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Purpose: Coronavirus disease 2019 (COVID-19) is a new respiratory tract infection caused by severe acute respiratory syndrome
coronavirus-2. The presence of secondary pulmonary bacterial infection (SPBI) made COVID-19 difficult to treat. Neutrophil-
lymphocyte count ratio (NLR) is a systemic inflammatory marker used in the diagnosis and prognosis of viral or bacterial infection. At
the first 3-5 days after hyperinflammation, it occurs in relation to clinical outcome. Therefore, this study aimed to evaluate the diagnostic
value of NLR based on leukocyte kinetics upon admission and after 72 hours among COVID-19 patients with or without SPBI.
Patients and Methods: This retrospective cross-sectional study analyzed medical records data of admitted patients with COVID-19
according to the International Classification of Disease 10th Revision (ICD-10) between January and December 2021. The list of
patients was extracted and followed by a hand search to identify the inclusion or exclusion criteria and stratified into proven and non-
proven SPBI based on clinical data. The study distinguished between SPBI by means of a cut-off value (COV) on the first (D1) and
third day (D3), assessed using receiver operating characteristics (ROC), as well as determined the magnitude of sensitivity, specificity,
and prevalence ratio.

Results: A screening process was conducted on 2902 COVID-19 patients, of which 236 were included, accounting for 8.1%. Among
these patients, 87 (36.9%) were found to have proven SPBI. A considerable difference in NLR value between proven and non-proven
SPBI was observed on both D1 (11.1 vs 4.2) and D3 (15.3 vs 5.2), with optimal COV of NLR on D1, D3 was found to be 5.29, 9.47,
respectively (p < 0.001).

Conclusion: NLR on the D1 and D3 distinguished the occurrence of SPBI among COVID-19 patients. The application of NLR
assisted in the early determination of bacterial infection and helped in controlling the empirical use of antibiotics.
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Introduction
Coronavirus disease 2019 (COVID-19) is a new respiratory tract infection caused by severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2). It results in a rapid increase in the number of cases and spread throughout the world in
a short period.! As of August 25, 2021, data from the World Health Organization (WHO) recorded approximately
212,357,898 confirmed cases and a total of 4,439,843 deaths. Among these cases, Indonesia reported 4,026,837
confirmed cases with a mortality of 129,293

The clinical manifestations of patients ranged from asymptomatic to severe symptoms. The most common symptoms
were fever, dry cough, shortness of breath, fatigue, myalgia, nausea, vomiting, or diarrhoea." However, patients with
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SARS-CoV-2 infection were also susceptible to bacterial coinfection.® > Previous studies reported increased morbidity
and mortality due to secondary bacterial infection.® The occurrence of secondary pulmonary bacterial infection (SPBI)
was underpinned by three mechanisms, namely dysregulation of the immune response, dysbiosis of the respiratory tract
microbiota, and damage to respiratory tract epithelial cells.”*

The management of COVID-19 has been impacted by issues related to SPBI, such as the high rate of hospitalization
and prolonged hospital stays, which increase the risk of hospital-acquired infection.” Difficulties in differentiating
between COVID-19 and pulmonary bacterial infection have resulted in antibiotic overuse.'®!" “However, there was an
information gap regarding treatment guidelines for COVID-19 with SPBI, which led to poor clinical outcomes. The
hyperinflammatory response and rapid progression of COVID-19 were crucial and similar to that of septic patients.
Previous studies had shown that the initial 72 hours of critical care in septic patients were crucial for physician decision-
making and clinical outcomes.'*'? Therefore, this critical period should also be applied for COVID-19, including the use
of inflammatory markers as the diagnostic and prognostic outcome.

Neutrophil-lymphocyte ratio (NLR) is a systemic inflammatory marker used as a determinant of the diagnosis as well
as prognosis of patients with a viral or bacterial infection.'*™'> Previous study has shown the importance of leukocyte
kinetics, which is represented as NLR, in the first 3-5 days after hyperinflammation occurred.'”> “As a result, when
compared to other inflammatory markers such as Procalcitonin and C-Reactive Protein, NLR proved to be a more rapid,
feasible, cost-effective, and affordable marker that could be easily performed in any healthcare facility setting.

Previous study has shown the utility of NLR in the context of COVID-19."°"'® However, the observation of dynamic
changes in NLR among COVID-19 patients is still inadequate, including detection time and serial observation,
particularly concerning the onset of bacterial infection. Therefore, this study assesses the diagnostic efficacy of NLR
based on leukocyte kinetics upon hospital admission and after 72 hours among patients to identify the presence of
secondary bacterial infection.

