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Abstract

Objective: The main purpose of this study was to investigate serum an-
giotensin-converting enzyme (ACE) activity levels in pediatric patients
diagnosed with community-acquired pneumonia (CAP) and healthy
controls and to determine the link between serum ACE activity and white
blood cells (WBC), neutrophil (NEU) and C-reactive protein (CRP) levels.

Material and Methods: Children aged between 1 month-13 years
were included in the study. The diagnosis of CAP was based on clinical
symptoms- such as cough, sputum, fever or chills, tachycardia, tachypnea,
chest retractions, pulmonary auscultation findings- and radiographic
evidence of alveolar infiltration or consolidation. The CAP group was
further classified as bacterial (n= 50) or viral (n=31) and compared with
healthy controls (n= 54). Serum ACE activity, WBC, NEU, and CRP levels
were measured.

Results: There were significant differences between the patients with
CAP and healthy controls in serum ACE activity, WBC count, NEU count,
and CRP level (p=0.036, <0.001, <0.001, and 0.022, respectively). Howev-
er, no significant difference in serum ACE activity was found among the
three groups. No correlation was observed between serum ACE activity
and age, WBC, NEU, or CRP levels. The area under the ROC curve for se-
rum ACE activity in predicting CAP was 0.60 (95% Confidence interval:
0.51-0.70, p= 0.035).

Oz

Giris: Bu calismanin temel amaci, toplum kokenli pndmoni (TKP) tanisi
alan pediyatrik hastalarda ve saglikli kontrollerde serum anjiyotensin
dondstlriict enzim (ACE) aktivite dlizeylerini arastirmak ve serum ACE
aktivitesi ile l6kosit (WBC), nétrofil (NEU) ve C-reaktif protein (CRP)
dizeyleri arasindaki iliskiyi belirlemektir.

Gereg ve Yontemler: Calismaya 1 ay-13 yas arasindaki ¢ocuklar dahil
edilmistir. Toplum kdkenli pndmoni tanisi; oksiriik, balgam, ates veya
lsime-titreme, tasikardi, takipne, gogus cekilmeleri, akciger oskul-
tasyon bulgulari gibi klinik semptomlara ve alveoler infiltrasyon veya
konsolidasyonu gdsteren radyografik kanitlara dayandiriimistir. Toplum
kokenli pndmoni grubu bakteriyel (n=50) ve viral (n=31) olarak alt grup-
lara ayrilmig ve saglkh kontrollerle (n= 54) karsilastinlmistir. Serum ACE
aktivitesi, WBC, NEU ve CRP duzeyleri 6l¢timstur.

Bulgular: Toplum kdkenli pndmonili hastalar ile saglikli kontroller ara-
sinda serum ACE aktivitesi, WBC sayisi, NEU sayisi ve CRP diizeyi acI-
sindan anlamli fark saptanmistir (sirastyla p= 0.036, <0.001, <0.001 ve
0.022). Ancak l¢ grup arasinda serum ACE aktivitesi acisindan anlamli
fark bulunmamistir. Serum ACE aktivitesi ile yas, WBC, NEU veya CRP di-
zeyleri arasinda korelasyon gézlenmemistir. Toplum kdkenli pnémoniyi
ongormede serum ACE aktivitesinin ROC egrisi altindaki alani 0.60 (%95
Glven araligi: 0.51-0.70, p= 0035) olarak bulunmustur.
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Conclusion: Serum ACE activity can distinguish CAP patients from
healthy controls. However, it is not an effective marker for differentiat-
ing between viral and bacterial pneumonia. In addition, each laboratory
should establish its own reference interval for serum ACE activity based
on the analytical method employed and the relevant age groups.

Keywords: Angiotensin-converting enzyme, community-acquired pneu-
monia, children, differential diagnosis

Introduction

The role of serum angiotensin-converting enzyme (ACE)
in the regulation of blood pressure and electrolyte homeosta-
sis is well established. Although ACE is found in many tissues
and cell types, it is predominantly expressed on the surface
of epithelial cells in the lungs, intestines, kidneys, and blood
vessels (1,2). When blood pressure decreases, the renin-angi-
otensin-aldosterone system is activated, leading to the secre-
tion of renin from the kidneys. Renin catalyzes to conversion
of angiotensinogen to angiotensin-I. Subsequently, angio-
tensin | is converted to its highly active form, angiotensin II,
by the action of ACE. Angiotensin Il induces vasoconstriction
and stimulates aldosterone release, resulting in an increase in
blood pressure (3). Following this reaction, ACE expressed in
the endothelium is released into the circulation.

