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 Abstract
Community-Acquired Pneumonia (CAP) poses a major clinical challenge, with atypical pathogens contrib-
uting to a notable percentage of cases. Early identification of Legionella is essential for prompt therapeutic 
intervention. The Urinary Antigen Test (UAT), which targets Legionella pneumophila serogroup 1, stands 
out as a widely used and advantageous method for Legionella diagnosis due to its simplicity and ability to 
detect the pathogen even after antibiotic therapy.

Traditional biomarkers lack specificity in distinguishing between viral and bacterial infections. The neu-
trophil cluster of differentiation 64 (nCD64), which is recognized as a sensitive marker for bacterial sepsis, 
holds promise in CAP diagnosis and severity assessment.

This study delved into variations in nCD64 values within Legionella and Streptococcus pneumoniae sub-
groups, offering insights into their diagnostic potential. From January 2021 to November 2023, we included 
121 CAP patients with positive UAT for Legionella (LP) or Streptococcus Pneumoniae (SP). LP patients ex-
hibited significantly higher nCD64 levels, indicating species-specific activation. Despite certain limitations, 
this study underscores the diagnostic significance of nCD64, especially in Legionella infections. Future re-
search should explore its role alongside Legionella UAT, potentially influencing antibiotic stewardship in 
CAP management.
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Introduction

 Community-Acquired Pneumonia (CAP) is a prominent cause of mortality and morbidity with im-
portant clinical impact across the globe. Bacteria of the genus Legionella sp are important causative agents 
comprising over 50 species and 64 serogroups. Legionella pneumophila species cause approximately 90% 
of Legionella infections, Legionnaires’ disease, and nosocomial pneumonia [1,2]. Serogroup 1 of Legionella 
pneumophila is considered responsible for most reported cases of Legionella infections. Among the typical 
bacteria, Streptococcus pneumoniae is the most common cause of CAP.

 The Urinary Antigen Test (UAT) is widely used for the microbiological diagnosis of Legionella and 
Streptococcus pneumoniae infections, while culture remains the diagnostic gold standard despite the limi-
tations imposed by the time required for identification and the potential interference of prior antibiotic 
therapy.

 Several established biomarkers (e.g. C-Reactive Protein (CRP), leukocyte count, and procalcitonin) 
are employed to assist emergency physicians in narrowing down possible diagnoses. However, many stud-
ies have demonstrated that they are not able to differentiate between bacterial infections, especially for 
some types of pathogens [3,4].

 In the absence of specific biomarkers, various non-specific laboratory abnormalities are associated 
with Legionella CAP. These abnormalities include otherwise unexplained hyponatremia, hypophosphate-
mia, mildly elevated serum transaminases, elevated creatine phosphokinase, markedly elevated C-reactive 
protein, or microscopic hematuria [5,6]. In a short case series [7], all 14 hospitalized patients with Le-
gionella CAP exhibited significantly elevated (twelve times the normal value) serum ferritin levels (range 
396-5990 ng/mL). In another study, Higa et al. [8] demonstrated that serum levels of IFN-gamma (Th1 
cytokines) were elevated in patients with Legionella pneumonia, while levels of IL-4 and IL-10 were not 
increased in these patients.

 Recently, neutrophil cluster of differentiation 64 (nCD64), also referred as high-affinity immuno-
globulin Fc- receptor I (FcγR1), has emerged as a sensitive and specific marker for the diagnosis of sepsis 
due to bacterial infections. It has also been shown to be effective in differentiating sepsis from non-septic 
conditions [9].

 This new biomarker is upregulated after exposure to proinflammatory cytokines such as IFN-γ or 
bacterial cell wall components such as Lipopolysaccharide (LPS) and shows good sensitivity and specific-
ity for the diagnosis of sepsis caused by bacterial infections [9,10]. In the context of CAP, nCD64 has been 
demonstrated to be useful for diagnosing bacterial infection and is associated with disease severity, but its 
exact role remains to be elucidated [11-13].

