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ABSTRACT  

 

Community-Acquired Pneumonia (CAP) remains an important infectious disease due to its 

impact on patient outcomes.  This study aimed to investigate the clinical outcome and especially costs 

of hospitalization for community-acquired pneumonia (CAP) concerning empirical antibiotics. This 

research was conducted to estimate the cost-effectiveness of levofloxacin, ceftriaxone, and a 

combination of ceftriaxone and azithromycin aiming to improve the clinical outcome of CAP. A 

retrospective observational study was conducted in secondary care, University Hospital in Surakarta, 

Central Java, Indonesia. The study enrolled all CAP patients hospitalized in the period January until 

December 2018, with ages ≥ 18 years old, and at least used antibiotic for three days. We compared cost-

effectiveness, as measured by total cost and proportion of patients successfully treated, of 3 empirical 

antibiotics for inpatient CAP, involving ceftriaxone, levofloxacin, or combination ceftriaxone + 

azithromycin. Our analyses were conducted based on a healthcare perspective. In all groups were 

analyzed based on severity classification (Pneumonia Severity Index score). The use of levofloxacin 

instead of ceftriaxone improved clinical response, but it is more expensive. Levofloxacin was the most 

cost-effective based on ACER value. Treatment using a combination of ceftriaxone + azithromycin was 

more expensive without added benefit. Based on this study, the use of levofloxacin as the first-line 

therapy for CAP could be maintained because it was more cost-effective than other alternatives. Since 

the limitations, a study on a broader population is needed to confirm these findings.  
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INTRODUCTION  

Pneumonia as one of the top leading causes diseases in hospitalized patient become a serious 

problem as it’s not handled properly the inflammation process will continue and cause various 

complications (Ramirez et al., 2017; Smith et al., 2021).  Clinicians must balance the need to accurately 

diagnose and treat pneumonia while ensuring that these efforts do not lead to the overuse of antimicrobial 

therapy. Whether drug choices of antibiotics improve patient outcomes or merely add to the financial 

cost, length of stay, and patient discomfort remains to be determined. Rationale empiric antibiotic 

selection is become important, to ensure the success of treatment. Only by minimizing toxicity, pathogen 

selection, and resistance development can the best treatment outcomes be attained (Walger, 2016). 

Antibiotic choice can be influenced by the possibility of etiology, local resistance to pathogenic patterns, 

and patient factor (Ho & Chu, 2009). The selection of rational antibiotic therapy considers some aspects 

such as the right dosage, patient condition, location of the infection, antibiotic sensitivity, 

pharmacokinetics, pharmacodynamics, side effects, and price (Kourkouta et al., 2017). Empiric 

antibiotic therapy is recommended to be given within 4 hours after diagnosis was established (File et al., 

2021). Antimicrobial treatment should be started as soon as possible to enhance the prognosis of 

individuals with serious infections (Ruiz-Ramos et al., 2017). The effectiveness of antibiotics is 

indicated by the improvement of clinical signs and symptoms in 48–72 hours (Wongsurakiat & 

Chitwarakorn, 2019). 

Ceftriaxone is a first-line antibiotic that has been indicated for various infections, including 

CAP. Currently, CAP treatment recommendations propose empiric antibiotic therapy that covers both 

standard and atypical pathogens (Murter et al., 2019). Suggested antibiotics were a combination of beta-

lactam and macrolide or monotherapy of respiratory fluoroquinolone as a standard regimen for inpatient 

pneumonia (Burhan et al., 2020; Metlay et al., 2019).  One of the most popular CAP treatment regimens 

is ceftriaxone (CTX) in combination with azithromycin (AZH); nevertheless, studies demonstrate that 

monotherapy is as effective as the combination for the empiric treatment of CAP (Murter et al., 2019). 

Therefore, further investigation regarding the effectiveness of levofloxacin and ceftriaxone alone or in 

combination with azithromycin. 

The main cause of inefficient antibiotic treatment on CAP is experiencing worsening or failure 

of therapy and burdening costs (Wunderink & Yin, 2016). Pneumonia is the most common reason for 

admission to the hospital, in the United States with 1.5 million hospital admissions per year, costing 

between $11,000 and $51,000 per admission (Sato et al., 2013). In Indonesia, the average cost of care 

in one period of hospitalization for each patient diagnosed with CAP is USD 1208, this cost is more 

expensive when compared to Malaysia (USD 927) and the Philippines (USD 254) (Azmi et al., 2016). 

