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ABSTRACT

Instruction: There is evidence of a relationship
between severity of infection and inflammatory
response of the immune system. The objective is to
assess serum levels of immunoglobulins and to
establish its relationship with severity of community-
acquired pneumonia (CAP) and clinical outcome.
Methods: This was an observational and cross-
sectional study in which 3 groups of patients
diagnosed with CAP were compared: patients treated in
the outpatient setting (n=54), patients requiring in-
patient care (hospital ward) (n=173), and patients
requiring admission to the intensive care unit (ICU)
(n=191).

Results: Serum total IgG (and IgG subclasses IgG1,
19G2, 19G3, 1gG4), IgA and IgM were measured at the
first clinical visit. Normal cutpoints were defined as the
lowest value obtained in controls (<680, <323, <154,
<10, <5, <30 and <50 mg/dL for total 19G, 1gG1,
19G2, 19G3, 1gG4, IgM and IgA, respectively). Serum
immunoglobulin levels decreased in relation to severity
of CAP. Low serum levels of total IgG, 1gG1 and 1gG2
showed a relationship with ICU admission. Low serum
level of total IgG was independently associated with
ICU admission (OR=2.45, 95% Cl 1.4 to 4.2, p=0.002),
adjusted by the CURB-65 severity score and
comorbidities (chronic respiratory and heart diseases).
Low levels of total 1gG, 1gG1 and 1gG2 were
significantly associated with 30-day mortality.
Conclusions: Patients with severe CAP admitted to
the ICU showed lower levels of immunoglobulins than
non-ICU patients and this increased mortality.

INTRODUCTION

Community-acquired  pneumonia  (CAP)
remains one of the infectious diseases with
the highest morbidity and mortality. In the
general adult population, the annual inci-
dence of CAP varies between 1.6 and 13.4
cases per 1000 inhabitants, and hospitalisa-
tion rates range between 22% and 61.4%." *
Approximately 10% of hospitalised patients
require admission to the intensive care unit

KEY MESSAGES

» Low levels of immunoglobulins are a prognostic
factor of severity in community pneumonia?

» Patients with severe community-acquired pneu-
monia (CAP) admitted to the intensive care unit
(ICU) showed lower levels of circulating immu-
noglobulins than non-ICU patients and this
observation is associated with an increased
mortality.

» These findings suggest that we should continue
the investigation of the target subgroup of
patients with CAP where the use of intravenous
immunoglobulin as adjunctive treatment may
improve outcome and reduce mortality.

(ICU).” The mortality rate varies between 0.1
and 0.7 per 1000 persons-year.' ™

There is evidence of the relationship
between severity of infection and inflamma-
tory response of the immune system.’ 7
Immunoglobulins (IgG subclasses) are par-
ticularly effective in the identification, neu-
tralisation, opsonisation and direct lysis of
pathogens as well as activation of the comple-
ment cascade. Owing to these specific func-
tions, immunoglobulins are postulated as
new therapies, already used in the treatment
of primary humoral immunodeficiency,™"'
autoimmune diseases'' and neonatal strepto-
coccal septic shock.'” Treatment with intra-
venous immunoglobulin (IVIG) is a
promising adjunctive therapy for severe
sepsis and septic shock, but its use remains
controversial, although an overall mortality
benefit has been reported in small studies.”

It is well known that a deficit in immuno-
globulin production, especially IgG in
primary immunodeficiencies, causes an
increase in infections, in particular by encap-
sulated pathogens of the upper (sinusitis, tra-
cheobronchitis) or lower (pneumonia)
respiratory tract. However, there is little infor-
mation on changes in serum levels of
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immunoglobulins in previously healthy subjects diag-
nosed with pneumonia. Therefore, a cross-sectional
study in patients with CAP was conducted, the aim of
which was to assess serum levels of immunoglobulins
and to establish a relationship with severity of pneumo-
nia and clinical outcome.

