
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 



 
 

 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 



 
 
 

 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 



 
 
 
 

Factors Influencing the Delay in Negative Conversion of PCR Swab 
Test Results in Patients with COVID-19 

 

 

1. Introduction 

Coronavirus disease 2019 (COVID-19) was an infectious disease caused by Severe Acute 

Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) virus.1 Among all patients infected with 

SARS-CoV-2, 80% presented with mild or no symptoms, while 15% presented with severe 

symptoms requiring oxygen treatment, and the rest were in critical condition requiring 

mechanical ventilation with severe lung injury and multiorgan dysfunction.2–4 

The preferred method to detect virus was nucleic acid amplification test such as real-time 

reverse transcription polymerase chain reaction (rRT-PCR) and sequencing. Samples were 

confirmed (positive) as SARS-CoV-2 when rRT-PCR showed positive results in a minimum of 

two target genomes specific for SARS-CoV-2 or positive rRT-PCR for betacoronavirus 

supported by the result of whole or partial viral genome sequencing compatible with SARS-

CoV-2.5,6 

Hu et al. reported that SARS-CoV-2 RNA showed negative conversion on day 14 after 

the first positive RT-PCR result. Meanwhile, Zhou et al. reported that RNA viral load could 



still be found for a mean duration of 20 days in patients that had recovered from COVID-19, 

and Ling et al. found that viral shedding lasted for a mean duration of 9.5 days. Different results 

from these previous studies may be influenced by the severity of disease and sampling method. 

Older age and comorbidity were also reportedly correlated with PCR negative conversion time. 

Factors influencing the delay in negative conversion of PCR results could provide early warning 

signal for poor prognosis.7–9 

Many studies regarding COVID-19 cases were more focused on the epidemiological, 

clinical, laboratory, and radiologic characteristics to support the development of diagnostic and 

treatment strategy for patients. On the other hand, studies regarding the predictive factors 

associated with negative conversion time in patient with COVID-19 were very limited.7 For 

this reason, the current study aims to identify thefactors influencing the delay in negative 

conversion of PCR swab test results in patients with COVID-19 
 

2. Methods 

A retrospective cross-sectional study involving 68 diagnosed with COVID-19 that was 

treated in Dr. Kariadi General Hospital Medical Center Semarang from June 1st to December 

30th 2020. Negative conversion was evaluated based on the RT-PCR swab test result on day 7, 

14 and 21.   

Inclusion criteria for the current study were patients with positive COVID-19 

diagnosis based on the result of RT-PCR and rapid molecular test using specimens collected 

from nasal or throat mucosal swab or bronchial wash. Sixty-eight patients with confirmed 

diagnosis of COVID-19 were selected as study subjects. 

Negative conversion of viral RNA was the outcome measure in the current study. 

Univariate Kaplan-Meier analysis and multivariate Cox proportional hazards model analysis 

analyses were performed to detect the independent factors influencing the duration of RNA 

negative conversion. The multivariate regression model was performed with the significant 

factors selected by univariate analysis. The association betweenindependent factors and 

negative conversion was quantified by hazard ratio (HR), reported with the 95% confidence 

interval (CI).  

Ethical approval was obtained from theThe Medical Research Ethics Committee at 

The Faculty of Medicine Diponegoro University/Dr. Kariadi Hospital Medical Center 

Semarang.  
 

3. Results 

Sixty-eight patients that was treated in Dr. Kariadi General Hospital Medical Center Semarang 

for COVID-19 were included in the current study. Mean negative conversion time for all patients 

were 11.63±5.08 days. The majority of subjects were male (57.4%), and the overall average age 

was 48 (range 20-85). 

Twenty-seven subjects (39.7%) had normal body mass index, while 33 (48.5%) were 

overweight, 6 (8.8%) were obese, and 1 (2.9%) was underweight. Forty-two (61.8%) subjects had 

fever (body temperature >38C). Dry cough, shortness of breath, cold, sore throat, diarrhea, 

nausea, and vomiting were reported in 29 (57.4%), 34 (50%), 13 (19.1%), 21 (30.9%), 13 (19.1%), 

and 23 (33.8%) subjects, respectively. Diabetes mellitus, hypertension, cardiovascular disease, 

malignancy, chronic pulmonary disease, dyslipidemia, kidney failure and liver disease were 

reported in 17 (25%), 30 (44.1%), 5 (7.4%), 4 (5.9%), 9 (13.2%), 8 (11.8%), 2 (2.9%), and 3 

(4.4%) subjects, respectively. Four (5.9%) subjects were reported to have smoking habit.  