Community-acquired pneumonia (CAP) is one of the most
common diseases of the childhood worldwide and is char-
acterized by acute inflammation of the lung parenchyma in
response to infectious agents such as bacteria and viruses (4-
6). CAP presents clinically with high fever, signs of respiratory
distress, laboratory evidence of infection, and parenchymal in-
volvement, which are identified through physical examination
and/or chest radiography (6,7).

Numerous studies have examined serum ACE levels in lung
diseases such as sarcoidosis, pneumonia, and acute respirato-
ry distress syndrome (8-12). Three primary hypotheses have
been proposed to explain the decrease in serum ACE activi-
ty during pneumonia (9). The first suggests that the inflamed
pulmonary vascular endothelium produces and releases low-
er amounts of the enzyme. The second hypothesis posits that
the demand for angiotensin Il increases during pneumonia in
order to maintain pulmonary homeostasis. The third hypothe-
sis involves the presence of ACE-inhibiting compounds—such
as nitric oxide, nitric oxide-releasing compounds, or reactive
oxygen species—that may circulate during pneumonia.

In this study, we aimed to evaluate the utility of serum ACE
activity in distinguishing pediatric patients diagnosed with
CAP from healthy children, using routine examinations and
tests performed at hospital admission. Additionally, we sought
to investigate the role of serum ACE activity in the differential
diagnosis of CAP. Secondary objectives included determining
the cut-off value for serum ACE activity and assessing its cor-
relation with white blood cell (WBC) count, neutrophil (NEU)

Sonug: Serum ACE aktivitesi, TKP hastalarini saglikli kontrollerden ayirt
edebilmektedir. Bununla birlikte, viral ve bakteriyel pndmoniyi ayirt et-
mede etkili bir belirte¢ degildir. Ayrica, her laboratuvar kullandigi analitik
yonteme ve ilgili yas gruplarina gére serum ACE aktivitesi icin kendi refe-
rans araligini belirlemelidir.

Anahtar Kelimeler: Anjiyotensin donistlriici enzim, toplum kokenli
pndmoni, cocuk hasta, ayirici tani

count, and C-reactive protein (CRP) in the context of CAP di-
agnosis.

Materials and Methods
Study design and population

This study was conducted at XXX Training and Research
Hospital, YYY, Tirkiye, with the approval of the local Ethics
Committee (approval no: xxx) and in accordance with the prin-
ciples of the Declaration of Helsinki. Written informed consent
was obtained from all patients or their legal guardians. The
study population consisted of individuals of white-Caucasian
ethnicity.

This was a prospective observational study conducted be-
tween October 2021 and March 2022 in the Department of
Pediatrics. Children aged 1 month to 13 years who were hos-
pitalized with symptoms suggestive of CAP were included,
along with a control group of healthy children presenting to
the outpatient clinic for routine health evaluations.

The diagnosis of CAP was established based on previous-
ly published guidelines, considering clinical symptoms such
as cough, sputum production, fever or chills, tachycardia,
tachypnea, chest retractions, pulmonary auscultation find-
ings, and radiographic evidence of alveolar infiltration or con-
solidation consistent with CAP (7,13,14). All X-ray images were
interpreted by a radiologist blinded to the children’s diagno-
ses. The radiologist classified the X-ray images as compatible
with bacterial/viral pneumonia or both conditions. Based on
these findings, patients were categorized as having either viral
or bacterial pneumonia, and appropriate treatment was initi-
ated accordingly.

According to the Turkish Thoracic Society Consensus Re-
port on the Diagnosis and Treatment of CAP in Children, di-
agnostic investigations to identify the causative pathogen
are recommended only for hospitalized patients (15). Since all
patients in our study were outpatients who presented to the
pediatric clinic and were followed up on an outpatient basis,
neither sputum cultures nor respiratory viral PCR panels were
performed.

