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ABSTRACT

Background: COVID-19 has been associated with increased innate immune system activation, leading to increased 
mucus production, inflammation, and tissue damage. N-Acetylcystysteine (NAC), an antioxidant and mucolytic, has 
demonstrated potential as a COVID-19 therapy.

Objective: The purpose of this study was to evaluate the effectiveness of NAC on the clinical symptoms of 
hospitalized COVID-19 patients at Santa Elisabeth Purwokerto General Hospital in Indonesia. 

Methods: An observational analytical study design was employed, with data collected from the medical records 
of hospitalized COVID-19 patients at Santa Elisabeth Purwokerto General Hospital over the period of July 2020 to 
July 2021. The study included 209 patients who met the eligibility criteria. 

Results: The results indicated that the use of NAC affected the clinical symptoms of cough, oxygen saturation 
(SPO2), and respiratory rate in patients with mild and moderate degrees of COVID-19 patients (p<0.05). However, 
it was found not to affect patients with severe degrees of the disease (p>0.05). 

Conclusion: This study suggests that NAC may be a useful treatment option for patients with mild and 
moderate COVID-19. Further research is needed to confirm these findings and determine their effectiveness 
in severe cases.
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Introduction
In 2019, the first pneumonia-like disease was reported 

in Wuhan, Hubei Province. It quickly spread to China, 
Thailand, Japan, and South Korea. On February 11, 2020, 
the WHO announced that the disease was caused by 
the Severe Acute Respiratory Syndrome Coronavirus-2 
(SARS-CoV-2) and renamed Coronavirus Disease 2019 
(COVID-19) [1]. As of December 19, 2022, there were 
6,709,597 COVID-19-positive cases and 160,398 deaths 
in Indonesia [2]. Health Service announced 26 further 

positive cases in Banyumas Regency until November 16, 
2022, for a total of 42,131 cases and 1,862 deaths [3]. 
Patients with COVID-19 generally exhibit pneumonia-
like symptoms, including fever, dry cough, tiredness, sore 
throat, and shortness of breath. In patients with severe 
symptoms, hyperinflammation resulting in acute lung 
injury is believed to be the leading cause of death [4].

In the 1960s, N-acetylcysteine (NAC) was introduced 
as a safe mucolytic drug for respiratory diseases. Since 
then, it has been used in numerous hospital applications, 
including treating acute bronchopulmonary diseases, 
as an antidote for paracetamol intoxication, and as 
a potent antioxidant. NAC decreases the viscosity 
of mucus by breaking disulfide bridges between 
macromolecules [5]. Recently, NAC has been utilized 
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as an adjunct medication for treating SARS-COV-2 
infection. The risks, advantages, and effects of using 
NAC in COVID-19 are evaluated.

NAC contributes to glutathione production, 
increasing immune function and regulating the 
inflammatory response [6]. Additionally, it possesses 
mucolytic, antioxidant, and anti-inflammatory 
properties. NAC contributes to the synthesis of 
glutathione (GSH) [7], an antioxidant that inhibits the 
generation of pro-inflammatory cytokines [8]. NAC 
downregulates the pro-inflammatory cytokines via 
suppressing LPS-induced NF-κB activation. This led 
to decreased expression of IL-6 and reduced levels 
of IL-1 and TNF-α. NAC controls IL-10 and inhibits 
inflammatory cascade development [9].

Santa Elisabeth Purwokerto General Hospital, 
located in Banyumas Regency, serves as a referral 
center for COVID-19 patients. Since March 2020, the 
hospital has seen a rise in the number of patients 
admitted with varying symptoms ranging from 
mild to severe. NAC has gained popularity among 
the various treatments used for COVID-19 at this 
hospital. A study reported that NAC effectively 
improved the condition of a COVID-19 patient with 
respiratory failure who has administered NAC through 
inhalation [7]. Similarly, a study conducted by Ibrahim 
et al. (2020) demonstrated that administering NAC 
injections significantly improved the condition of ten 
severe COVID-19 patients dependent on respirators 
[10]. Given the promising results seen with the use of 
NAC, it is imperative to conduct further research at 
Santa Elisabeth Purwokerto General Hospital to assess 
the effectiveness of NAC in treating hospitalized 
COVID-19 patients. This study aimed to evaluate the 
effectiveness of NAC in alleviating clinical symptoms 
in COVID-19 patients hospitalized at Santa Elisabeth 
Purwokerto General Hospital in Banyumas Regency, 
Indonesia.

Methods 
Research design 

An observational analytical design was employed 
in this study. Data were retrospectively collected from 
the medical records of COVID-19 inpatients from July 
2020 to July 2021. Ethical clearance for this study was 
obtained from the Health Research Ethics Commission, 
Faculty of Health Sciences, UNSOED, with reference 
number 325/EC/KEPK/III/2021.