 At present, it is still unclear whether and how nCD64 values differ in cases of streptococcal pneumo-
nia or Legionella pneumonia detected by positive urinary antigens in the emergency department. There-
fore, we tried to investigate whether the nCD64 value varies within these two subgroups.
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Patients and Methods

 From January 2021 to November 2023, we conducted a retrospective investigation in our 800-bed 
Healthcare Authority, which includes Pordenone and San Vito al Tagliamento Hospitals in northeastern 
Italy.

          We collected cases of confirmed CAP (diagnosed by the ED attending physician based on clinical, 
biological, and radiological findings) in which UAT was positive for either S. pneumoniae (SP group) or Le-
gionella (LP group). Patients under the age of 18 were excluded. In our EDs, laboratory investigations for 
suspected respiratory infections and sepsis include the determination of nCD64 as part of the diagnostic 
work-up together with the leukocyte count, CRP, Procalcitonin (PCT), and UAT for S. pneumoniae and Le-
gionella.

 Consent to use personal clinical data was obtained from all participants in accordance with Italian 
law. Data were anonymized before storage and analysis. The study followed international and national 
regulations in accordance with the Declaration of Helsinki.

 Urinary antigen testing: Urine samples were analyzed with STANDARD F Legionella and S. pneu-
moniae Ag FIA from SD Biosensor (Gyeonggi, South Korea). Fluorescence immunodiagnosis STANDARD 
F is a fluorescence immunodiagnostic system that can perform a variety of qualitative and quantitative 
diagnoses and provide accurate diagnostic results. Briefly, STANDARD F Legionella Ag FIA is based on im-
munofluorescence technology with STANDARD F Analyzer for detecting Legionella pneumophila serogroup 
1 antigen. STANDARD F S. pneumoniae Ag FIA is a fluorescence immunoassay for qualitatively detecting 
S. pneumoniae Capsular Polysaccharide (CPS) antigen present in urine samples from patients with respi-
ratory symptoms. The intensity of the fluorescent light generated on the membrane is scanned with the 
STANDARD F Analyzer from SD BIOSENSOR. The STANDARD F Analyzer can analyze the presence of the 
analyte in the clinical sample by processing the results using pre-programmed algorithms and displaying 
the test result on the screen.

 Flow cytometry procedures: A rapid and simple whole blood flow cytometry assay was performed, 
combining the measurement of CD64 on neutrophils and CD169 on monocytes to differentiate between 
bacterial and viral causes of systemic infections, respectively. Briefly, a 10 μL EDTA whole blood sample was 
simultaneously lysed with 500 μL VersaFix lysis solution (Beckman Coulter, Hialeah, FL) and stained with 
5 μl CD45KO and 10 μL IO Test Myeloid Activation antibody cocktail (Beckman Coulter) containing three 
markers: anti-CD169-PE (clone 7-239), anti-CD64-PB (clone 22), anti-HLA-DR-APC (clone Immu357). Af-
ter a 15-minute incubation at room temperature in the dark, the samples were immediately analyzed on 
a Navios EX flow cytometer with three lasers and 10 colors (Beckman Coulter) according to a compensa-
tion-free protocol and evaluated using Kaluza software version 2.1.1 (Beckman Coulter). For data analysis, 
leukocytes were categorized as lymphocytes (low SSC CD64−), monocytes (intermediate SSC CD64+), and 
neutrophils (high SSC) based on side scatter (SSC) vs. cluster of differentiation (CD45) positive, CD64 ex-
pression. The Median Fluorescence Intensity (MFI) of CD64 expression on neutrophil to lymphocyte ratio 
(nCD64) and the MFI of CD169 expression on monocyte to lymphocyte ratio (CD169) were calculated. The 
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threshold values were 3.51 for the CD169 ratio and 4.59 for nCD64 to discriminate between acute viral and 
bacterial infections.

