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Abstract: Introduction: Community-acquired pneumonia (CAP) presents high mortality rates and
high healthcare costs worldwide. C-reactive protein (CRP) has been widely used as a biomarker
for the management of CAP. We evaluated the performance of CRP threshold values and ∆CRP as
predictors of CAP survival and length of hospital stay. Methods: A total of 173 adult patients with
CAP were followed for up to 30 days. We measured serum CRP levels on days 1, 4, and 7 (D1, D4,
and D7) of hospitalization, and their variations between different days were calculated (∆CRP). A
multivariate logistic regression model was created with CAP 30-day survival and length of hospital
stay as dependent variables, and absolute CRP values and ∆CRP, age, sex, smoking habit (pack-years),
pO2/FiO2 ratio on D1, WBC on D1, and CURB-65 score as independent variables. Results: A total
of six patients with CAP died (30-day mortality 3.47%). No difference was found in CRP levels and
∆CRP between survivors and non-survivors. Using a cut-off level of 9 mg/dL, the AUC (95% CI)
for the prediction of survival of CRP on D4 and D7 were 0.765 (0.538–0.992) and 0.784 (0.580–0.989),
respectively. A correlation between CRP values on any day and length of hospital stay was found,
with it being stronger for CRPD4 and CRPD7 (p < 0.0001 and p = 0.0024, respectively). A reduction
of CRP > 50% from D1 to D4 was associated with 4.11 fewer days of hospitalization (p = 0.0308).
Conclusions: CRP levels on D4 and D7, but not ∆CRP, could fairly predict CAP survival. A reduction
of CRP > 50% by the fourth day of hospitalization could predict a shorter hospital stay.

Keywords: C-reactive protein (CRP); community-acquired pneumonia (CAP); biomarkers; mortality;
prognosis; length of stay

1. Introduction

Community-acquired pneumonia (CAP) is a major public health problem with a
high mortality rate of approximately 5–15% and a considerable socio-economic burden
worldwide [1,2]. It remains a main reason of hospitalization, death, and high healthcare
costs in developed countries, especially among elderly people [3,4].

CRP is an acute-phase protein predominantly produced in the liver. Responding to
infection or tissue inflammation, the production of CRP is rapidly stimulated by cytokines,
particularly interleukin (IL)-6 [5]. Moreover, CRP is not only a marker, but also a driver of
inflammation by human macrophages [6,7].

In patients with severe CAP, a decrease of less than 25% in CRP levels at the second
day was significantly associated with 30-day all-cause mortality [8]. Additionally, a failure
of CRP to fall by 50% or more at day 4 leads to an increased risk for 30-day mortality and
a need for mechanical ventilation [9]. Conversely, a recent 5-year follow-up cohort study
showed no higher admission levels of CRP in patients with CAP experiencing an adverse
short-term outcome (intensive care unit admission and 30-day mortality) [10]. CRP levels
have been shown to decrease after successful antibiotic treatment, and serial assessment of
CRP aided in the early identification of CAP patients with poor outcomes [11,12].
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The correlation of CRP values with the length of hospital stay has also been evaluated.
In 823 adult patients hospitalized with CAP, a lack of a CRP decline within three days of
hospitalization was associated with a high risk of complications and a prolonged hospital
stay [13]. Similarly, in a study from Sweden, it was demonstrated that hospital-treated CAP
patients with high IL-6 or CRP levels had a longer duration of fever and a longer hospital
stay [14]. A reduced length of hospital stay can result in substantially lower costs [15].

The aim of the present study was to assess the predictive value of CRP levels in
patients with CAP. We hypothesized that serum CRP levels on days 1 (D1), 4 (D4), and
7 (D7) could predict survival and hospital length of stay. We carried out a study in which
we evaluated: (1) serum CRP levels on the first, fourth, and seventh day of CAP; and
(2) ∆CRP, as a prognostic marker of CAP survival (up to D30) and length of hospital stay.
We also evaluated whether CRP in any day measured was associated with the severity of
respiratory failure.