Materials and Methods
Study Design and Population

This retrospective cross-sectional study presents an examination of medical records data on admitted patients who were
diagnosed with COVID-19 under the International Classification of Disease 10th Revision (ICD-10) Code U07.1. The
study encompasses the period spanning from January to December 2021 and was conducted at tertiary teaching hospital,
Hasan Sadikin General Hospital Bandung, Indonesia. The list of patients within a certain period was extracted from
hospital information system (Sistem Informasi Rumah Sakit Hasan Sadikin, Bandung Indonesia) and followed by a hand
search to identify the inclusion or exclusion criteria, based on clinical information available. The inclusion criteria were
(1) adult patients that are 18 years or above, (2) admitted to hospital with any degree of COVID-19 severity,'® (3)
submitted sputum specimen for culture, and (4) performed complete blood count and inflammatory marker during
hospitalization. Meanwhile, the exclusion criteria were (1) patients with HIV/AIDS, malignancy, autoimmune disease,
long-term use of steroids, and urinary tract infection, (2) patients readmitted to hospital within the same period, (3) poor
sputum quality, based on Gram stain result which indicated with more than 10 epithelial cells per large visual field,
regardless of the number of leukocytes,”® and (4) inaccessible or missing information in the medical record. Finally,
laboratory information systems (HCLAB, Sysmex, Asia Pacific) were accessed when information about laboratory
results was not available in the medical records of patients.

Data Collection

Baseline demographics, including age, gender, presence of comorbidities, disease severity, NLR value, sputum culture
result, and clinical outcome were extracted from the medical records. NLR value was performed using the automatic
hematology analyzer with flow cytometry method (XN series, Sysmex, Japan) and was calculated by dividing the
absolute value of neutrophil-lymphocytes.”'*> This study collected NLR value on the first day when patients were
admitted to hospital/ward (D1), and the third day after hospital admission (D3). The sputum culture was performed for
microorganism identification and antimicrobial susceptibility testing, using an automatic microbiology analyzer
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(Vitek2Compact, Biomerieux, France). The protocol for microorganism identification and antimicrobial susceptibility
testing follows the Clinical and Laboratory Standards Institute (CLSI) guidelines.’®* In cases where multiple sputum
culture data were available for the study population, only the initial sputum cultures obtained during hospitalization were
collected and included in the data analysis.

Study Variable Definition

SPBI can be characterized as a respiratory infection that manifested in COVID-19 patients, with the following criteria:
(1) identification of bacterial growth through sputum cultures, (2) procalcitonin levels exceeding 0.25 ng/mL, and (3) the
presence of infiltrates on chest imaging.'*?**> The study population was stratified into those with and without proven
SPBI. Chronic Obstructive Pulmonary Disease (COPD) was characterized as a condition marked by progressive airway
limitation that cannot be reversed and was often accompanied by an abnormal inflammatory response of the lungs to
harmful gas particles. This was confirmed by spirometry examination, where the results showed a Forced Expiratory
Volume 1/Forced Vital Capacity <0.70, after administering a bronchodilator.® Chronic Kidney Disease (CKD) includes
damage or a decreased glomerular filtration rate of <60 mL/min/1.73 m? for at least 3 months.?” Type 2 Diabetes Mellitus
(DM) was defined as an increase in plasma glucose level of more than 126 mg/dL (7.0 mm/L) or HbAIC >6.5.%8
Meanwhile, hypertension was defined as a blood pressure of >140/90 mmHg.** Multi-Drug Resistance (MDR) pathogens

were defined as pathogens that were not susceptible to at least one agent in three or more antimicrobial categories.*”

Statistical Analysis
Data were entered into Microsoft Excel 2013 (Microsoft Corp.) and analyzed using the Statistical Product and Service
Solutions (SPSS) Windows version 25.0 (IBM, United States). Descriptive statistics, including the mean-standard
deviation (SD), median-interquartile range (IQR), and number with percentage, were used as appropriate according to
the data distribution of variables. Mean-SD and median-IQR were used for normally and non-normally distributed
quantitative data, respectively. The normality of data distribution of variables was determine using Kolmogorov—Smirnov
test. Normally and non-normally distributed quantitative variables were compared using the #-test and Mann—Whitney
tests, respectively. Meanwhile, the X test or Fisher's exact test was applied as appropriate for categorical variables with
a p-value less than 0.05.