Subjects with chronic diseases, malignancies, regular med-
ication use (ACE inhibitors, angiotensin Il receptor blockers or
immunosuppressive therapy including systemic corticoster-
oids), or a history of hospitalization within the past 30 days
were excluded from the study.
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Sample collection

At the time of admission, 2 mL of venous blood was rou-
tinely collected into K2EDTA tubes (BD Diagnostics, Franklin
Lakes, NY, USA) for complete blood count (CBC) analysis and
into gel-separated serum tubes (Vacutainer® SST™ Il Plus, BD
Diagnostics, Franklin Lakes, NY, USA) for biochemical exami-
nation. Serum samples were obtained by centrifugation at
2500 g for 15 minutes at 4 °C within one hour of venipuncture.
Residual serum from the biochemistry analysis was aliquot-
ed into microtubes for measurement of serum ACE activity.
Hemolytic, lipemic, and icteric samples were excluded based
on LIH index analysis.

One study demonstrated that serum ACE activity remains
stable for only up to one week when stored at -20 °C (16). Oth-
er studies have reported that serum or plasma ACE activity
generally remains stable for several months or years at -20 °C;
however, freezing and thawing serum or storing it at-70 °C can
increase ACE activity by approximately 15% (17,18). Therefore,
in this study, samples were stored at -20 °C for a maximum of
one week and were thawed and analyzed.

Analytical measurements

CBC and biochemistry analyses were performed on the
day of admission. WBC and NEU counts were measured based
on flow cytometry method using the semi-conductor laser
beam on the Sysmex XN 3000 instrument (Sysmex Co., Kobe,
Japan). CRP levels were measured by the particle-enhanced
immunoturbidimetric method on Roche Cobas 8000 autoana-
lyzer (Roche Diagnostics, Indianapolis, IN, U.S.A.).

Serum ACE activity was measured using Roche Cobas
c501autoanalyzer (Roche Diagnostics, Indianapolis, IN, U.S.A.)
with ACE reagents supplied by BEN Biochemical Enterprise
(Milan, Italy). ACE activity was determined by the kinetic colori-
metric method using FAPGG (N- (3-(2-furyl)acryloyl)-L-phenyla-
lanylglycylglycine) as the substrate. The decrease in absorbance
of FAPGG at 340 nm and 37 °C per unit time is proportional to
the ACE activity in the sample. Interferences for triglyceride,
hemoglobin and bilirubin are constant for up to 1000 mg/dL,
300 mg/dL and 20 mg/dL, respectively. Calibration and internal
quality control studies for serum ACE activity were performed
prior to analysis. According to the manufacturer, limit of detec-
tion is 2.6 IU/L and method linearity is up to 150 IU/L. The man-
ufacturer’s reference interval is 8--2 IU/L. The intra-assay coef-
ficient of variation (CV) is 1.3%, and the inter-assay CV is 2%.

Statistical analysis

Data were analyzed using the Statistical Package for the
Social Sciences (SPSS) version 29.0 (IBM Corp., Armonk, NY,
USA) and GraphPad Prism (version 10; GraphPad Software,
Boston, MA, USA). Kolmogorov- Smirnov test was used to as-
sess distribution of clinical data. As all variables were non-nor-
mally distributed, results are presented as median and range.

The Mann-Whitney U test was used to compare medians of
WBC, NEU, serum ACE activity, CRP levels and age between pa-
tients with pneumonia and control group. The Kruskal-Wallis
test was employed to compare these parameters among the
bacterial pneumonia, viral pneumonia, and control groups.
Pairwise comparisons were performed using the Mann-Whit-
ney U test with Bonferroni correction to adjust for multiple
comparisons. Spearman correlation analysis was conducted
to examine the relationship between serum ACE activity and
other parameters. For multivariate analysis, logistic regression
analysis was performed to identify independent predictors of
pneumonia diagnosis. Receiver operating characteristic (ROC)
analysis was conducted to evaluate the sensitivity and speci-
ficity of serum ACE activity in predicting pneumonia.