METHODS

Design and setting

This was an observational and cross-sectional study in
which three groups of patients diagnosed with CAP were
compared. The diagnosis of CAP was based on acute
lower respiratory tract infection with the appearance of
focal signs on physical examination of the chest and new
radiological findings suggestive of pulmonary infiltrate." *
The three study populations were patients with CAP
treated at home, patients with CAP requiring inpatient
care, and patients with CAP requiring admission to the
ICU." All patients gave written consent to draw blood
samples for the immunological study on the first day of
the patient-physician encounter. Written informed
consent was obtained directly from all patients or their
legal representative before enrolment. The study proto-
col was approved by the Ethics Committee of the
Consorci Sanitari del Maresme (Barcelona, Spain).

Exclusion criteria and other study details, including
data collected for each patient, are described in the
online supplementary data.

Prognostic data included were septic shock, defined
by persistent hypotension despite fluid replacement
therapy associated with signs of hypoperfusion, and
30-day mortality. Severity of CAP at the first evaluation of
the patient was estimated using the CURB-65 severity

SCOI‘C.15

Immunological study

Blood samples were obtained from all patients during
the first contact with the physician and at the time of
diagnosis of CAP, and were stored at —80°C until ana-
lysis. Serum total IgG (and IgG subclasses IgGl, IgG2,
IgG3, IgG4), IgA and IgM were measured by nephelo-
metry.'® Since standard criteria regarding normal values
of immunoglobulins are lacking, reference values were
those obtained in a control group of the same popula-
tion (see online supplementary data).'” In patients with
CAP, normal cutpoints for serum concentration of
immunoglobulins or IgG subclasses was defined as
the lowest value obtained in controls, which were
680 mg/dL for IgG, 323 mg/dL for IgGl, 154 mg/dL for
IgG2, 10 mg/dL for IgG3, 5 mg/dL for IgG4, 30 mg/dL
for IgM, and 50 mg/dL for IgA. Hypogammaglobulinaemia
was defined as a serum IgG level <500 mg/dL."®

Statistical analysis

Immunoglobulin levels in each of the three study groups
(ambulatory CAP, hospitalised patients with CAP,
patients with CAP admitted to the ICU) were expressed

as median and IQR (25-75th centile) and also cate-
gorised as low (deficient) or normal levels according to
the cutpoints for serum levels of immunoglobulins and
IgG subclasses. Ambulatory patients with CAP or those
requiring inpatient care were grouped in a single cat-
egory of non-JCU patients with CAP in order to
compare this category with patients with CAP admitted
to the ICU. All factors associated with low serum levels
of immunoglobulins were analysed. Means were com-
pared with the analysis of variance (ANOVA) or the
Kruskal-Wallis test (three groups) or Student’s t-test or
the Mann-Whitney U test (two groups). The Spearman
correlation coefficient (r;) was used to assess the rela-
tionship between continuous variables. The effect of
serum levels of immunoglobulins on ICU admission was
assessed in a logistic regression analysis, and the OR and
95% CIs were calculated. The model was adjusted by
confounding variables associated with both serum levels
of immunoglobulins and ICU admission. Statistical sig-
nificance was set at p<0.05. The SPSS program (V.11.0)
was used for data analysis.

RESULTS

Study population and baseline characteristics

A total of 876 patients diagnosed with CAP were
enrolled and classified into groups of ambulatory CAP
(n=246), CAP requiring hospitalisation (n=244), and
CAP requiring care in the ICU (n=386). However, 458
(52.3%) patients were excluded in most cases (n=374)
because blood samples on the day of CAP diagnosis
were unavailable. The flow chart of the study population
is shown in figure 1. The three study groups included 54
patients with CAP treated in the outpatient setting, 173
admitted to the hospital, and 191 admitted to the ICU.
Baseline characteristics of the patients are shown in
table 1.

Serum immunoglobulin levels

As shown in table 2, serum immunoglobulin levels
decreased in relation to severity of CAP, that is, patients
requiring ICU admission showed significantly lower
values of all IgG subclasses and IgA as compared with
patients with CAP treated in the outpatient setting or
admitted to the hospital. Serum immunoglobulins
except for total IgG were higher in ambulatory CAP as
compared with hospitalised patients, who also showed
higher levels as compared with patients admitted to the
ICU.