Mean leukocytes, platelets, lymphocytes, neutrophils, NLR, ALC, PLR, albumin, CRP and 

CAR values for all subjects were 10.47±7.79 x103/dL, 278.66±157.98 x103/dL, 14.73±9.28%, 



75.66±15.82%, 7.38±6.67%, 1674.02±2450.39, 254.15±183.07, 3.33±0.74, 12.84±12.23, and 3.73 

±3.77, respectively.  

Forty subjects (58.8%) had received antiviral treatments, while antibiotic and steroids were 

each given to 50 (73.5%) subjects (Table 1). Negative conversion status on day 7, 14 dan 21 for 

all study subjects was presented on Table 1. 

 

Table 1. Univariate analysis in 68 subjects with negative conversion. 

Factors 

Patient 

numbers 

(%) 

Patient with negative conversion 

(%) P value 

7 days 14 days 21 days 

Total 68 (100) 33 (48.5) 25 (36.8) 10 (14.7)  

Gender 

Male 

Female 

 

39 (57.4) 

29 (42.6) 

 

16 (48.5) 

17 (51.5) 

 

16 (64) 

9 (36) 

 

7 (70) 

3 (30) 

0.166 

Age 

<59 years 

≥59 years 

 

39 (57.4) 

29 (42.6) 

 

27 (81.8) 

6 (18.2) 

 

18 (72) 

7 (28) 

 

3 (30) 

7 (70) 

0.004* 

BMI 

<18.5 kg/m2 

18.5-24.9 kg/m2 

25-29.9 kg/m2 

≥30 kg/m2 

 

1 (2.9) 

27 (39.7) 

33 (48.5) 

6 (8.8) 

 

1 (3) 

21 (63.6) 

7 (21.2) 

4 (12.1) 

 

1 (4) 

5 (20) 

18 (72) 

1 (4) 

 

- 

1 (10) 

8 (80) 

1 (10) 

0.001* 

Temperature 

<38oC 

≥38oC 

 

26 (38.2) 

42 (61.8) 

 

18 (54.5) 

15 (45.5) 

 

6 (24) 

19 (76) 

 

2 (20) 

8 (80) 

0.014* 

Dry cough 

Yes 

No 

 

39 (57.4) 

29 (42.6) 

 

16 (48.5) 

17 (51.5) 

 

17 (68) 

8 (32) 

 

6 (60) 

4 (40) 

0.331 

Shortness of 

breath 

Yes 

No 

 

34 (50) 

34 (50) 

 

8 (24.2) 

25 (75.8) 

 

17 (68) 

8 (32) 

 

9 (90) 

1 (10) 

0.000* 

Cold 

Yes 

No 

 

13 (19.1) 

55 (80.9) 

 

5 (15.2) 

28 (84.8) 

 

5 (20) 

20 (80) 

 

3 (30) 

7 (70) 

0.309 

Sore throat 

Yes 

No 

 

21 (30.9) 

47 (69.1) 

 

11 (33.3) 

22 (66.7) 

 

5 (20) 

20 (80) 

 

5 (50) 

5 (50) 

0.558 

Diarrhea 

Yes 

No 

 

13 (19.1) 

55 (80.9) 

 

7 (21.2) 

26 (78.8) 

 

3 (12) 

22 (88) 

 

3 (30) 

7 (70) 

0.758 

Nausea, vomiting 

Yes  

No 

 

23 (33.8) 

45 (66.2) 

 

9 (27.3) 

24 (72.7) 

 

12 (48) 

13 (52) 

 

2 (20) 

8 (80) 

0.946 

Diabetes Mellitus 

Yes 

No 

 

17 (25) 

51 (75) 

 

2 (6.1) 

31 (93.9) 

 

8 (32) 

17 (68) 

 

7 (70) 

3 (30) 

0.000* 

Hypertension     0.768 



Yes 

No 

30 (44.1) 

38 (55.9) 

15 (45.5) 

18 (54.5) 

11 (44) 

14 (56) 

4 (40) 

6 (60) 

Cardiovascular 

disease 

Yes 

No 

 