2. Materials and Methods
2.1. Study Design and Population

The study was conducted at the 1st University Department of Respiratory Medicine,
University of Athens, from January 2013 until September 2019. The local ethics committee
approved the study.

Initially, 194 patients with CAP were screened. Patients with hospital-acquired pneu-
monia (HAP), immunocompromised patients (hematologic malignancies, HIV,
neutropenia < 1000 cells/mL, and patients who had received chemotherapy or other
immunosuppressive therapy over the past 2 months) were excluded from the study. Pa-
tients who died within the first 2 days of CAP diagnosis were also excluded from the study.
Moreover, patients who had received antibiotic treatment at least 1 day prior to hospital
admission were not included in the study. Finally, 173 patients with CAP comprised the
study group. The day of CAP diagnosis was defined as D1 and was the day that empirical
antibiotic treatment was started. The following days were termed as D2, D3, etc. CRP
levels were measured on D1, D4, and D7 in all patients included in the study. Patients
were followed until the 30th day after CAP diagnosis and then were considered survivors.
Those who died before D30 were considered non-survivors. Antibiotic treatment was
chosen by the treating physician and was modified according to the susceptibility pattern
of the sputum and/or blood culture in case empirical treatment did not cover the isolated
pathogen. Blood samples were collected on D1, D4, and D7. The samples were centrifuged
at 2500 rpm for 15 min, and the plasma was aliquoted and stored at −80 ◦C until analyzed
in a single batch. Circulating levels of CRP were measured using an immunoturbumet-
ric method with a commercially available kit (Dade Behring). Normal values for CRP
were <0.70 mg/dL.

2.2. Statistical Analysis

Values were expressed as mean (±SD) or median (interquartile range 25–75 percentile)
in the case of a skewed distribution. Comparisons between patient groups were performed
by using the Mann–Whitney U-test method. The difference ∆ was calculated using the
formula: ∆ = D4-D1, D7-D4 and D7-D1, respectively. Therefore, ∆CRP4-1 = CRPD4-CRPD1,
∆CRP7-4 = CRPD7-CRPD4, and ∆CRP7-1 = CRPD7-CRPD1, where ∆ > 0 refers to increasing
values and ∆ ≤ 0 refers to reducing values. The ∆CRP values were classified as increasing
or unchanging/decreasing. A univariate logistic regression analysis followed in order to
define the risk factors for CAP survival and hospital length of stay. A multivariate logistic
regression analysis model was created with CAP survival and hospital stay as dependent
variables, whereas the absolute CRP values on D1, D4, and D7, as well as the changes in
CRP values on days D1, D4, and D7 (∆CRP4-1, ∆CRP7-1, and ∆CRP7-4), were set as the as
independent variables. In order to deal with possible linearity, models were created that
contained only absolute values or only changes, as well as models with absolute values
and changes combined together. In order to control for potential confounding factors, age,
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gender, and CURB-65 score were included in the original model. Results were reported as
ORs, adjusted at 95% CI.

Sensitivity and specificity were calculated. Threshold values that gave the best combi-
nation of sensitivity and specificity were judged by calculating the Youden’s index, i.e., the
maximum difference between sensitivity and specificity [16].

The SPSS statistical package was used. A p-value < 0.05 was considered significant.

3. Results

A total of 173 patients with CAP were eventually included in the study. All of them
were hospitalized in the 1st University Department of Respiratory Medicine, University of
Athens, Greece. A flowchart of the study population is shown in Figure 1. The demographic
characteristics and the CRP values are shown in Table 1.
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Figure 1. Flowchart of the study participants.

Table 1. Characteristics of patients with CAP.