ROC analysis was performed to determine the cut-off value (COV) of NLR between COVID-10 with and without
proven SPBI on D1 and D3. The magnitude of sensitivity, specificity, and prevalence ratio®' based on the COV of NLR
was obtained and evaluated. ROC analysis was performed using MedCalc version 5.2 (MedCalc Software Ltd, Belgium).

Results

Population Characteristics

A total of 2902 COVID-19 patients were screened and 236 at 8.1% were included for analysis. Among the population
included in the study, 36.9% (n = 87) demonstrated proven SPBI. This finding highlights the utility of culture positivity
as the standard diagnostic measure for bacterial infection. Figure 1 illustrates the practical application of inflammatory
markers, including Procalcitonin <0.25 ng/mL, to effectively identify individuals within the non-proven SPBI category,
with a success rate of up to 63.1%. This strategy involves the integration of chest imaging and culture in conjunction with
the aforementioned markers.

Based on the data presented in Figure 1 and Table 1, 8.1% (236/2902) of adult patients, with an average age of 50 and
at least one comorbidity, were admitted to hospital. The most frequently occurring comorbidities in proven and non-
proven SPBI groups were hypertension and Type 2 DM. However, the disease severity was significantly higher in the
proven-SPBI group, as compared to the non-proven group, with a statistically significant difference (p=<.001) observed
in the incidence of severe (55.2% vs 51.0%) and critical (23.0% vs 4.7%) cases. Furthermore, the survival rates were
comparatively higher among patients without SPBI (non-proven group) as compared to those with proven-SPBI (87.2%
vs 63.2%, p =< 0.001).
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COVID-19 population based on ICD-10 code U7.01
Between January — December 2021

n = 2902
2666 medical record excluded, with reasons:
* Not perform sputum culture (n = 1257)
Eligible and Included +  Perform sputum culture without accompanied with
n =236 (8.1%) inflammatory marker (procalcitonin) (n = 138)
* Not perform both sputum culture and procalcitonin (n = 903)
* Missing clinical information (n = 368)

Assessment for

secondary pulmonary bacterial infections
(clinical info, culture-proven, procalcitonin, chest imaging)

n =236
l
' !
Proven secondary pulmonary Non-proven secondary pulmonary
bacterial infections bacterial infections
n =87 (36.9%) n =149 (63.1%)

Figure | Study flow chart.

Abbreviations: COVID-19, coronavirus disease 2019; ICD-10, International Classification of Disease version 10; n, number of patients.

Gram-negative bacteria (GNB) (89/114) were dominantly observed among the sputum culture of the proven-SPBI
group. Pathogens, ie Acinetobacter baumannii (34/114, 29.8%), Klebsiella pneumoniae (25/114, 21.9%), Pseudomonas

aeruginosa (8/114, 7.0%), and Stenotrophomonas maltophilia (8/114, 7.0%) were commonly identified and well known

Table | Baseline Characteristics of Study Population

Characteristics SPBI p
Proven n = 87 | Non-Proven n = 149

Age (years)

Mean * SD 56 + 13 52+ 14 0.060

Gender, n (%)

Male 56 (64.4) 8l (54.4) 0.133

Female 31 (35.6) 68 (45.6)

Comorbidities*, n (%)

COPD 334 6 (4.0) 1.000

CKD 16 (18.4) 4 (2.7) <0.001

Hypertension 38 (43.7) 55 (36.9) 0.305

Type 2 DM 19 (21.8) 34 (22.8) 0.862

Disease severity, n (%)

Mild 0 (0) 13 (87) <0.001

Moderate 19 (21.8) 53 (35.6)

Severe 48 (55.2) 76 (51.0)

Critical 20 (23.0) 7 (47)

The onset of illness (days)

Mean * SD 7+4 6+3 0.264

Outcome, n (%)

Non-survivor 32 (36.8) 19 (12.8) <0.001

Survivor 55 (63.2) 130 (87.2)

Note: (*) multiple comorbidities can be observed among study population.

Abbreviations: COPD, chronic obstructive pulmonary disease; CKD, chronic kidney disease; DM, diabetes
mellitus; SD, standard deviation; p, p-value; SPBI, secondary pulmonary bacterial infection.
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as the etiology of bacterial pneumonia.* The presence of MDR pathogens was 36.8% among GNB and Gram-Positive
Bacterial (GPB). However, the presence of fungal infection was low (7.0%), compared with overall identified bacterial
(GNB, GPB), as shown in Table 2.