 Statistical analysis: The demographic and clinical characteristics of the sample were described us-
ing descriptive statistical techniques. Categorical data were presented as absolute values and percentages 
and analyzed using Pearson’s chi-square test. Quantitative variables were summarized by the following 
measures: Value, Range, Mean and Standard Deviation. Changes in quantitative variables were analyzed 
using the Mann-Whitney U-test.

Results

 We obtained clinical and laboratory data from 121 patients with positive UAT and confirmed CAP. 
The UAT was positive for Legionella (LP) in 19 patients and for S. pneumoniae (SP) in 102 patients.

 Table 1 shows the clinical characteristics and laboratory values. The patients in the LP group were 
significantly younger, while those with SP were older and showed a wider age range.

 In all patients of the LP group, the nCD64 value was above the cut-off limit of 4.6, while a signifi-
cant proportion of confirmed S. pneumoniae CAP (43%) displayed values below the positivity limit (Figure 
1). The mean nCD64 value was significantly higher in the LP group than in the SP group (p-value<0,001), 
whereas PCT values were higher but not significant in LP patients compared to SP patients (p-value 0.04) 
(Figure 2).

 The rate of ICU admission and the presence of a NEWS2 score greater than 7 upon presentation 
were not significantly different between the two groups.

Discussion

 This study was conducted on patients who presented to the ED with signs of pulmonary infection 
and a positive Legionella or S. pneumoniae urinary antigen test.

Table 1: Characteristics of patients according to UAT positivity.

Variables LP group (n 19) SP group (n 102) p-value

Male (%) 13 (68) 48 (47) 0,08c 

Age, mean (range) 63 (44-94) 76 (30-95) <0,001t

Viral co-infection (positive molecular nasal swab) (%) 0 61 (50%) <0,001

NEWS2 admission >7 (%) 6 (31,6) 38 (37,2) 0,09

ICU admission (%) 3 (15,8) 19 (18,6) 0,09c 

PCT mcg/L, median (IQR) 1,5 (2,18) 1,39 (6,99) 0,04u 

CD64+ ratio, median (IQR) 18,6 (10,05) 5,05 (6,05) <0,001u 

CD64+ >4.6 (%) 19 (100) 58 (57) <0,001c 

The bold p-value means that the associated analysis is statistically significant. t: t-test; u: Mann-Whitney U test; c: Pearson Chi square test.
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Figure 1: Distribution of CD64 values according to UATs. 
Distribution of CD64 values. Empty dots = SP group, Solid dots = LP group. The red line represents nCD64 ratio 4.6, which is 
the cut-off for test positivity.

Figure 2: Box plot distribution of PCT and nCD64 values according to UATs.

 One factor contributing to the differences in nCD64 values could be the range of delays in present-
ing to the emergency department after the onset of symptoms: it has been demonstrated that the up-and 
down-regulation of nCD64 after the infectious insult displays time-dependent kinetics [14]. In this sce-
nario, although precise data on the diagnostic delay from the onset of symptoms are not available, it is 
important to emphasize that all these patients had to be treated in the emergency department due to their 
acute clinical condition. This indeed restricts the presence of confounding factors between the LP and SP 
groups.

 Among the biomarkers used for the diagnosis of pneumonia, studies on Procalcitonin (PCT) have 
shown mixed results regarding possible differences between different pathogens. In the study conducted 
by Franzin, a quantitative assessment of procalcitonin in serum was performed in 140 patients with Legio-
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nella pneumonia [15]. Positive values (>0.5 ng/mL) were found in 73.9% of patients within the first week 
of illness. However, PCT levels have been reported to be significantly higher in patients with typical CAP 
than in atypical CAP: Horie and colleagues conducted an observational study in this regard at a single cen-
ter involving patients with CAP. Thirty-one of the 102 patients included were diagnosed with streptococcal 
pneumonia [16]. The PCT values were significantly higher in individuals with pneumococcal pneumonia 
than those with other bacterial pneumonia (P<0.0001). In multivariable regression analysis, elevated PCT 
levels were significantly associated with pneumococcal etiology, and this association remained after ad-
justment for disease severity and demographic factors.