Subjects (n = 173) Survivors (n = 167) Non-Survivors (n = 6) p-Value

Age 62.6 ± 21.4 82.8 ± 13.7 0.011

Sex (M/F) 98/69 6/0 0.112

Smoking (C/Ex/N) 65/47/55 1/4/1 0.115

CRP D1 11.8 ± 9.1 17.8 ± 12.5 0.216

CRP D4 6.4 ± 6.2 16.9 ± 13.5 0.054

CRP D7 4.6 ± 5.8 12.8 ± 10.7 0.059

Length of stay (days) 14.4 ± 12.1 16.5 ± 9.2 0.397

pO2/FiO2 268.9 ± 76.2 210.5 ± 68.9 0.074

WBC 12,277 ± 4684 12,688 ± 5008 0.816

CURB-65 score
0.513

(0,1,2,3,4) 7/27/70/50/13 0/0/2/3/1
Data are presented as n, mean ± SD. CRP: C-reactive protein, WBC: white blood cell count, CURB: confusion,
urea, respiratory rate, and blood pressure.
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In 11 patients, a positive sputum culture was found (Klebsiella Pneumoniae: 3, Staphy-
lococcus Aureus: 1, Stenotrophomonas Maltophila: 1, MRSA: 1, Pseudomonas Aeruginosa:
3, other Gram (+) bacteria: 1, and other Gram (−) bacteria: 1). A total of 4 patients had a
positive blood culture (Klebsiella Pneumoniae: 1, Streptococcus Pneumoniae: 1, Proteus
Mirabilis: 1, and other Gram (+) bacteria: 1), while in 4 patients with CAP, a positive urine
antigen for strep pneumonia (n = 3) and for Legionella (n = 1) was detected.

3.1. CAP Survival

CRP values exceeded normal levels in 172 out of 173 patients on D1.
During the study period, six patients with CAP died (3.47%). One death occurred on

D3 of hospitalization, and five non-survivors died between D8 and D23. Non-survivors
were older compared to survivors (p = 0.011). There was no difference in CRP levels
between survivors and non-survivors on any day although non-survivors had higher CRP
levels, especially on D4 and D7.

In the univariate analysis, CRPD4 and CRPD7 were able to predict survival of CAP.
However, this predictive performance was lost in the multivariate analysis.

∆CRP scores were not different between survivors and non-survivors either.
Using as cut-off level the value of 9 mg/dL, the AUC and 95% CI for the prediction of

survival for CRP on D4 and D7 were 0.765 (0.538–0.992) and 0.784 (0.580–0.989), respectively
(Figure 2A,B).
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Figure 2. (A) ROC curve for CRP D4 in predicting CAP survival; (B) ROC curve for CRP D7 in
predicting CAP survival.

Moreover, neither a reduction of CRP >50% from D1 to D4, nor a reduction >50% from
D4 to D7 were associated with better survival (p = 0.0688 and 0.362, respectively).

CURB-65 was not associated with mortality (p = 0.512), and the addition of CURB-65
to absolute CRP values (D1, D4, and D7) did not improve its performance.

Using a cut-off value of 3 for CURB-65 (thus <3 and ≥3), the AUC and 95% CI for the
prediction of survival was 0.702 (0.5245–0.8801).

One patient with a positive blood culture died, while no pathogen was isolated in
the cultures of the other five non-survivors. Compared to those with a negative blood
culture, patients with a positive blood culture had significantly higher CRP levels on D1
(p = 0.016), while levels on D4 and D7, although higher, did not reach significance (p = 0.128
and p = 0.077, respectively).

3.2. CAP Hospital Length of Stay

A correlation between CRP values on any day and length of hospital stay was found,
being stronger for CRPD4 and CRPD7 (p < 0.0001 and p = 0.0024, respectively).

Furthermore, a reduction of CRP >50% from D1 to D4 was associated with a shorter
hospital length of stay and corresponded to 4.11 fewer days of hospitalization (p = 0.0308).
A reduction of CRP >50% from D4 to D7 corresponded to 1 fewer hospitalization days,
which was not significant (p = 0.5657).

The CURB-65 score was not associated with hospital length of stay (p = 0.2762).
Additionally, a positive correlation was detected between PaO2/FiO2 and CRPD4 or

CRPD7 (p = 0.0008 and p = 0.0392, respectively).
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4. Discussion

Several biomarkers have been evaluated in an effort to assess the prognosis of patients
with CAP, and these measurements are supplementary to traditional clinical tools.