The Diagnostic Value of NLR on Admission and 72 Hours Thereafter in Proven and
Non-Proven SPBI Group

NLR value between proven and non-proven SPBI was compared and showed distinguishable between groups, as shown in
Figure 2. Moreover, the high difference between the two groups was also shown in D1 (11.1 vs 4.2, p <0.001) and D3 (15.3 vs
5.2,p<0.001), as shown in Table S1. In the ROC curve analysis, NLR in D1 (AUC 0.836) and D3 (AUC 0.880) presented a good
ability to differentiate SPBI among COVID-19 population (p < 0.001). An optimal COV was calculated based on the ROC
analysis and showed COV in D1 and D3 of 5.29 and 9.47, as shown in Figure 3. Based on the COV of NLR, the prevalence ratio
of SPBI on the first (D1) and third day (D3) was 4.7 (95% CI 2.9%—7.7%) and 5.9 (95% CI 3.8%—9.2%), as shown in Table S2.
Therefore, COV of NLR for D1 and D3 was significantly differentiated between COVID-19 patients with and without SPBI.

Discussion

SPBI has become a problematic situation during COVID-19 but was reported that the occurrence was approximately less
than 20% of cases.’”? Differentiating between COVID-19 with or without the presence of bacterial infection was
challenging. Value of NLR was evaluated according to the leukocyte kinetics among COVID-19 patients, to identify the
presence of SPBI, in two different time observations. NLR value can differentiate the occurrence of SPBI, in the first 72
hours of hospital admission, with the onset of illness between 3 and 11 days. Similar to other forms of severe

Table 2 Distribution of Identified Pathogens Among COVID-19 Patients with
(Proven) Secondary Pulmonary Bacterial Infection Group

Pathogens Total Isolate* MDR
n=114 n =42

n % n %
GNB
Acinetobacter baumannii 34 29.8 22 52.4
Klebsiella pneumoniae 25 21.9 6 14.3
Pseudomonas aeruginosa 8 7.0 | 2.4
Stenotrophomonas maltophilia 8 7.0 0 -
Enterobacter cloacae 5 4.4 0 -
Escherichia coli 5 4.4 4 9.5
Klebsiella oxytoca | 0.9 0 -
Proteus mirabilis | 0.9 0 -
Serratia marcescens | 0.9 0 -
Burkholderia cepacia | 0.9 0 -
GPB
Staphylococcus haemolyticus Il 9.6 9 21.4
Enterococcus faecalis 3 2.6 0 -
Staphylococcus aureus | 0.9 0 -
Staphylococcus epidermidis | 0.9 0 -
Streptococcus mitis | 0.9 0 -
Fungal
Candida albicans 4 35 0 -
Candida tropicalis 4 35 0 -

Note: (¥) multiple isolate can be obtained from single culture result.
Abbreviations: MDR, multi-drug resistance pathogens; GNB, Gram-negative bacteria; GPB, Gram-positive
bacteria.
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Figure 2 Box-plots distribution of NLR values on DI and D3 among COVID-19 patients with (proven) and without (non-proven) secondary pulmonary bacterial infection.
Thick black line, median value; blue or red box, 25th—75th quartile range; thin bars, range of values excluding outliers.
Abbreviations: D1, day |, first day on admission; D3, day 3, third day (72 hours thereafter); p, p-value; NLR, neutrophil-to-lymphocyte ratio.
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Figure 3 Receiver operating characteristics (ROC) curves of NLR for differentiating COVID- 19 patient with (proven) and without (non-proven) secondary pulmonary
bacterial infection. (A) ROC curves of NLR based on first day on admission (D1); (B) ROC curves of NLR based on third day or 72 hours thereafter (D3).
Abbreviations: COV, cut-off value; AUC, area under curve value; NLR, neutrophil-to-lymphocyte ratio.

inflammation, such as sepsis, leukocytes play a critical role in the immune response to COVID-19."% In general, an
immune response to viral infection involves the activation and proliferation of lymphocytes such as cytotoxic T-cells and
Natural Killer (NK) cells. This is accompanied by the secretion of antibodies or cytokines/lymphokines, such as
interferon (IFN), to eliminate infected cells and clear the virus. However, in the case of SARS-CoV-2 infection, there
is dysregulation of these immune responses, leading to a hyperinflammatory state characterized by a decrease in
lymphocytes, including cytotoxic T-cells and NK cells, as well as decreased IFN levels and increased cytokine levels.”
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This state also affects the respiratory microbiota, resulting in high levels of dysbiosis and poor microbial structural
complexity in the respiratory microbiota of patients.