 

5 (7.4) 

63 (92.6) 

 

 

2 (6.1) 

31 (93.9) 

 

 

3 (12) 

22 (88) 

 

 

- 

10 (100) 

0.745 

Malignancy 

Yes 

No 

 

4 (5.9) 

64 (94.1) 

 

- 

33 (100) 

 

4 (16) 

21 (84) 

 

- 

10 (100) 

0.540 

Lung disease 

Yes 

No 

 

9 (13.2) 

59 (86.8) 

 

5 (15.2) 

28 (84.8) 

 

3 (12) 

22 (88) 

 

1 (10) 

9 (90) 

0.639 

Dyslipidemia 

Yes 

No 

 

8 (11.8) 

60 (88.2) 

 

5 (15.2) 

28 (84.8) 

 

2 (8) 

23 (92) 

 

1 (10) 

9 (90) 

0.526 

Renal failure 

Yes 

No 

 

2 (2.9) 

66 (97.1) 

 

- 

33 (100) 

 

2 (8) 

23 (92) 

 

- 

10 (100) 

0.672 

Liver disease 

Yes 

No 

 

3 (4.4) 

65 (95.6) 

 

2 (6.1) 

31 (93.9) 

 

- 

25 (100) 

 

1 (10) 

9 (90) 

0.860 

Smoking habit 

Yes 

No 

 

4 (5.9) 

64 (94.1) 

 

- 

33 (100) 

 

4 (16) 

21 (84) 

 

- 

10 (100) 

0.540 

Leukocytes 

< 4000 

≥ 4000 

 

10 (14.7) 

58 (85.3) 

 

4 (12.1) 

29 (87.9) 

 

4 (16) 

21 (84) 

 

2 (20) 

8 (20) 

0.525 

Platelets 

< 150000 

≥ 150000 

 

15 (22.1) 

53 (77.9) 

 

6 (18.2) 

27 (81.8) 

 

6 (24) 

19 (76) 

 

3 (30) 

7 (70) 

0.414 

Lymphocytes 

< 20% 

≥ 20% 

 

55 (80.9) 

13 (19.1) 

 

28 (84.8) 

5 (15.2) 

 

19 (76) 

6 (24) 

 

8 (80) 

2 (20) 

0.607 

Neutrophils 

< 70% 

≥ 70% 

 

15 (22.1) 

53 (77.9) 

 

4 (12.1) 

29 (87.9) 

 

6 (24) 

19 (76) 

 

5 (50) 

5 (50) 

0.016* 

NLR 

< 3.13 

≥ 3.13 

 

11 (16.2) 

57 (83.8) 

 

5 (15.2) 

28 (84.8) 

 

5 (20) 

20 (80) 

 

1 (10) 

9 (90) 

0.838 

ALC 

< 1500 

≥ 1500 

 

49 (72.1) 

19 (27.9) 

 

22 (66.7) 

11 (33.3) 

 

19 (76) 

6 (24) 

 

8 (80) 

2 (20) 

0.344 

PLR 

< 200 

≥ 200 

 

31 (45.6) 

37 (54.4) 

 

16 (48.5) 

17 (51.5) 

 

10 (40) 

15 (60) 

 

5 (50) 

5 (50) 

 

0.922 

Albumin 

< 3.0 

≥ 3.0 

 

26 (38.2) 

42 (61.8) 

 

6 (18.2) 

27 (81.8) 

 

14 (56) 

11 (40) 

 

6 (60) 

4 (40) 

0.004* 

CRP 

< 10 

 

33 (48.5) 

 

20 (60.6) 

 

10 (40) 

 

3 (30) 

0.050* 



≥ 10 35 (51.5) 13 (39.4) 15 (60) 7 (70) 

CAR 

< 0.25 

≥ 0.25 

 

12 (17.6) 

56 (82.4) 

 

9 (27.3) 

24 (72.7) 

 

2 (8) 

23 (92) 

 

1 (10) 

9 (90) 

0.084 

Antiviral 

Yes 

No 

 

40 (58.8) 

28 (41.2) 

 

28 (84.8) 

5 (15.2) 

 

10 (40) 

15 (60) 

 

2 (20) 

8 (80) 

 

0.000* 

Antibiotic 

Yes 

No 

 

50 (73.5) 

18 (26.5) 

 

23 (69.7) 

10 (30.3) 

 

17 (68) 

8 (32) 

 

10 (100) 

- 

0.100 

Steroid 

Yes 

No 

 

50 (73.5) 

18 (26.5) 

 

10 (30.3) 

23 (69.7) 

 

6 (24) 

19 (76) 

 

4 (40) 

6 (60) 

0.706 

*P<0.05; significant. P value from Kaplan-Meier analysis. 