The correlation between immunoglobulin
levels and days with symptoms prior to medical diagnosis
of CAP showed a significant and positive correlation
between IgG2 levels and days with symptoms in patients
not requiring ICU admission (r=0.145, p=0.035),
whereas in patients admitted to the ICU there was a
negative correlation between days of previous symptoms
and serum levels of total IgG (r,=—0.216, p=0.003), IgG1
(re=0.201, p=0.005) and IgG2 (rs=—0.175, p=0.016).
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Figure 1 Flow chart of the study
population. CAP,

| 876 Patients with CAP ‘

community-acquired pneumonia;
ICU, intensive care unit.

246 patients with
ambulatory CAP

244 patients with
CAP hospitalised

386 patients with CAP
admitted ICU

EXCLUDED (

N=192) EXCLUDED (N=71) EXCLUDED (N=195)

Lack of sera (n=192)

Lack of sera (n=43) Lack of sera (n=139)

Exclusion criteria (n=28) Basal Immunosuppression (n=36)
Exclusion criteria (n=20)

54 patients with
ambulatory CAP

173 patients with
CAP hospitalised

191 patients with CAP
admitted ICU

Low serum immunoglobulin levels
As shown in table 3, low serum levels of total IgG, IgGl
and IgG2 (according to the reference values) showed a
relationship with ICU admission. Differences in the per-
centage of patients with low immunoglobulin levels
between those treated in the outpatient setting and
those admitted to the hospital ward were not observed.
However, there was a statistically significant association
between low levels of total IgG and IgGl and higher
values in the CURB-65 severity score (table 4). All
patients with a CURB-65 severity score of 4 and 5 were
admitted to the ICU.

In the multivariate analysis, a low serum level of total
IgG was independently associated with ICU admission
(OR=2.45, 95% CI 1.4 to 4.2, p=0.002), adjusted by the

CURB-65 severity score and comorbidities (chronic
respiratory and heart diseases) (table 5).

30-day mortality

Of the 418 patients with CAP, 48 (11.5%) died within
30 days after diagnosis. In relation to the CURB-65 sever-
ity score, the mortality rate was 100% for patients with
score b, 28.6% for score 4, 20.6% for score 3, 18.7% for
score 2 and only 2.2% for score 1. Admissions to the
hospital and to the ICU were both associated with mor-
tality. Also, low levels of total IgG, IgG1l and IgG2 were
significantly related to fatality (figure 2). Patients with
hypogammaglobulinaemia  (total =~ IgG<500 mg/dL)
(n=23) also showed a higher mortality rate than the

Table 1 Baseline characteristics of the study population according to site of care

Site of care of patients with CAP

Hospital p Value three p Value ICU vs

Variables Ambulatory ward ICU Non-ICU study groups non-ICU groups
Total patients 54 173 191 227
Male patients 42 (77.8) 112(64.7) 136 (71.2) 154 (67.8) 0.146 0.457
Age, years, mean (SD) 51.1 (18.8) 71.1 (15.6) 60.1 (17.4) 66.3 (18.5) <0.001 <0.001
Alcohol consumption 7 (14) 8 (4.8) 30 (15.7) 15 (6.9) 0.003 0.004
Smoking habit 14 (28) 27 (16.1) 67 (35.1) 41 (18.8) <0.001 <0.001
Chronic respiratory 12 (24) 100 (59.2) 73 (38.2) 112 (51.1) <0.001 0.009
disease
Chronic heart disease 6 (12) 76 (45) 42 (22) 82 (37.4) <0.001 0.001
Diabetes mellitus 2 (4) 41 (24.3) 44 (23) 43 (19.6) 0.006 0.401
Chronic neurological 5(10) 29 (17.2) 19 (9.9) 34 (15.5) 0.101 0.093
disorders
Chronic renal failure 1(2) 8 (4.7) 7 (3.7) 9 (4.1) 0.663 0.817
Past solid neoplasm 1(2) 10 (5.9) 4 (2.1) 11 (5.0) 0.125 0.115
Oral corticosteroids 5 (10) 30 (17.8) 8 (4.2) 35 (16.0) <0.001 <0.001
Previous symptoms, 7.6 (5.6) 4.5 (5.3) 3.5 (2.9) 5(5.5) <0.001 0.069
days, mean (SD)
Shock 0 0 88 (46.1) 0 <0.001 <0.001
Death 0 5 (2.9) 43 (22.5) 5(2.2) <0.001 <0.001

Data as frequencies and percentages in parentheses unless otherwise stated.