Population and sample 
The study population comprised COVID-19 

inpatients at Santa Elisabeth Purwokerto General 
Hospital admitted between July 2020 and July 2021. 
The study sample consisted of patients who received 
NAC orally at 600 mg. A total sampling approach was 
employed to collect data from all eligible members of 
the population who met the inclusion and exclusion 
criteria. 

The inclusion criteria were: (i) hospitalized patients 
aged over 18 years, (ii) a diagnosis of COVID-19 
with or without comorbidities, (iii) administration of 
NAC for the treatment of COVID-19 either orally or 
intravenously, and (iv) availability of complete medical 
records, including medical record number, patient 
demographics (name, gender, age), treatment dates 
(admission and discharge from hospital), primary and 
secondary diagnoses, PCR swab or rapid-test results, 
patient-reported symptoms (cough and shortness of 
breath), clinical examination results [vital signs such 
as respiratory rate and oxygen saturation (SpO2)], 
medical history, history of allergies, medication history, 
the therapy administered (drug name, preparation, 
dose, route of administration, and frequency of 
administration), and patient condition at the time 
of discharge. The exclusion criteria were COVID-19 
hospitalized patients who were pregnant.

Instrument 
The present study employed a Case Report Form 

(CRF) as a tool. The medical records of COVID-19 
inpatients at Santa Elisabeth Purwokerto General 
Hospital were used as the primary source of data and 
the analysis was conducted based on the inclusion and 
exclusion criteria mentioned previously. 

Analysis 
Bivariate analysis was performed to examine the 

relationship between independent and dependent 
variables, using paired data. The clinical symptoms of 
COVID-19 patients were divided into mild, moderate, 
and severe categories before and after the administration 
NAC. Both subjective and objective data as well as 
vital signs were analyzed. The objective data were 
tested for normality distribution using Kolmogorov-
Smirnov and the Shapiro-Wilk test. Numerical scale 
data such as temperature, respiratory rate, and oxygen 
saturation were analyzed using the paired T-test if the 
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data were normally distributed, and the Wilcoxon test 
if otherwise. Data on a nominal scale such as coughing 
and shortness of breath was analyzed using the Sign 
Test. The results of these analyses aimed to determine 
the therapeutic effect of NAC   on the clinical symptoms 
of COVID-19 patients. Patients were grouped according 
to the severity of their symptoms: mild, moderate, 
and severe.

Results
From 349 patients, the number of patients who 

met the inclusion criteria was 209. Figure 1 shows 
the distribution of patients based on the severity 
of their illness. The normality test for the severity 
of the patients revealed that the p-value for oxygen 
saturation, respiratory rate, and cough was less than 
0.05. Data were collected at the time of hospital 
admission and discharge, and clinical symptoms were 
assessed after patients had taken NAC for at least 
48 hours. 

Patients with mild, moderate, and severe symptoms 
were subjected to statistical analysis to determine the 
effect of NAC therapy on their clinical symptoms. The 

cough parameter was evaluated using a Sign test, and 
patients were classified as coughing (value of 1) or not 
coughing (value of 2). The positive difference suggested 
that 83 patients with mild symptoms reported an 
improvement in their symptoms from coughing to no 
coughing. Ties indicated that 28 patients did not suffer 
any symptomatic changes. The positive difference 
indicated that 43 patients with moderate symptoms 
received an improvement in their symptoms from 
coughing to not coughing, while 32 patients did not 
experience any changes. The positive and negative 
differences and ties were assessed using a p-value 
less than 0.05, suggesting a statistically significant 
difference between the cough parameters before and 
after NAC treatment (Table 1).

Meanwhile, in patients with severe symptoms, 
the positive difference indicated that nine patients 
experienced an improvement in their symptoms 
from coughing to not coughing. Ties showed that 
28 patients did not experience any changes in their 
coughing symptoms. The p-value was greater than 0.05, 
indicating no significant difference in the coughing 
parameters before and after using NAC (Table 1).

The Wilcoxon test was used to analyze the oxygen 
saturation and respiratory rate parameters. In patients 
with mild and moderate symptoms, the average oxygen 
saturation before NAC therapy was 97.12 ± 1.27 and 
94.93 ± 4.00, and after treatment, it was 98.01 ± 0.83 
and 95.04 ± 8.13 (respectively) (p < 0.05), indicating a 
significant difference in the oxygen saturation before 
and after NAC therapy (Figure 2, Figure 3). Similarly, 
in patients with mild and moderate symptoms, the 
average respiratory rate parameter before therapy was 
21.59 ± 2.14 and 23.32 ± 3.58, and after treatment, 
it was 20.44 ± 1.46 and 21.25 ± 3.37 (respectively) 
(p <0.05), indicating a significant difference in the 
respiratory rate value before and after NAC therapy 
(Figure 2, Figure 3).