Abbreviation; BMI, body mass index; NLR, neutrophil-to-lymphocyte ratio; ACL, absolute 

neutrophil count; PLR, platelet-to-lymphocyte ratio; CRP, C-reactive protein; CAR, C-reactive 

protein/albumin ratio. 

 

Thirty-one factors were evaluated in the initial univariate Cox and Kaplan-Meier analysis 

(Table 1 and 2). Older age (>59 years), overweight (>25 kg/m2), fever (>38C), shortness of 

breath, diabetes mellitus, neutrophilia, hypoalbuminemia, CRP and antiviral treatment showed 

significant association with negative conversion time. These factors were then included in a 

multivariate regression analysis. Hypoalbuminemia or albumin level of <3.0 g/dL was found as an 

independent factor associated with negative conversion time of viral RNA (HR:1.986; 

95%CI:1.098-3.594), and hypoalbuminemia was presumed to cause prolonged viral clearance time 

in patients with COVID-19 (Table 2). 

 

 

 

 

Table 2. Univariate and multivariate analysis in 68 subjects with negative conversion. 

Factors 
Univariate analysis 

P value 
Multivariate analysis 

P value 
HR 95%CI HR 95%CI 

Gender 0.901 0.708-1.148 0.400 - - - 

Age 0.620 0.360-1.068 0.085* 0.905 0.487-1.681 0.752 

BMI 0.718 0.492-1.050 0.087* 0.692 0.428-1.118 0.133 

Temperature 0.680 0.413-1.119 0.129* 0.791 0.427-1.467 0.457 

Dry cough 1.155 0.713-1.871 0.558 - - - 

Cold 1.201 0.655-2.204 0.553 - - - 

Shortness of 

breath 

1.994 1.199-3.315 0.008* 1.385 0.791-1.425 
0.254 

Sore throat 1.097 0.652-1.846 0.727 - - - 

Diarrhea 1.058 0.576-1.943 0.856 - - - 

Nausea, 

vomiting 

1.011 0.609-1.679 0.967 - - 
- 

Diabetes 

Mellitus 

1.986 1.115-3.537 0.020* 1.926 0.995-3.729 
0.520 



Hypertension 0.957 0.593-1.546 0.859 - - - 

Cardiovascular 

disease 

0.906 0.362-2.268 0.834 - - 
- 

Malignancy 1.220 0.440-3.382 0.703 - - - 

Lung disease  0.902 0.447-1.820 0.773 - - - 

Dyslipidemia 0.864 0.413-1.808 0.698 - - - 

Kidney failure 1.209 0.294-4.969 0.792 - - - 

Liver disease 1.060 0.331-3.396 0.922 - - - 

Smoking habit 1.220 0.440-3.382 0.703 - - - 

Leukocytes 1.137 0.580-2.225 0.709 - - - 

Platelets 1.152 0.648-2.045 0.630 - - - 

Lymphocytes 0.910 0.497-1.666 0.759 - - - 

Neutrophils 1.512 0.843-2.713 0.166* 1.306 0.683-2.498 0.419 

NLR 0.959 0.502-1.832 0.900 - - - 

ALC 1.170 0.688-1.990 0.562 - - - 

PLR 0.986 0.611-1.589 0.953 - - - 

Albumin 1.540 0.935-2.534 0.090* 1.986 1.098-3.594 0.023** 

CRP 0.751 0.465-1.215 0.244* 0.953 0.561-1.619 0.860 

CAR 0.704 0.375-1.322 0.275 - - - 

Antiviral 0.519 0.312-0.862 0.011* 0.704 0.383-1.294 0.258 

Antibiotic 1.357 0.778-2.368 0.283 - - - 

Steroid 1.062 0.629-1.792 0.823 - - - 

*P<0.25; significant, P value from univariate cox regression analysis. 