Results

A total of 140 children (72 boys and 68 girls) were initially
enrolled in the study. However, four boys and one girl were
excluded due to not meeting the inclusion criteria or insuffi-
cient blood sample availability. Consequently, the final analy-
sis included 135 children (68 boys and 67 girls), aged 1T month
to 13 years (median age: 2 years). Among these, 54 (40%)
children were classified as healthy controls, while 81 (60%)
children were diagnosed with pneumonia, comprising 31
with viral pneumonia (23%) and 50 with bacterial pneumonia
(37%). Mean body temperature of the participants was 38.2 °C
(standard deviation= 1.0; range: 35.6-41.0 °C).

Demographic and laboratory data of the patients diag-
nosed with pneumonia and the control group are present-
ed in Table 1. There were significant differences between the
pneumonia and control groups in terms of serum ACE activ-
ity, WBC count, NEU count, and CRP level (p= 0.036, <0.001,
<0.001, and 0.022, respectively). WBC count, NEU count, and
CRP level were significantly higher in patients with pneumo-
nia, whereas serum ACE activity was significantly lower in this
group (Figure 1). There was no significant difference in age
between the two groups. Additionally, when age, WBC, NEU,
CRP level, and serum ACE activity were compared by sex, no
significant differences were observed between boys and girls.

Patients diagnosed with pneumonia were further classified
as having either bacterial or viral pneumonia and compared
with the control group. There was no significant difference in
serum ACE activity among the three groups (Figure 2). Analy-
sis of WBC count, NEU count, and CRP levels revealed signifi-
cant differences between the bacterial and viral pneumonia
groups, as well as between the bacterial pneumonia and con-
trol groups; however, no significant difference was observed
between the viral pneumonia and control groups (Table 1).

Correlations between serum ACE activity and age, WBC
count, NEU count, and CRP level were evaluated separately,
and no significant correlations were identified. In contrast, a
very strong positive and significant correlation was observed
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Table 1. Demographic data and comparison of the groups

Bacterial Viral
Control Group Pneumonia Pneumonia Pneumonia
(n=54) (n=81) p (n=50) (n=31) p* pabe

Sex

Girls 29 38 26 12

Boys 25 43 24 19
Age (year) 2.0 20 0.501 2.0 15 0.123 NS, NS, NS

(3 month-12 years) | (1 month-13 years) (1 month-13 years) | (1 month-7 years)

WBC count (10%L) 8.62 (3.6-16.9) 12.0 (44-28.4) <0.001 13.7 (44-28.4) 2 (4.9-19.7) <0.001 | <0.001, NS, 0.000
NEU count (10%L) 3.35(0.72-10.1) 5.7 (1.0-19.5) <0.001 8.1(1.2-19.5) 1(1.0-125) <0.001 0.000, NS, 0.000
CRP (mg/L) 2.54 (0.1-68.8) 5.2(0.1-182) 0.022 6.5(0.1-182) 6(0.2-21.8) 0.002 0.003, NS, 0.018
Serum ACE activity (IU/L) | 429 (12.6-116.5) 36.9 (9-133.7) 0.036 38(9-133) 29.5(9.4-103.9) 0.065 NS, NS, NS
Data are given as median (minimum-maximum). Values in boldface indicate statistical significance (p< 0.05).
* indicates Kruskal- Wallis test for control, bacterial pneumonia and viral pneumonia groups. #*< indicate Mann-Whitney U test for control-bacterial pneumonia, control-viral
pneumonia and bacterial-viral pneumonia groups, respectively. Significance values have been adjusted by the Bonferroni correction for multiple tests.
WBC: White blood cell, NEU: Neutrophil, CRP: C-reactive protein, ACE: Angiotensin converting enzyme, NS: Non-significant.
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Figure 1. Serum ACE activity levels for control and pneumonia group.

between WBC and NEU counts (r= 0.81, p< 0.001). Weak but
significant correlations were found between age and NEU
count (r= 0.30, p< 0.001), CRP and WBC count (r= 0.25, p<
0.001), and CRP and NEU count (r= 0.34, p< 0.001). Detailed
correlation data are presented in Table 2.