For the last decade, there have been limited reports for Community-Acquired Pneumonia 

evaluating the cost-effectivity of empirical antibiotics. Most presented about the cost-effectiveness 

antibiotic choice culture-based by a specific antimicrobial agent or drug effectivity in Hospital-Acquired 

Pneumonia (McKinnell et al., 2018; Niederman et al., 2014; Ruiz-Ramos et al., 2017). Somehow, several 

presented about burden cost in community-acquired pneumonia only or effectivity antibiotic only 

(Konomura et al., 2017; Kosar et al., 2017; Queen et al., 2014). However, study about the relation 

between cost and effectivity of empirical antibiotic for Community-Acquired Pneumonia are rare. To 

better understand the effectiveness by cost comparison and the most cost-effective antibiotics among 

empirical antibiotics used for the hospitalized patient, studies of cost-effectiveness analysis across 

clinical stability as a parameter of effectivity empirical antibiotics concerning direct cost are required. 

Such approaches are urgently needed for recommendations for suitable empirical drug choice. Here, to 

address this gap in the literature, the present study evaluated the effectiveness of empirical antibiotics 

by guideline using patient’s clinical response with the direct medical cost of CAP stratified by severity 

level using PSI Scoring. 
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MATERIALS AND METHOD  

Materials 

Patient demographic, antibiotic use, and clinical response, laboratory examination data were 

extracted from the medical record, while cost data were obtained from insurance claim bills. The 

effectiveness of antibiotics was assessed using clinical responses taken from medical records. 

 

Methods 

A retrospective observational study was conducted in secondary care, University Hospital in 

Surakarta, Central Java, Indonesia. The study enrolled all CAP patients hospitalized in the period 

January until December 2018, with ages ≥ 18 years old, and at least used antibiotics for three days. 

Patients admitted to intensive care within hospitalized or immunocompromised patients were excluded. 

The study was approved by the Health Research Ethics Committee School of Medicine Universitas 

Muhammadiyah Surakarta No. 1853/C.2/KEPK-FK-UMS/I/2019.  

The outcome was defined as clinical stability and clinical instability after 72 hours of antibiotics 

therapy. Clinical stability defined as heart rate ≤ 100x/minutes; respiration rate < 24x/minutes; systolic 

blood pressure > 90 mmHg or diastolic blood pressure > 60mmHg; temperature < 37,8℃; compos 

mentis; and pO2 > 60 mmHg or SaO2 > 90% (Ewig et al., 2016). The clinical response outcome results 

were calculated as a percentage of patients in each antibiotic group. Direct medical costs were calculated 

from the average of the individual cost of administration, pharmacy costs, laboratory and radiology 

expenses, cost of the bed, and medical staff costs. 

 

Data Analysis 

Effectiveness differences in each group were statistically analyzed using the Chi-square test 

compared to ceftriaxone, which is used as the reference antibiotic. Cost-effectiveness analysis was 

performed by calculating the average cost-effectiveness ratio (ACER) and incremental cost-

effectiveness ratio (ICER). The results from ACER are interpreted as the average cost per unit of clinical 

outcome. The average cost-effectiveness ratio value of a choice of several alternative therapies that have 

the same goal is the ratio with the lowest value (Kemenkes, 2013). A large ACER value indicates that 

the costs incurred are greater than the effectiveness, and the lower the ACER value, the higher the 

effectiveness value than the costs incurred. 

The incremental cost-effectiveness ratio (ICER) in terms of total hospitalization costs and 

percentage effectiveness by clinical response was calculated with the following Formula. Notably, in 

case the numerator was negative is means cost-saving, and the denominator was positive is means 

improving effectivity, then ICER indicated dominant (Nalang et al., 2018).  