**P<0.25; significant, P value from multivariate cox regression analysis. 

Abbreviation; BMI, body mass index; NLR, neutrophil-to-lymphocyte ratio; ACL, absolute 

neutrophil count; PLR, platelet-to-lymphocyte ratio; CRP, C-reactive protein; CAR, C-reactive 

protein/albumin ratio; HR, hazard ratio; 95%CI, confidence interval. 
 

4. Discussion 

This was a retrospective study aimed to analyze the factors that may influence the delay 

in negative conversion of viral RNA in 68 patients with COVID-19 that was treated in Dr. 

Kariadi General Hospital Medical Center Semarang from June to December 2020. Factors such 

as clinical symptoms, comorbidities, laboratory test results and treatment were analyzed. 

Variables in the univariate analysis that showed significant value as influencing factors for 

prolonged negative conversion time of viral RNA (p<0.05) wereage, body mass index, fever, 

shortness of breath, diabetes mellitus, neutrophilia, hypoalbuminemia and antiviral treatment. 

The finding where older age (>59 years) was associated with delay in negative 

conversion time of SARS-CoV-2 RNA was consistent with the results from previous studies. 

Study by Hu et al. in 59 patients that were admitted with a diagnosis of COVID-19 reported 

that older age (>45 years) was an independent factor associated with delay in negative 

conversion time of viral RNA.7 Another study by Zhang et al. in 70 patients that were diagnosed 

with COVID-19 also reported that older age (>50 years) significantly cause a delay in negative 

conversion time of viral RNA.10 Elderly patients with COVID-19 reportedly had worse clinical 

outcome in comparison with younger patients.9 Older age may also affected the number and 

function of T cells, resulting in uncontrolled viral replication and excessive host inflammatory 

response. This age-related disorder may also impair the ability of host cells to eradicate invasive 

pathogens, thus prolonging viral shedding in the elderly.7 Comorbidities that came with older 

age also played a role in causing prolonged negative conversion time. Whilst the severity of 

disease and comorbidities has no direct influence to PCR conversion time, these may indirectly 



influence the clearance of viral nucleic acid.11 Older age was also reportedly associated with 

the numbers of viral RNA copies in patients with SARS-CoV infection, where increasing age 

was independently associated with higher viral load.12 

Obesity was widely associated with a more severe clinical presentation of COVID-19 

and a higher increase in inflammatory markers. This was possibly related to an increase in 

oxygen demand, thus prolonging the need of supplemental oxygen therapy during 

hospitalization, delaying viral clearance, and ultimately leading to prolonged hospitalization.13 

Univariate analysis found a significant association between body weight and prolonged 

negative conversion time of patients with COVID-19, where the negative conversion time will 

increase with increasing body weight. This result was supported by a previous studyby Moriconi 

et al. that reported a longer negative conversion time in obese patients with COVID-19 (body 

mass index ≥30 kg/m2) in comparison with non-obese patients (19±8 days vs. 13±7 days, 

p=0.002).13 Obesity was known to cause disorders on both innate and adaptive immune systems, 

such as abnormal T cell activity, abnormal natural killer cell activity, disorders of phagocytic 

function, inhibition of neutrophil chemotaxis, and failure of the complement system.14 Obesity 

may also cause hyper-activation of mammalian target of rapamycin (mTOR) signaling, thus 

prolonging the duration of viral shedding.15 

The current study found that body temperature above 38C may prolong negative 

conversion time, where patients with fever has a significantly longer negative conversion time 

in comparison to patients with normal body temperature. This was consistent with previous 

study by Li et al. where body temperature was reportedly found as an independent factor 

associated with the duration of viral shedding, in which patients with higher body temperature 

showed longer period of viral shedding (<37.3C (9 days, IQR 7-11); 37.3-38.5C (11 days, 

IQR 7-13); ≥38.5C (12.5 days, IQR 9-17); p=0.046). The study believed that the higher the 

body temperature of COVID-19 patients, the longer the patient will show persistent positive 

nucleic acid test results.16 A retrospective study in children with COVID-19 also reported the 

same result, where longer duration of viral shedding was associated with higher body 

temperature. Fever was a manifestation of inflammatory response elicited by immune response. 