In patient with severe symptoms, the average of 

oxygen saturation before NAC therapy was 83.91 ± 13.69,  
and after therapy, it was 79.22 ± 23.37 (p > 0.05), 

Figure 1. Characteristics of patients based on the severity 
degree

Table 1. Sign test for cough in COVID-19 patients 

Severity Positive difference Negative difference Ties P value 

Mild 83 0 28 < 0.0001 (n = 111)

Moderate 43 0 31 < 0.0001 (n = 75)

Severe 9 0 14 > 0.180 (n = 23)
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indicating no significant difference in the oxygen 
saturation before and after NAC therapy. Similarly, 
the average respiratory rate parameter before therapy 
was 26.70 ± 9.57, and after therapy, it was 26.43 ± 9.57 
(p >0.05), indicating no significant difference in the 
respiratory rate value before and after NAC therapy 
(Figure 4).

Discussions
Most patients treated in the Santa Elisabeth 

Purwokerto General Hospital had mild degrees of 
COVID-19 because this hospital was not the first 
referral for COVID-19 patients. Hence, the patients 
treated were mostly those with mild to moderate 
degrees of disease severity. Patients were grouped into 
three categories based on severity: mild, moderate, 
and severe. The classification was made according to 
the COVID management guidelines 3rd edition 2020, 
which categorizes patients based on symptoms and 
oxygen saturation values. A mild degree of disease 
was defined as a patient having a fever, cough, or 

sore throat with an oxygen saturation value greater 
than 95%. A moderate degree was defined as a patient 
experiencing symptoms of pneumonia, such as a 
fever, cough, or shortness of breath, with an oxygen 
saturation value of at least 93%. A severe degree 
was defined as a patient exhibiting symptoms of 
pneumonia, such as fever, cough, and shortness of 
breath, with an oxygen saturation value lower than 
93% [11]. 

Out of a total of 100 patients, 43 patients (43%) 
were classified as mild, 25 patients (25%) as moderate, 
and 32 patients (32%) as severe. The most common 
degree of disease severity in COVID-19-positive 
patients at the Goeteng General Hospital was mild, 
which was in line with Rifaldi's study (2021) that 
found the largest population of COVID-19 positive 
patients had mild severity, accounting for 77 patients 
(53%) [12].

Of the 209 patients who met the inclusion criteria, 
111 patients (53.11%) had a mild degree of disease 
severity, which was consistent with the findings of two 

Figure 2. Wilcoxon test in patients with mild degree of COVID-19. (A) Oxygen saturation (SPO2), (B) Respiratory rate

Figure 3. Wilcoxon test in patients with moderate degree of COVID-19. (A) Oxygen saturation (SPO2), (B) Respiratory rate
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studies by Qi et al. (2021) dan Shoaib et al. (2021) who 
reported that most COVID-19 positive patients had 
mild degrees of severity [13] [14].

Studies have shown that COVID-19 is associated 
with a hyperinflammatory state [15] and NAC can 
help reduce hyperinflammation in COVID-19. Several 
reports have proposed NAC as a potential treatment 
for SARS-CoV-2, particularly in patients experiencing 
ARDS symptoms related to COVID-19 [16] [17]. NAC 
has been found to inhibit viral replication, modulate 
pro-inflammatory cytokine production, and inhibit 
oxidative damage, potentially reducing acute lung 
damage during COVID-19 [4].

Several reports have documented NAC clinical 
trials for various purposes. NAC (600 mg, twice daily) 
reduced influenza symptoms in 262 elderly persons 
in a double-blinded randomized placebo-controlled 
clinical trial by Millea (2009). NAC participants had 
less clinical illness and milder influenza episodes. NAC 
improved cell-mediated immunity more than placebo 
[18]. Szakmany et al. (2012) observed no significant 
effect of intravenous NAC on hospital stay, mechanical 
ventilation, or organ failure in sepsis and septic shock 
patients. Early and late NAC administration did not 
impact oxidative-inflammatory reactions [19].

Taher et al. (2021) conducted a study on NAC 
therapy for COVID-19, comparing NAC with a placebo 
in COVID-19 patients, but found no evidence of NAC’s 
potential to treat patients with ARDS associated with 
COVID-19 [20]. Zhang et al. (2017) reported that 
although NAC in ARDS patients reduced the length 
of stay in the ICU, it did not significantly reduce 
mortality and did not increase oxygen saturation 
values [21].

In our study, we only evaluated the clinical symptoms 
of COVID-19 patients due to the incompleteness of 
their medical records, particularly laboratory data. 
Most laboratory examinations were performed only 
once upon admission to the hospital, which limits 
our ability to assess the impact of NAC therapy on 
reducing hyperinflammation in COVID-19 patients. A 
limitation of this study is that NAC was administered 
concomitantly with other COVID-19 therapy drugs, 
such as antivirals and symptomatic drugs, so the 
improvement in clinical symptoms may not solely be 
attributed to NAC therapy.

Conclusions
The impact of NAC on clinical symptoms was 

observed in patients with mild to moderate severity, but 
no significant effect was seen in patients with severe 
disease severity. The symptoms that were affected by NAC 
include cough, oxygen saturation, and respiratory rate.
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