CAP, community-acquired pneumonia; ICU, intensive care unit.
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Differences of serum levels of immunoglobulins in patients with CAP according to the site of care on the first day of

medical consultation

Site of care of patients with CAP p Value p Value
Serum levels of three ICU vs
immunoglobulins  Ambulatory Hospital ward study non-ICU
(mg/dL) (n=54) (n=173) ICU (n=191) Non-ICU (n=227) groups groups
IgG, total 1110 (889-1350) 986.5 (768.5—-1175) 908 (682—1300) 1010 (810-1210) 0.035 0.081
IgG1 673 (5657-815)  608.5 (493.5-767.5) 541 (401-766) 623 (504-772) 0.009 0.005
IgG2 339 (239-506) 318 (209-430.5) 270.5 (162-369) 323.5 (221—447) <0.001  <0.001
1gG3 60.8 (43.1-80) 61.3 (43.5-85.4) 43.1 (29-70) 61.3 (43.4-83.3) <0.001 <0.001
IgG4 46.8 (27.7-103) 43.3 (18.6-74.5) 28.5 (15-58) 44.7 (21.4-80.9) 0.001 0.001
IgA 233 (160-342) 254 (186—-333) 221.5 (132-310) 249 (184-340) 0.018 0.008
IgM 107 (58-162) 76.5 (53—-121) 83 (58-117) 81 (54-129) 0.032 0.705

Data as median and IQR (25-75th centile) in parentheses.
CAP, community-acquired pneumonia; ICU, intensive care unit.

remaining patient, but it was not statistically significant
(p=0.079).

To the best of our knowledge, this is the first study in
which serum levels of immunoglobulins were measured
in patients with CAP divided according to severity of
pneumonia. We have observed that if the CAP is more
severe, there is a lower concentration of IgGl, IgG2,
IgG3 and IgG4 subclasses as well as IgA. In fact, patients
requiring ICU admission as compared with those not
treated in the ICU showed lower levels of circulating
IgGl, 1gG2, IgG3, 1gG4 and IgA. Since no differences in
serum concentrations of immunoglobulins between
patients treated ambulatorily and patients treated in the
hospital ward were observed, it seems that low immuno-
globulin levels may occur exclusively in patients with
severe CAP, and that low values of total IgG in the acute
phase of CAP is an independent prognostic factor for
ICU admission.

Although factors influencing the outcome of pneumo-
nia have been extensively investigated, the potential
effect of low immunoglobulin levels on mortality in CAP
remains unclear. Moreover, it has been observed that
low levels of total IgG, IgGl and IgG2 at the onset of

CAP are indicator of a higher severity and an increased
in mortality.

A few studies have assessed changes of serum immuno-
globulin levels in pneumonia. Feldman et al'” measured
IgG levels in 66 patients (19 patients required ICU treat-
ment), and found abnormal levels (increase or
decrease) in the IgG subclasses but without differences
between ICU and non-ICU patients. These findings may
be probably be explained by the small number of
patients in both groups, particularly critically ill patients.
In the present study, serum immunoglobulin levels were
measured in a large study sample of 418 patients with
CAP, which allowed stratification into two large subsets
of 227 patients not requiring ICU admission and 191
severely ill patients treated in the ICU. We found signifi-
cant differences in the four IgG subclasses, with lower
values among patients admitted to the ICU. In contrast
to findings in the study of Feldman et al,'? we found that
low levels of total IgG, IgG1 and IgG2 may be prognostic
factors of mortality and are more frequently observed in
patients admitted to the ICU. In 1990, Herer et al’
reported that serum levels of IgG2 in patients with CAP
(n=38) of bacterial or unknown aetiology were lower
than in healthy subjects (n=26), remaining low 9 months
later. A comparison with healthy subjects was not made

Patients with CAP and low levels of serum immunoglobulins according to the site of care