CRP has been established as a widely used inflammatory biomarker in CAP and has
been evaluated in several studies. It is included in the clinical protocols for CAP of several
hospitals [17], and it is mentioned in the guidelines of lower respiratory tract infections
(LRTIs) [18]. Currently, CRP and PCT are the best available tools to assess the severity of
CAP [18]. When CRP levels remain unremarkable or low at follow-up measurements, a
relevant severe infection is very unlikely [19].

In the present study, we aimed to evaluate the predictive performance of CRP in
survival and hospital length of stay in hospitalized patients with CAP. The choice of D1, D4,
and D7 was arbitrary and was based upon the clinical course of CAP, thus at admittance
(D1), after three days of antibiotic treatment when re-evaluation usually occurs (D4), and
towards the end of antibiotic treatment (D7). We did not find any association between
absolute CRP values measured on D1, D4, and D7 and survival of patients hospitalized
with CAP. Neither did we find any association between ∆CRP and CAP survival. However,
a failure to reduce CRP levels <9 mg/dL on D4 and D7 after the initiation of antibiotic
treatment could fairly predict CAP survival. Moreover, we found that a reduction of
CRP of more than 50% from D1 to D4 could predict a shorter hospital length of stay. The
findings of our study regarding mortality are in contrast to the findings of other studies. A
retrospective study from Denmark, including 814 patients with CAP, showed that absolute
CRP levels and relative decline on the third day of hospitalization were both predictors
of 30-day mortality. Moreover, the highest mortality risk was found in CAP patients
with a level of CRP > 75 mg/L who failed to decline 50% by day 3 [20]. Another study
demonstrated that a failure to present a decline in CRP levels was associated with a poor
prognosis, irrespective of the actual level of CRP [21]. Similarly, according to the German
competence network CAPNETZ, in CAP patients without antimicrobial pre-treatment,
survivors had lower values of CRP, as well as PCT and WBC, compared to non-survivors,
and these biomarkers predicted 28-day mortality exclusively in these patients. However, in
patients with antimicrobial pre-treatment, the values of PCT, WBC, and CRP did not differ
significantly in survivors and non-survivors, indicating that there is an effect of antibiotic
pre-treatment in the levels of inflammatory biomarkers [22]. This discrepancy may be
attributed to the low number of deaths in our study population. Only 6 out of 173 patients
died, and this corresponds to a percentage of 3.47%, which is lower in comparison to other
studies. Moreover, the mean age of survivors was lower in comparison to other studies,
possibly contributing to the low mortality since mortality has been shown to increase
with age [23].

Patients with a positive blood culture had higher CRP levels on D1, indicating that
they constituted a more severely ill population. However, this difference was not observed
in D4 and D7 CRP levels, and most importantly, it did not influence the outcome (death or
survival), demonstrating a less crucial effect after the initiation of antibiotic therapy.

The finding of an association of ∆CRP with hospital length of stay is important. CAP
presents a varying spectrum of severity, and hospital stay increases its cost and morbidity
significantly. We found that, of those patients with CAP in whom CRP decreased from D1
to D4, more than 50% stayed in the hospital for four fewer days. The decision of hospital
discharge was based upon the clinician’s decision and other factors, such as social factors
and comorbidities. However, apart from being statistically significant, four fewer days of
hospital stay are clinically important as they correspond to 30% less hospitalization time
and a much lower cost. A relatively small decrease in the length of hospital stay in CAP
can have a significant cost impact, and even a one-day reduction in length of stay has been
shown to yield substantial cost savings [15,24]. Our findings are compatible with the results
of a prospective observational cohort study in Israel which demonstrated that a greater
decrease in CRP levels between the first and second day of hospitalization was associated
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with a shorter length of hospital stay [25]. Similarly, a failure of CRP to decline by day 3 of
hospitalization has been associated with prolonged hospital stay [13].