We performed a sensitivity analysis to address the robustness of the model ACERs on the changes 

of the upper and lower limits of the parameter values. The parameters included in the test were costs and 

the improvement of clinical response outcomes. Sensitivity analysis is the main method for dealing with 

uncertainty in analysis (Kemenkes, 2013). Sensitivity analysis is conducted to determine the extent to 

which changes in the cost value used to calculate ACER can affect conclusions. The sensitivity analysis 

for the cost-effectiveness analysis of antibiotics was carried out by varying the decrease and increase of 

10% and 25% of the total cost (Suratini et al., 2017). 

 

RESULT AND DISCUSSION  

Patients characterisctic 

The population of CAP patients in 2018 was 138 patients, but not all of the patients were enrolled 

in this study. The subject selection process is presented in Figure 1. Patients using the empirical 

antibiotics levofloxacin, ceftriaxone, and ceftriaxone + azithromycin were then used as study subjects 

(66 patients). The reason for choosing the use of these antibiotics is because the three antibiotics are the 

choice of use for inpatients with non-ICU comorbid diseases based on the guideline of PDPI (2014).  

Baseline characteristics of the studied subject can be seen in Table 1. We input data of patients 

whose average age was 59.6 years; they were predominantly males (57.6%). Assessment of patient 
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severity uses the Pneumonia Severity Index (PSI) scoring to provide an objective classification of 

patients into low (class I-III), medium (class IV), and high-risk categories (class V) that have been 

validated. PSI scoring has the highest specificity compared to CURB-65 and APACHE II. In addition, 

PSI scoring showed good results in predicting 3 outcomes (risk of mortality at 28 days, risk of ventilator 

insertion, and increased severity) in the same patient subjects. (Madhu et al., 2017; Noguchi et al., 2017; 

Xiao et al., 2013). We addressed PSI class in subgroup analyses since this cut-off increases the risk of 

30-day mortality by ten times compared to severity class I-III (low) (Alavi-Moghaddam et al., 2013).  

 

 
 

Figure 1. The flow of study subject selection and reasons for exclusion is described in this diagram. CAP 

(community-acquired pneumonia), HIV (human immunodeficiency virus), ICU (intensive care 

unit) 

   

The baseline characteristic of the study subject is shown in Table 1. The same baseline criteria 

must be met to compare the clinical effectiveness of different antibiotic groups. Therefore, a nominal 

categorical comparative test or a numerical comparative test was performed on each of the characteristics 

between groups of antibiotics. In this study, the results of patient characteristics from the antibiotic group 

levofloxacin, ceftriaxone, and the combination of ceftriaxone + azithromycin did not have a significant 

difference so that the three groups could be compared (p value> 0.05).  

In this study, subjects were dominated by males in all groups. The majority of the subjects were 

classified as elderly (> 65 years old) based on their age. A previous study found that being male and 

elderly was a risk factor for pneumonia, and mortality also increases by age (Cillóniz et al., 2011; Farida 

et al., 2019).  One of the primary causes of CAP development in seniors is a decline in immunological 

function. On the other hand, several physiologic alterations in the elderly have been linked to the 

development of CAP (Stupka et al., 2009). Based on the PSI severity score, mainly the subject was in 

low severity. The severity assessment is becoming a more significant part of CAP management to help 

clinicians predict the disease's fate upon presentation and reduce CAP-related mortality (Xiao et al., 

2013).  

Most of the subjects were hospitalized in 3-5 days. In line with this study, based on statistical data 

in the US, the average length of stay (LOS) of pneumonia non ICU was 4.7 days (Elflein, 2018). A study 

138 hospitalized CAP patients 

41 patien were excluded 

 7 patient hospitalized less than 3 days 

6 patient used antibiotics less than 3 days 

 7 patient were diagnosed concomitantly with other 

infection 

 1 patient diagnosed with HIV 

20 patient were admitted to ICU 

 

97 patient were closely 

monitored the antibiotics used 

studied subject were 66 patient 

Subject given to antibiotics according to the Indonesian 

Respirologist guidelines:  levofloxacin, ceftriaxone, and 

ceftriaxone + azithromycin (text box can be pulled down) 
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in Indonesia reported that the median LOS of pneumonia in Levofloxacin therapy was 5 days (Suratini 

et al., 2017).  