Area under the ROC curve (AUC) for serum ACE activity to
predict pneumonia was 0.60 [95% confidence interval (Cl):
0.51-0.70, p= 0.035] (Figure 3). The optimal cut-off value was
determined as 44.4 |U/L, with a sensitivity of 69.1% and a spec-
ificity of 50.9%. The positive likelihood ratio was calculated as
1.41, and the negative likelihood ratio was 0.61.

Figure 2. Serum ACE activity levels for control, bacterial and viral pneu-
monia group.

Logistic regression analysis was performed to assess the
association of age, WBC count, NEU count, CRP, and serum
ACE activity with the diagnosis of pneumonia. WBC count
demonstrated a statistically significant association (p= 0.033),
but the odds ratio was 1. None of the variables were identified
as significant independent predictors. The multivariate model
predicted pneumonia with an accuracy of 66.7%, whereas se-
rum ACE activity alone showed a predictive accuracy of 58.5%.
Detailed results of the logistic regression analysis are present-
ed in Table 3.
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Table 2. Spearman’s rho correlations between parameters

Age WBC NEU CRP ACE

Age Spearman’s | 1.000

rhor
WBC count | Spearman’s | .070 | 1.000

rhor
NEU count | Spearman’s | .300 | .811 1.000

rhor
CRP Spearman’s | -013 | .252 .338 1.000

rhor
Serum ACE | Spearman’s | -.110 036 -030 069 1.000
activity rhor
Bold values indicate a significant correlation between the two parameters
(p< 0.001).
WBC: White blood cell, NEU: Neutrophil, CRP: C-reactive protein, ACE: Angiotensin
converting enzyme, r: Correlation coefficient.

Table 3. Logistic regression model for predicting pneumonia

p OR 95% Cl for OR
Age 343 932 (0.806-1.078)
WBC count .033 1.000 (1.000-1.000)
NEU count 541 1.000 (1.000-1.000)
CRP 496 1.008 (0.985-1.032)
Serum ACE activity 151 988 (0.971-1.005)
Constant 051 231

Values in boldface indicate statistical significance (p< 0.05).
WBC: White blood cell, NEU: Neutrophil, CRP: C-reactive protein, ACE: Angiotensin
converting enzyme, Cl: Confidence interval, OR: Odds ratio.
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Figure 3. The ROC curve for ACE activity.
AUC for serum ACE activity to predict pneumonia was 0.60 (95% Cl: 0.5-
0.70, p=0.035).

Discussion

Pneumonia is one of the most common diseases in the
childhood. In this study, we explored the potential role of se-
rum ACE activity as a biomarker to distinguish children with
CAP from healthy peers and to differentiate between bacte-
rial and viral etiologies. Serum ACE activity was found to be
significantly reduced in patients with pneumonia compared
to healthy controls, consistent with the findings of previous
studies (12,19). However, its ability to independently discrim-
inate disease status was limited. Although ACE activity was
also lower in viral pneumonia than in bacterial pneumonia,
this difference did not reach statistical significance. Notably,
when ACE activity was evaluated in combination with inflam-
matory markers such as WBC count, NEU count, and CRP, an
improvement in overall diagnostic accuracy was observed.
This suggests that ACE may have potential as a complemen-
tary marker within a multiparametric diagnostic approach,
rather than serving as a standalone indicator.

Only a limited number of studies have evaluated the rela-
tionship between serum ACE activity levels and pneumonia,
and these have primarily involved adult patients (9,12,20,21).
Although several studies have investigated serum ACE activi-
ty in pediatric populations, none have specifically focused on
pediatric patients with pneumonia (22-24).

In the study by van de Gerde et al,, a significant decrease
in serum ACE activity was observed during episodes of pneu-
monia, with levels returning to the reference range during re-
covery (21). The reduction in ACE activity was similar between
the bacterial and viral pneumonia groups, with mean serum
ACE activities at admission for both groups reported as 29
IU/L. In our study, serum ACE activity at admission was 29.5
IU/L in patients with viral pneumonia and 38 IU/L in those with
bacterial pneumonia. Although serum ACE activity was lower
in the viral pneumonia group than in the bacterial pneumonia
group, the difference was not statistically significant. Howev-
er, it should be noted that the study by van de Gerde et al. was
conducted in adult patients, which limits direct comparability
with our pediatric population. In contrast, the study by Abou-
zeid et al. involving pediatric CAP patients reported that the
mean ACE activity in healthy controls and CAP patients was
significantly different, at 58 £ 12.6 IU/L and 36.7 = 9.4 IU/L, re-
spectively. These findings are consistent with both the results
and the age range of subjects in our study (19).