There are limitations to this study. First, the decision to admit, as well as to discharge,
the patient with CAP was made by the clinician and was not based on specific, pre-defined
criteria. However, almost 80% of the admitted patients had a CURB-65 score ≥2 and
fewer than 4% had a CURB-65 score of 0, indicating that the more severe patients were
hospitalized. The lack of data regarding comorbidities and past vaccinations that are
known to influence susceptibility to CAP is a major limitation of our study. Third, treating
physicians—although in the same department—may have started antibiotic treatment with
different regimens, as there was no specific protocol for guiding antibiotic therapy, and
therefore, ∆CRP could not be strongly associated with successful treatment. However,
the very low death rate demonstrates that, in the majority of CAP patients, the chosen
antibiotic regimen was successful, but it may also be attributed to the lower mean age of
our study group. Another limitation is the low number of patients with an established
microbiological diagnosis. However, this is common in clinical practice. Moreover, since D1
was defined as the day of hospital admission and initiation of empirical antibiotic treatment,
the time between the onset of patients’ symptoms and hospital admission varied among
patients and may have influenced the absolute CRP values at D1, and that is a limitation.
Eventually, the study was conducted in a single center, and accordingly, this makes the
generalizability of our findings ambiguous. A strength of this study is the relatively high
number of patients, without any lost to follow-up, and the fact that it reflects common
clinical practice, as in a real-life situation. None of the included patients had received
antibiotic treatment prior to hospitalization, and thus, they constituted a homogenous
population of in-patients with CAP.

Undoubtedly, there is need for further research on how to use the information pro-
vided by single biomarker measurements and to corroborate the additive value of these
biomarkers in order to improve clinical decision-making regarding the management and
prognosis of hospitalized patients with CAP in daily practice. In conclusion, we found that
CRP levels on D4 and D7 could fairly predict CAP survival, and a reduction of CRP >50%
by D4 of hospitalization corresponded to four fewer days of length of hospital stay.

Author Contributions: Conceptualization, A.T., A.B., K.F.V., N.R., N.K. and P.B.; methodology, A.T.,
A.B., K.F.V., N.R., N.K. and P.B.; software, A.T., A.B., K.F.V., N.R., N.K. and P.B.; validation, A.T., A.B.,
K.F.V., N.R., N.K. and P.B.; formal analysis, A.T., A.B., K.F.V., N.R., N.K. and P.B.; investigation, A.T.,
A.B., K.F.V., N.R., N.K. and P.B.; resources, A.T., A.B., K.F.V., N.R., N.K. and P.B.; data curation, A.T.,
A.B., K.F.V., N.R., N.K. and P.B.; writing—original draft preparation, A.T., A.B., K.F.V., N.R., N.K.
and P.B.; writing—review and editing, A.T., A.B., K.F.V., N.R., N.K. and P.B.; visualization, A.T., A.B.,
K.F.V., N.R., N.K. and P.B.; supervision P.B.; project administration, P.B. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Decla-
ration of Helsinki, and approved by the Ethics Committee of “Sotiria” Chest Diseases Hospital
(12271-13/5/13).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Wunderink, R.; Waterer, G. Community-Acquired Pneumonia. N. Engl. J. Med. 2014, 370, 543–551. [CrossRef]
2. Yoon, H.K. Changes in the epidemiology and burden of community-acquired pneumonia in Korea. Korean J. Intern. Med. 2014, 29,

735–737. [CrossRef] [PubMed]

http://doi.org/10.1056/NEJMcp1214869
http://doi.org/10.3904/kjim.2014.29.6.735
http://www.ncbi.nlm.nih.gov/pubmed/25378971


J. Pers. Med. 2022, 12, 1710 8 of 8

3. Torner, N.; Izquierdo, C.; Soldevila, N.; Toledo, D.; Chamorro, J.; Espejo, E.; Fernandez-Sierra, A.; Dominguez, A.; Project
PI12/02079 Working Group. Factors associated with 30-day mortality in elderly inpatients with community acquired pneumonia
during 2 influenza seasons. Hum. Vaccin Immunother. 2017, 13, 450–455. [CrossRef] [PubMed]

4. Blasi, F.; Mantero, M.; Santus, P.; Tarsia, P. Understanding the burden of pneumococcal disease in adults. Clin. Microbiol. Infect.
2012, 18, 7–14. [CrossRef]

5. Pepys, M.B.; Hirschfield, G.M. C-reactive protein: A critical update. J. Clin. Investig. 2003, 111, 1805–1812. [CrossRef]
6. Kaplan, M.H.; Volanakis, J.E. Interaction of C-reactive protein complexes with the complement system. I. Consumption of

human complement associated with the reaction of C-reactive protein with pneumococcal C-polysaccharide and with the choline
phosphatides, lecithin and sphingomyelin. J. Immunol. 1974, 112, 2135–2147.