Site of care of patients with CAP p Value
Low levels of serum Hospital three p Value ICU
immunoglobulins, Ambulatory  ward ICU Non-ICU  study vs non-ICU
mg/dL (cutpoints) (n=54) (n=173) (n=191) (n=227) groups groups OR (95% CI)
IgG, total (<680) 7 (13) 33(19.1) 75(39.3) 40(17.6) <0.001 <0.001 3.03 (1.94 to 4.75)
IgG1 (<323) 3 (5.6) 13 (7.5) 41 (21.5) 16 (7.1) <0.001 <0.001 3.59 (1.94 to 6.63)
IgG2 (<154) 8 (14.8) 31 (17.9) 52 (27.2) 39 (17.2) <0.04 <0.013 1.8 (1.13 t0 2.89)
IgG3 (<10) 1(1.9) 0 5 (2.6) 1(0.4) 0.108 0.098 6.05 (0.7 to 52.2)
IgG4 (<5) 3 (5.6) 7 (4.0) 5(2.6) 10(4.4) 0.544 0.328 0.58 (0.2 to 1.74)
IgA (<50) 1 (2.0) 4 (2.3) 7 (3.7) 5(2.2) 0.683 0.389 1.60 (0.81 to 3.17)
IgM (<30) 3 (5.6) 13 (7.5) 21 (11.0) 16 (7.1) 0.366 0.173 1.66 (0.52 to 5.32)

Data as frequencies and percentages in parentheses.
CAP, community-acquired pneumonia; ICU, intensive care unit.
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Table 4 Association between low serum levels of immunoglobulins and CURB-65 score

CURB-65 severity score

Immunoglobulins cutpoints, mg/dL 0 (n=71) 1(n=137) 2 (n=124) 3 (n=68) 4 (n=14) 5 (n=4) p Value
1gG, total (<680) 14 (19.7) 29 (21.2) 36 (29.0) 28 (41.2) 5 (35.7) 3 (75) 0.005
IgG1 (<323) 6 (8.5) 11 (8) 17 (13.7) 18 (26.5) 3 (21.4) 2 (50) 0.001
1gG2 (<154) 11 (15.5) 30 (21.9) 22 (17.7) 23 (33.8) 4 (28.6) 1 (25) 0.113
19gG3 (<10) 1(1.4) 2 (1.5) 2 (1.6) 1(1.5) 0 0 0.998
IgG4 (<5) 5(7) 2 (1.5) 6 (4.8) 2(3) 0 0 0.353
IgA (<50) 2(2.8) 4 (2.9) 2(1.6) 3 (4.4) 1(7.1) 0 0.820
IgM (<30) 4 (5.6) 9 (6.6) 12 (9.7) 10 (14.7) 2 (14.3) 0 0.331

Data as frequencies and percentages in parentheses.

in our study. However, in a previous population-based
case—control study, with 171 cases and 90 controls
matched by age and sex, all immunoglobulins were sig-
nificantly lower in cases than in controls, mainly total
IgG and 1gG2."" In contrast to the study of Herer et al,*
80% of patients normalised immunological levels in the
convalescent phase (after 30 days).

Similar results have been obtained in the studies of
Gordon et al’' * in which a decrease in serum levels of
total IgG, IgGl and IgG2 in patients with CAP with
severe influenza HINI1 virus pneumonia as well in the
remaining patients with severe non-influenza CAP.
Although Gordon et al'' ?' established an association
between acute low values of IgG2 and severe infection
by influenza HINI virus, they could not determine
whether this was due to the virus itself or to other
factors of severity. On the other hand, Justel et al?®
observed that patients with severe disease caused by
influenza A (HIN1) and low levels of IgG2 and IgM on
ICU admission died sooner. In our study, we detected
no differences in serum levels of IgM, perhaps because
we excluded immunosuppressed patients. In this study,
low levels of total IgG (below the reference cut-off
value) was an independent risk factor for ICU admission
in the logistic regression analysis, as was the CURB-65
severity score.