Cardiovascular disease (CVD) was the most common comorbidity among the participants. Some 

studies reported that patients with CVD had a higher risk of CAP (Corrales-Medina et al., 2011; Restrepo 

& Reyes, 2018; Yeh et al., 2019). Moreover, pneumonia hospitalization in older adults was linked to an 

increase in the risk of CVD. Infections can promote proinflammatory alterations in atherosclerotic 

lesions' cellular makeup, making them more prone to coronary and cerebrovascular events. Chronic 

systemic inflammatory activity is an established risk factor for CVD (Kaptoge et al., 2014). 

 

Table 1. Baseline characteristic of the studies subject 

Characteristics LVX (n=30) CRO (n=23) 

CRO + 

AZM 

(n=13) 

Total (n=66) 
p 

value 

 

Sex, n (%)       

Female 13 (43.3%) 10 (43.5%) 5 (38.5%) 28 (42.4%) 0.949  

Male 17 (56.7%) 13 (56.5%) 8 (61.5%) 48 (59.2%)   

Age, mean (SD) years 59.9 (17.8) 58.9 (18.1) 59.9 (19.8) 59.6 (18.0) 0.976  

Age classification, n(%)       

    18-25 years old 1 (3.3%) 1 (4.3%) 2 (15.4%) 4 (6.1%) 0.629  

    26-35 years old 3 (10%) 2 (8.7%) 0 (0%) 5 (7.6%)   

    36-45 years old 3 (10%) 2 (8.7%) 0 (0%) 5 (7.6%)   

    46-55 years old 2 (6.7%) 4 (17.4%) 2 (15.4%) 8 (12.1%)   

    56-65 years old 8 (26.7%) 5 (21.7%) 3 (23.1%) 16 (24.2%)   

    >65 years old 13 (43.3%) 9 (39.1%) 6 (46.2%) 28 (42.4%)   

 LOS, n (%)       

     3-5 days 21 (70%) 12 (52.2%) 8 (61.5%) 41 (62.1%) 0.492  

     6-7 days 7 (23.2%) 6 (26.1%) 4 (30.8%) 17 (25.8%)   

     8-10 days 2 (6.7%) 5 (21.7%) 1 (7.7%) 8 (12.1%)   

Scoring PSI      

    I-III (Low) 14 (46.7%) 10 (43.5%) 6 (46.2%) 30 (45.5%) 0.662  

    IV (Moderate) 11 (36.7%) 10 (43.5%) 3 (23.1%) 24 (26.4%)   

    V (High) 5 (16.7%) 3 (13%) 4 (30.8%) 12 (18.2%)   

Comorbidities, n (%)       

 Type 2 Diabetes Mellitus 12 (26.1%) 4 (14.8%) 6 (27.3%) 22 (23.2%) 0.658  

Cardiovascular disease 19 (41.3%) 11 (40.7%) 8 (36.4%) 38 (40%)   

Cerebrovascular 2 (4.3%) 0 (0%) 1 (4.5%) 3 (3.2%)   

Renal disease 1 (2.2%) 5 (18.5%) 3 (13.6%) 9 (9.5%)   

Hepatic disorders 1 (2.2%) 2 (7.4%) 0 (0%) 3 (3.2%)   

    Asthma 1 (2.2%) 1 (3.7%) 1 (4.5%) 3 (3.2%)   

 COPD 2 (4.3%) 1 (3.7%) 1 (4.5%) 4 (4.2%)   

    Tuberculosis 1 (2.2%) 1 (3.7%) 0 (0%) 2 (2.1%)    

CRO: Ceftriaxone; AZM: Azithromycin; LVX: Levofloxacin; LOS: Length of Stay; PSI: Pneumonia Severity 

Index; COPD: Chronic Obstructive Pulmonary Disease. p-value: Significance value, p value>0.05 there is no 

significant difference between the two groups 

Effectiveness of empirical antibiotics 
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The effectiveness profile of all antibiotic groups is shown in Table 2. Ceftriaxone was set as a 

comparator because the newest guideline suggested a combination of ceftriaxone and azithromycin or 

levofloxacin as the standard regimen for inpatient CAP (Burhan et al., 2020). The study showed that 

levofloxacin demonstrated the best ability compared to ceftriaxone and the combination of ceftriaxone 