7. Newling, M.; Sritharan, L.; van der Ham, A.J.; Hoepel, W.; Fiechter, R.H.; de Boer, L.; Zaat, S.A.J.; Bisoendial, R.J.; Baeten,
D.L.P.; Everts, B.; et al. C-Reactive Protein Promotes Inflammation through FcγR-Induced Glycolytic Reprogramming of Human
Macrophages. J. Immunol. 2019, 203, 225–235. [CrossRef]

8. Nseir, W.; Farah, R.; Mograbi, J.; Makhoul, N. Impact of serum C-reactive protein measurements in the first 2 days on the 30-day
mortality in hospitalized patients with severe community-acquired pneumonia: A cohort study. J. Crit. Care 2013, 28, 291–295.
[CrossRef]

9. Chalmers, J.D.; Singanayagam, A.; Hill, A.T. C-reactive protein is an independent predictor of severity in community-acquired
pneumonia. Am. J. Med. 2008, 121, 219–225. [CrossRef]

10. Siljan, W.; Holter, J.; Michelsen, A.; Nymo, S.; Lauritzen, T.; Oppen, K.; Husebye, E.; Ueland, T.; Mollnes, T.E.; Aukrust, P.; et al.
Inflammatory biomarkers are associated with aetiology and predict outcomes in community-acquired pneumonia: Results of a
5-year follow-up cohort study. ERJ Open Res. 2019, 5, 00014-2019. [CrossRef] [PubMed]

11. Coelho, L.; Salluh, J.; Soares, M.; Bozza, F.; Verdeal, J.C.; Povoa, P.; Lapa e Silva, J.R.; Bozza, P.T.; Póvoa, P. Patterns of c-reactive
protein RATIO response in severe community-acquired pneumonia: A cohort study. Crit. Care 2012, 16, R53. [CrossRef] [PubMed]

12. Coelho, L.; Povoa, P.; Almeida, E.; Fernandes, A.; Mealha, R.; Moreira, P.; Sabino, H. Usefulness of C-reactive protein in monitoring
the severe community-acquired pneumonia clinical course. Crit. Care 2007, 11, R92. [CrossRef]

13. Saldías, F.; Salinas, G.; Farcas, K.; Reyes, A.; Díaz, O. Immunocompetent adults hospitalized for a community-acquired pneumonia:
Serum C-reactive protein as a prognostic marker. Rev. Med. Chil. 2019, 147, 983–992.

14. Örtqvist, A.; Hedlund, J.; Wretlind, B.; Carlström, A.; Kalin, M. Diagnostic and prognostic value of interleukin-6 and C-reactive
protein in community-acquired pneumonia. Scand J. Infect. Dis. 1995, 27, 457–462. [CrossRef]

15. Fine, M.J.; Pratt, H.M.; Obrosky, D.S.; Lave, J.R.; McIntosh, L.J.; Singer, D.E.; Coley, C.M.; Kapoor, W.N. Relation between length
of hospital stay and costs of care for patients with community-acquired pneumonia. Am. J. Med. 2000, 109, 378–385. [CrossRef]

16. Youden, W.J. Index for rating diagnostic tests. Cancer 1950, 3, 32–35. [CrossRef]
17. Seligman, R.; Ramos-Lima, L.F.; Oliveira, V.; Sanvicente, C.; Pacheco, E.F.; Dalla Rosa, K. Biomarkers in community-acquired

pneumonia: A state-of-the-art review. Clinics 2012, 67, 1321–1325. [PubMed]
18. Woodhead, M.; Blasi, F.; Ewig, S.; Garau, J.; Huchon, G.; Ieven, M.; Ortqvist, A.; Schaberg, T.; Torres, A.; van der Heijden, G.; et al.