Clearly, there are levels of serum immunoglobulins
lower in patients with severe CAP, but the reason for
these decline is unknown. Hukuhara et al* suggested
that IgG2 are consumed at the infected phase by pro-
tecting against bacterial infections. In our study, ICU
patients despite consult a physicians before patients
no-ICU, showed lower IgG2 and also to further delay in

Table 5 Effect of low levels of serum IgG levels adjusted
by independent risk factors on ICU admission

Variable OR (95% Cl) p Value
Low level of total IgG 245 (1.4t04.2) 0.002
(<680 mg/dL)

CURB-65 severity score 4.62 (3.33t06.4) <0.001
Chronic heart disease 0.22 (0.12t0 0.4) <0.001
Chronic respiratory disease 0.29 (0.17 to 0.51) <0.001

ICU, intensive care unit.

diagnosis more decreased concentrations of this sub-
class. Regardless of the underlying mechanism respon-
sible for the low levels of immunoglobulins, according to
the present findings, patients with decreases in total IgG
and IgGl, as well as IgG2, have a threefold and twofold
increased risk of ICU admission, respectively, than
patients with normal levels. Low levels of total IgG were
found in 20.9% of patients who died as compared with
8% of survivors. In previous study in our group, showed
as serum levels of IgG2 (<301 mg/dL) at the time of
CAP diagnosis was a mortality predictor for hospitalised
patients with CAP and patients with IgG2 levels below
this cutoff died sooner.” Of studies that have investi-
gated the relationship between immunoglobulins and
sepsis, Bermejo-Martin et a’® demonstrated that the
combined presence of low levels of IgGl, IgM and IgA
in plasma was associated with reduced survival for cases
of severe sepsis or septic shock. These results suggest
that we should continue the investigation of the target
subgroup of patients with CAP, probably using immuno-
scores with different immunoglobulins to predict prog-
nosis, whereas the use of IVIG as adjunctive treatment
during the acute phase of the disease may improve
outcome and reduce mortality.

Data supporting the use of IVIG remains controversial.
Werdan et af’ in a randomised, double-blind, placebo-
controlled, multicentre trial (the SBITS study), the
administration of intravenous monoclonal IgG did not

60

<0.001
50 P
40 p=0.016
30 p=0.004
20
10 p=0.716
p=0374  P082 p=0.896
o | -
Total IgG 1gG1 1gG2 1gG3 1gG4 IgA IgM

Alive (n=370)  ® Exitus (n=48)

Figure 2 Low levels of serum immunoglobulins and effect
on 30-day mortality.
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reduce 28-day mortality in patients with sepsis.
However, studies with polyclonal IVIG have shown a
reduction in mortality, with a trend in favour of
immunoglobulin preparations enriched with IgM.*® *
Data of systematic reviews and meta-analyses provided
evidence of the effect of polyclonal IVIG to reduce
mortality in patients with severe sepsis or septic
shock.’*™®? Further evidence is needed from large,
well-designed randomised controlled trials to use IGIV
in pneumonia to confirm whether these promising
results are applicable to patients with sepsis caused by
pneumonia.

This is the first study of a population with CAP in
which immunological status was evaluated. Also, three
different levels of CAP severity according to the level of
care and CURB-65 severity score were separately
assessed, showing that hypogammaglobulinaemia may
be postulated as a prognostic factor only in critically ill
patients with CAP, with an increase in mortality in the
presence of low serum immunoglobulin levels. The ana-
lysis of the major immunoglobulins and IgG subclasses
allowed us to identify that the IgG group especially IgG1
and IgG2 subtypes were those related to prognosis of
CAP. Some limitations should be mentioned. Despite
strict exclusion criteria, it is unknown whether some
patients with low immunoglobulin levels may have had
some immunodeficiency disease still undiagnosed. The
lack of follow-up during the convalescent phase does
not allow distinguishing patients with acquired immuno-
deficiency caused by CAP from those with deficient
immunological status at baseline. On the other hand,
although all patients with CAP requiring ICU admission
were included in the study, patients with less severe
disease, especially those treated as outpatients, may be
well underrepresented given that physicians did not
always order a chest X-ray to establish the diagnosis of
CAP, or consider it necessary to draw a blood sample to
assess the immunological status on the first day of
consultation.

In summary, this study shows that patients with severe
CAP admitted to the ICU showed lower levels of circulat-
ing immunoglobulins than non-ICU patients and that
this IgG deficiency is associated with a higher mortality.
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