+ azithromycin at low, moderate, and high severity levels. Treatment was defined as effective if no more 

than one of the clinical instability criteria related to CAP. The primary outcome was measured 72 hours 

after antibiotics were used (Mandell et al., 2007). In line with other research on a prospective randomized 

trial comparing the effectiveness of clinical responses between levofloxacin and ceftriaxone, it was 

stated that levofloxacin was better than ceftriaxone with a success rate of 96% in the levofloxacin group 

and by 89% in the ceftriaxone group. However, this finding was contradictive with a study in India that 

stated that ceftriaxone was more cost-effective than levofloxacin (Sriram et al., 2013). It proved that 

antibiotics’ effectiveness profile can differ from one region to another.  

 

                Table 2. The Effectiveness comparison between antibiotic groups based on CAP severity 

level 

 Antibiotic group 
Severity 

level  

Effectiveness (%) 

P value 
Clinical stability 

Clinical 

instability 

LVX (n=14)  14 (100%) 0 (0%) 0,163 

CRO (n=10)  Low 8 (80%) 2 (20%) Reference  

CRO + AZM (n=6)  4 (66,7%) 2 (33,3%) 0,604 

LVX (n= 11) 
 

Moderate 

11 (100%) 0 (0%) 0,214 

CRO (n=10) 8 (80%) 2 (20%) Reference 

CRO + AZM (n=3) 3 (100%) 0 (0%) 1,000 

LVX (n=5) 

 High 

4 (80%) 1 (20%) 1,000 

CRO (n=3) 2 (66,7%) 1 (33,3%) Reference 

CRO + AZM (n=4) 2 (50%) 2 (50%) 1,000 

CRO: Ceftriaxone; AZM: Azithromycin; LVX: Levofloxacin.; p-value: Significance value (Fisher’s test), p*: 

effectiveness significantly different; p value>0.05 there is no significant difference between the two groups 

 

This study has shown that in low severity cases, a combination of ceftriaxone and azithromycin 

was not effective in 33,33% of patients. A meta-analysis review also reported that overall levofloxacin 

was superior because the number of clinical failure rates that occurred was less than the combination of 

ceftriaxone + azithromycin in nine studies in non-ICU hospitalized patients [RR = 0.72 (0.57- 0.91)]. A 

study reported that ceftriaxone and azithromycin combination therapy showed an increase in CD86 

ligand, a major class II histocompatibility complex in neutrophils and cytotoxic T lymphocytes 

compared to ceftriaxone alone, this can result in a decrease in the amount of normal flora in the 

respiratory system and thus result in worsening clinical response. Hence, azithromycin addition didn’t 

give a better effect. However, combination ceftriaxone and azithromycin could be a choice of therapy 

for CAP to minimize the occurrence of bacterial multi-resistant and treatment options inpatient with 

atypical pneumonia or Streptococcus pneumonia resistant to antibiotics (Izadi et al., 2018). 

Unfortunately, this study could not evaluate the causative antibiotics susceptibility profile due to the 

lack of retrospective data. 

 

Cost Analysis 

In this study, costs were calculated using a healthcare perspective so that the total costs calculated 

were direct medical costs. Limited access to detailed cost data is a weakness in this study. Investigators 

were unable to calculate the percentage for each component of direct medical costs. Because the 
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antibiotics being compared at different levels of severity have no significant differences, the cost 

calculations can be combined. The cost-effectiveness analysis was carried out by comparing the direct 

total medical cost with the effectiveness, which was calculated by the success rate in each treatment 

group. The results of cost-effectiveness analyses are shown in Table 3.  