Guidelines for the management of adult lower respiratory tract infections–full version. Clin. Microbiol. Infect. 2011, 17, E1–E59.
[CrossRef] [PubMed]

19. Kruger, S.; Welte, T. Biomarkers in community-acquired pneumonia. Expert Rev. Respir. Med. 2012, 6, 203–214.
20. Andersen, S.B.; Baunbæk Egelund, G.; Jensen, A.V.; Peterson, P.T.; Rohde, G.; Ravn, P. Failure of CRP decline within three days of

hospitalization is associated with poor prognosis of Community-acquired Pneumonia. Infect. Dis. 2017, 49, 251–260.
21. Andersen, S.; Baunbæk-Knudsen, G.L.; Jensen, A.V.; Petersen, P.T.; Ravn, P. The prognostic value of consecutive C-reactive protein

measurements in community acquired pneumonia. Eur. Respir. J. 2015, 46, 2577.
22. Krüger, S.; Ewig, S.; Kunde, J.; Hartmann, O.; Marre, R.; Suttorp, N.; Welte, T. Assessment of inflammatory markers in patients

with community-acquired pneumonia—Influence of antimicrobial pre-treatment: Results from the German competence network
CAPNETZ. Clin. Chim. Acta 2010, 411, 1929–1934. [CrossRef] [PubMed]

23. Cillóniz, C.; Polverino, E.; Ewig, S.; Aliberti, S.; Gabarrús, A.; Menéndez, R.; Mensa, J.; Blasi, F.; Torres, A. Impact of Age and
Comorbidity on Cause and Outcome in Community-Acquired Pneumonia. Chest 2013, 144, 999–1007. [CrossRef] [PubMed]

24. Raut, M.; Schein, J.; Mody, S.; Grant, R.; Benson, C.; Olson, W. Estimating the Economic Impact of a Half-Day Reduction in Length
of Hospital Stay Among Patients with Community-Acquired Pneumonia in the US. Curr. Med. Res. Opin. 2009, 25, 2151–2157.
[CrossRef] [PubMed]

25. Farah, R.; Khamisy-Farah, R.; Makhoul, N. Consecutive Measures of CRP Correlate with Length of Hospital Stay in Patients with
Community-Acquired Pneumonia. Isr. Med. Assoc. J. 2018, 20, 345–348.

http://doi.org/10.1080/21645515.2017.1264782
http://www.ncbi.nlm.nih.gov/pubmed/27924681
http://doi.org/10.1111/j.1469-0691.2012.03937.x
http://doi.org/10.1172/JCI200318921
http://doi.org/10.4049/jimmunol.1900172
http://doi.org/10.1016/j.jcrc.2012.09.012
http://doi.org/10.1016/j.amjmed.2007.10.033
http://doi.org/10.1183/23120541.00014-2019
http://www.ncbi.nlm.nih.gov/pubmed/30863773
http://doi.org/10.1186/cc11291
http://www.ncbi.nlm.nih.gov/pubmed/22449513
http://doi.org/10.1186/cc6105
http://doi.org/10.3109/00365549509047046
http://doi.org/10.1016/S0002-9343(00)00500-3
http://doi.org/10.1002/1097-0142(1950)3:1&lt;32::AID-CNCR2820030106&gt;3.0.CO;2-3
http://www.ncbi.nlm.nih.gov/pubmed/23184211
http://doi.org/10.1111/j.1469-0691.2011.03672.x
http://www.ncbi.nlm.nih.gov/pubmed/21951385
http://doi.org/10.1016/j.cca.2010.08.004
http://www.ncbi.nlm.nih.gov/pubmed/20699094
http://doi.org/10.1378/chest.13-0062
http://www.ncbi.nlm.nih.gov/pubmed/23670047
http://doi.org/10.1185/03007990903102743
http://www.ncbi.nlm.nih.gov/pubmed/19601711

	Introduction 
	Materials and Methods 
	Study Design and Population 
	Statistical Analysis 

	Results 
	CAP Survival 
	CAP Hospital Length of Stay 

	Discussion 
	References