In studies involving adult patients with SARS-CoV-2 pneu-
monia, no significant difference in serum ACE activity was
observed between patients and healthy individuals (25,26).
Guler et al. have reported median serum ACE activities of 38.0
IU/L in patients and 32.0 IU/L in controls (25). On the other
hand, Henry et al. have found median values of 41.1 IU/L in
patients and 42.9 IU/L in controls (26). In our study, median
serum ACE activities for patients with viral pneumonia and
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healthy controls were 29.5 IU/L and 42.9 IU/L, respectively.
Consistent with these studies, we did not observe a significant
difference between the two groups; however, the serum ACE
activity in our patients with viral pneumonia was lower than
that reported in the aforementioned studies.

Children and adolescents have higher serum ACE activity
compared to adults (23,24). Using a FAPGG-based enzymatic
activity assay, one study reported plasma ACE levels ranging
from 13 to 100 IU/L in children (6 months to 17 years), and
from 9 to 67 IU/L in adults (27). In another study conducted
by Rodriguez et al.,, serum ACE activity was found to be 46.7
+ 11.93 IU/L in children (0 month to 15 years) and 32.1 + 8.53
IU/L in adults, using a different method (23). Bénéteau-Burnat
et al. compiled adult ACE reference intervals (Rls), and recom-
mended standardizing measurement conditions- specifically,
using FAPGG as the substrate at a concentration of 0.8-1.0
mmol/L, a wavelength of 340 nm and HEPES-pH 8.2 buffer,
with appropriate differential absorptivity established for each
device (17). Similarly, in our measurement, the wavelength
used was 340 nm and the FAPGG substrate concentration
specified in the kit insert >0.25 mmol/L.

Muller summarized studies on serum ACE activities meas-
ured using the FAPGG substrate, highlighting the variability
of Rls (28). This variability has been attributed to the influence
of ACE insertion (l)/deletion (D) genetic polymorphism and
differences in testing protocols (28,29). As a result, there are
various methods and reagents for measuring ACE activity, and
applying a single Rl instead of ACE I/D specific Rls may reduce
the precision of ACE activity interpretation (29-32). Conse-
quently, Rls differ among studies, and standardization for this
test has not been achieved (17,29). Therefore, each laboratory
should establish its own Rls for serum ACE activity.

This study has several limitations. First, blood and/or spu-
tum cultures and respiratory viral PCR panel were not used to
distinguish between bacterial and viral pneumonia, as these
diagnostic tests are not required for outpatients; diagnoses
were made based on clinical and radiological findings evalu-
ated by a pediatrician. In addition, we did not include other
relevant biomarkers such as angiotensin Il, ACE protein, or
procalcitonin. Second, data were limited to samples collect-
ed at the time of hospital admission, focusing solely on dif-
ferential diagnosis. Clinical course and prognostic outcomes
were not assessed. Follow-up measurements of serum ACE ac-
tivity, WBC count, NEU count, and CRP levels after treatment
were also unavailable due to sample limitations in pediatric
patients. Third, participants were not genotyped for the ACE
insertion/deletion polymorphism, which may influence serum
ACE activity. Finally, median age of the participants was two
years, which limits the generalizability of our findings to old-
er children. Future studies including a broader pediatric age
range are needed to validate our results across different de-
velopmental stages.

Conclusion

In conclusion, our study is notable as one of the few to
evaluate serum ACE activity in pediatric patients with pneu-
monia. Although serum ACE activity was significantly reduced
in patients with pneumonia compared to healthy controls, it
was not sufficient to distinguish between bacterial and viral
pneumonia. Additionally, since serum ACE activity differs from
adult values and can vary according to the method used and
age groups, each laboratory should establish its own refer-
ence interval.
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