Immune response in SARS-CoV-2 and bacterial infection also induce the role of neutrophil recruitment and
degranulation.”'? Therefore, the increasing number of neutrophils and decreased number of lymphocytes resulted in
an increasing NLR value. Previous studies showed the importance of increasing NLR value in the first 72 hours of
bacteremia, which corresponds with the development of leukocyte kinetics ranging from 1 to 3 days. A similar finding
was also observed in the sepsis situation, which highlighted the critical role of leukocyte kinetics in the first 3 days after
sepsis.'>'? Despite the limited reports on leukocyte kinetics, a previous study indicated that COVID-19 patients with
bacteremia showed an increase in NLR between the first and third day.22“3 3736 Therefore, this finding supports the
kinetics of NLR on the first and third days of COVID-19, particularly differentiating the occurrence of bacterial infection.

There is a high number of isolates with MDR GNB identified among patients with SPBI. Several factors may
contribute to this situation: First, during COVID-19, the increase of antibiotic use as initial empirical treatment was
unavoidable. Previous systematic reviews show the development of antibiotic resistance mainly occurs between 0 and 6
months after the use of related antibiotics.’” Second, human factors and equipment contribute to the increase of MDR
organisms. The use of Personal Protective Equipment (PPE), which was meant to protect healthcare staff and reduce
infection, led to suboptimal utilization and disease transmission.®>® Third, host factors, including older ages, and
comorbidities, facilitate the risk of MDR, as reported previously.>”

In this study, the optimal COV of NLR was demonstrated to differentiate between COVID-19 with and without SPBI.
A previous study defined certain COV of NLR in COVID-19 patients but was dedicated to prognostic, disease severity,
and mortality markers.'****° Therefore, the COV of NLR showed the other value to determine the occurrence of SPBI.
A high prevalence ratio of NLR was also observed, indicating that a high NLR above the COV during the first three days
is likely to suggest the presence of bacterial infection. Moreover, it is a predictor of successful culture and positive
radiologic findings, with a 45 times greater chance of occurrence compared to those with an NLR below the COV, as
shown in Table S2.*"*! Furthermore, the utility of NLR in the first 3 days also contributes to controlling the use of
antibiotic and support the antimicrobial stewardship, which is interrupted during COVID-19."***3 There are several
limitations to this study; first, the atypical bacterial was not performed for the sputum culture, resulting in unavoidable
bias for COVID-19 without SPBI group. Second, this study was not designed to measure further analysis, such as NLR
value to differentiate GNB and GPB related to clinical outcomes or disease severity in COVID-19. This is due to the
rapid progression of the virus and limited information among the included patient. Third, since it was a retrospective data
collection study, the potential of subject selection bias was unavoidable, particularly in culture examination. The study
population was defined by identifying the list of all hospitalized COVID-19 patients and manually searching their
medical records. However, it is important to note that previous reports have indicated the potential bias of cultural
results. ***>

Bacterial infection has become a priority concern globally, especially concerning the use of antibiotics and the
emergence of antibiotic resistance. During COVID-19 pandemic, the presence of bacterial infection among the popula-
tion has been shown to result in poor clinical outcomes and increased mortality rates. The employment of a simple,
feasible, ease to access and cost-effective marker, such as NLR, can significantly aid in the early detection of bacterial
infection.***” This method can be useful in COVID-19 and other hyperinflammatory states, including sepsis. Therefore,
the implementation of NLR can serve two primary purposes: (1) promoting the regulation of antibiotic use, specifically
empirical treatment, and (2) contributing to the reinforcement of the antimicrobial stewardship program by guiding the
empirical treatment protocol. Considering COVID-19 pandemic, it is imperative to prevent the long-term consequences
of this disease, particularly the surge of antibiotic resistance.

Conclusion

In conclusion, the utilization of NLR on admission and the third day after 72 hours proved effective in distinguishing the
emergence of SPBI among COVID-19 patients, with COV value of 5.29 and 9.47, respectively. Employing
a straightforward and economical marker, such as NLR facilitates the prompt identification of bacterial infection and
enables regulation of the use of antibiotics as empirical treatment, which is a frequent occurrence in healthcare facilities.
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