 In a large study of 1337 patients, Kruger and colleagues also demonstrated that PCT values, along 
with CRP, and WBC were significantly higher in CAP due to classical bacterial pathogens than in atypical 
bacterial or viral pneumonia and increased with increasing disease severity [17]. Jereb and Kotar postulat-
ed that among patients with atypical pneumonia, the highest PCT concentration could be found in patients 
with legionellosis, as immune stimulation and cytokine production properties of Legionella are higher than 
those of other atypical microorganisms [18]. In our study, the difference in PCT between the two groups 
studied seems to be at the limit of significance and therefore not useful for differential diagnosis in a clinical 
setting, which is why PCT can be considered an unreliable diagnostic marker.

 The impact of infections by various pathogens on the upregulation of nCD64 remains uncertain, as 
ex vivo research on this topic has yielded conflicting results. Some authors have reported that infections 
with Gram-negative bacilli induce higher expression of nCD64 compared to other bacterial infections, al-
though there are no consistent findings in this regard [19]. 

 Our case series seems to confirm previous studies that have shown that different microorganisms 
can trigger specific host inflammatory response pathways depending on their peculiar characteristics, 
leading to differential expression of the biomarker nCD64, which could serve diagnostic purposes [20].

 Indeed, we observed an increased expression of nCD64 in the LP group compared to the SP group, 
suggesting a species-specific activation. In fact, during Legionella infection, a strong cytokine response is 
triggered as the first immune defense: in particular, Natural Killer (NK) cells produce high levels of IFN-γ 
in response to infection and subsequent alveolar macrophage apoptosis, which in turn triggers the overex-
pression of CD64 on the surface of neutrophils; this could account for the higher CD64 levels in LP patients 
[21-24]. Based on the data currently available, we cannot conclude with certainty whether hyperactivation 
of nCD64 in patients with negative UAT and high suspicion of Legionella infection warrants second-tier di-
agnostic testing (molecular or cultural), taking into account the patient’s risk factors [25]. Further studies 
are needed to explore this aspect in detail.

 As the reports indicate, there seems to be a difference in nCD64 values related to the different mi-
crobiological isolations and not only to the severity of the disease, as indicated by some studies conducted 
in the ICU setting [26]. Also, in our case series, no significant difference in patients admitted to the ICU was 
found between the two groups in contrast to a significantly higher nCD64 level in the LP group.
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Even if the prognostic role of CD64 is not addressed in our series, it becomes evident, in line with other 
studies, that this biomarker’s diagnostic significance is more compelling [11].

 This study has several limitations. First, the sample size differs between the two groups. Second, we 
lack information on how many patients had previously received antibiotic therapy; these data are crucial 
as antibiotic therapy may negatively impact nCD64 [11,12]. Another limitation is the lack of an LP control 
group with negative UAT. Finally, there is a lack of information on the baseline conditions of the two patient 
groups.

 Biomarker nCD64 should be included in the battery of nonspecific laboratory tests when Legionella 
is a diagnostic consideration for hospitalized patients with CAP. Highly nCD64 levels that are otherwise 
unexplained in hospitalized patients with CAP should suggest Legionnaires disease and should prompt 
specific Legionella diagnostic testing.

 Future studies are needed to assess whether the combination of negative Legionella UAT and nega-
tive CD64 can definitively rule out the diagnosis of Legionella pneumonia. Alternatively, in patients with 
Community-Acquired Pneumonia (CAP), initiating antibiotic therapy with a spectrum directed against Le-
gionella may be reasonable while waiting for the CD64 value. The clinical implication would be the poten-
tial discontinuation of antibiotic therapy for this microorganism in the event of a negative result, leading to 
significant savings in terms of antimicrobial stewardship.
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