 

Table 3. CEA outcomes and ICER calculation 

Antibiotic 

Groups 

Average 

Total Cost 

(Rp)(±SE) 

Effectivity 

(%) 

Incrementa

l Cost (Rp) 

Incerementa

l Effectivity 

(%) 

CEA 

Outcomes 

ICER 

(Rp/%effectivity

) 

CRO 

(n=23) 

 

4,744,221 ± 

2,181,360 
78.3 Reference 

LVX 

(n=30) 

5,171,054 ± 

2,280,582 
96.7 426,833 18.4 

Need ICER 

Calculation 

  23,197  

CRO+AZ

M (n=13) 

4,886,010 ± 

2,826,587 
69.2 141,789 -9.1 

Dominated 

[not worthy 

of being 

chosen] - 

 

AZM: Azythromicin; CRO: Ceftriaxone; LVX: Levofloxacin; CEA: Cost-Effectiveness Analysis; ICER: 

Incremental Cost-Effectiveness Ratio 

 

The use of levofloxacin instead of ceftriaxone improved clinical response, but it is more 

expensive. Therefore, it was necessary to calculate ICER whether the required increase in costs was 

reasonable. The study showed that it needs to cost Rp 23,197 to get a 1% increase in effectiveness. In 

contrast to levofloxacin, the combination of ceftriaxone and azithromycin showed a higher cost with 

lower effectiveness. It means that a combination of ceftriaxone and azithromycin is not worthy of being 

chosen. Based on this study, the use of levofloxacin as the first-line therapy for CAP could be maintained 

because it was more cost-effective than other alternatives.  

Sensitivity analysis is carried out to determine the extent to which changes in the cost or 

effectiveness value used to calculate ACER can affect the conclusions. Sensitivity analysis is the main 

method for dealing with uncertainty in analysis (Kemenkes, 2013). For the existing uncertainty to be 

properly calculated, the impact of the uncertainty element must be identified, assessed, and interpreted, 

especially for the most dominant parameter in the study results. To analyze the impact of uncertainty, it 

is commonly used a sensitivity analysis. The results of sensitivity analyses are shown in Table 4.  

Sensitivity analysis is not to conclude choosing the most cost-effective intervention only for 

calculating ACER because changes in costs can affect the conclusion. At baseline cost, levofloxacin was 

the most cost-effective, seen from the lowest ACER value. The results of the levofloxacin sensitivity 

analysis show that levofloxacin is sensitive to changes in cost. At the highest cost, the cost-effectiveness 

of levofloxacin changes to be less cost-effective than ceftriaxone. This contrasts with the combination 

of ceftriaxone + azithromycin which is insensitive to cost changes. This shows that the results of the 

cost-effectiveness of ceftriaxone + azithromycin are not affected by changes in costs.  Ceftriaxone will 

be the most cost effective in the lowest cost compared to baseline cost of levofloxacin and combination 

of ceftriaxone and azithromycin.  

However, this study was conducted only in a hospital so generalizability for the Indonesian 

population is limited.  The disproportionate number of samples based on the antibiotic group is also a 

limitation of this study. Studies in a large number of subjects in different regions in Indonesia and the 

proportionate number of each group were strongly recommended. Lastly, we did not include costs 

associated with the side effects of the treatments in the present research. Common undesirable side 

effects of antibiotic treatment, such as diarrhea, Clostridium difficile infections, and allergic reactions 

can extend the length of hospitalization and increase costs. 
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         Table 4. Sensitivity analysis 

Sensitivity Cost(Rp) 
Effectiveness 

(%) 

ACER 

(Rp/%effectiveness) 

CRO    

baseline 4,744,211 78.3 60590 

lowest cost 2,103,743 78.3 26868 

highest cost 10,153,232 78.3 129671 

LVX    

baseline 5,171,054 96.7 53.475 

lowest cost 1,408,936 96.7 14.570 

highest cost 12,704,170 96.7 131.377 

CRO+AZM    

baseline 4,886,010 69.2 70.607 

lowest cost 1,878,729 69.2 27.149 

highest cost 10,834,413 69.2 156.567 

 

LVX = Levofloxacin; CRO = Cefriaxone; AZM = Azitromisin, ACER = Average Cost Effectiveness Ratio 
 

 

CONCLUSION  

The use of levofloxacin instead of ceftriaxone improved clinical response, but it is more 

expensive. Levofloxacin was the most cost-effective seen from the ACER was the lowest than the other 

two groups.  Treatment using a combination of ceftriaxone + azithromycin was more expensive without 

added benefit. Based on this study, the use of levofloxacin as the first-line therapy for CAP could be 

maintained because it was more cost-effective than other alternatives. However, a study on a broader 

population is needed to confirm these findings. 
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