However, this study did not evaluate the cytokine levels in their subjects, thus the cause-and-

effect relationship between longer viral clearance time and fever had not been clearly 

demonstrated.17 

Patients with shortness of breath in the current study showed statistically longer negative 

conversion time in comparison with patients without this symptom. A similarly significant 

association between these two variables was also reported by Hu et al., wherein shortness of 

breath was proven to be an independentpredictive factor for prolonged negative conversion time 

of viral RNA in patients with COVID-19 (HR: 0.290; 95%CI: 0.091-0.919).7 

Diabetes mellitus (DM) was considered a comorbidity that may increase mortality and 

morbidity rate in in patients with SARS CoV-2 infection. The current study found a 

significantly longer negative conversion time of SARS-CoV-2 RNA in patients with DM in 

comparison with those without this comorbidity. A retrospective cohort study in 70 patients 

diagnosed with COVID-19 reported that DM was an independent predictive factor for 

prolonged negative conversion time.10 Another recent study also reported that DM comorbidity 

in patients with COVID-19 was associated with prolonged viral cleareance.18 Immune system 

dysregulation caused by diabetes mellitus may play a role in the pathogenesis COVID-19, 

particularly in prolonging the detection time of SAR-CoV-2 RNA. The mechanism underlying 

such dysregulation of the immune system in patients with DM were hyperglycemia, inhibition 

of neutrophil chemotaxis, cytokine dysregulation, and phagocytic cell dysfunction. Diabetic 

patients also presented with higher risk to develop severe disease, higher mortality rate, and 

was found to be a risk factor for disease progression.10 



The current study found that increased neutrophil count (>70%) was significantly 

associated with prolonged negative conversion time of viral RNA. Similar result was also 

reported by Mo et al., where patients with prolonged negative conversion time (>18 days) had 

a significantly higher neutrophil count (3.94 [2.31-7.75]109/L), and that neutrophil count was 

proven to be an independent predictive factor for prolonged negative conversion time (OR, 

0.097; 95%CI:0.015-0.631]; p=0.015).19 Neutrophil was a widely known marker of systemic 

inflammation that was found to be a risk factor for the development of ARDS and progression 

from ARDS to mortality in patients with COVID-19.20 Neutrophil, a main source of cytokines, 

would release cytokines and chemokines in a large number to help regulate the immune 

responses such as antiviral defense, hemopoietic action, angiogenesis or fibrogenesis.20 

Overproduction of neutrophil maycontribute to acute lung injury and cytokine storm in COVID-

19, thus prolonging the viral clearance time.19 High neutrophil production was also associated 

with increased CD4+ lymphocyte ratio. In a previous study, increased CD4+ lymphocyte ratio 

was associated with a delay in negative conversion up to 24 days, most likely due to 

dysregulated immune system and prolonged viral clearance time.21 

Patients with increased C-reactive protein (CRP) level (>10) in the current study showed 

significantly longer negative conversion time of viral RNA in comparison to patients with lower 

CRP level (<10). A previous study by Moriconi et al. also reported the same result, where higher 

CRP level in obese patients with COVID-19 was associated with longer time for negative result 

from oropharyngeal or nasal swab test.13 Study by Gao et al. also reported an association 

between increased CRP level and prolonged viral RNA shedding up to 28 days in patients with 

COVID-19.22 Two to ten-fold increase in serum CRP levels above normal value reportedly 

caused a significantly prolonged duration of viral shedding, and also showed a significant 

negative correlation with CD4+ T lymphocyte counts, a factor that was known to influence 

immune response and viral shedding.23 Analysis conducted with multiple linear regression 

model by Fu et al.found that CD4+ T lymphocyte counts could help predict the duration of viral 

RNA shedding in stool specimen and lower absolute CD4+ T lymphocyte counts before 

treatment may prolong the viral clearance time.8 

Antiviral treatment was found to significantly shorten the negative conversion time in 

patient with COVID-19. Result from the univariate analysis in the current study indicated that 

patients receiving antiviral therapy had significantly shorter negative conversion time in 

comparison with patients that did not receive this therapy. Previous study by Fu et al. also 

reported that the time when antiviral therapy was first initiated was an independent factor 

associated with SARS-CoV-2 RNA shedding (HR=1.467, 95%CI: 1.187-1.815, p<0.001).24 

The study reported shorter negative conversion time in patients who received antiviral therapy 
 

5. Conclusion 

Factors that were found to influence the delay in negative conversion of viral RNA in 

patients with COVID-19 based on univariate analysis were older age, overweight, fever, 

shortness of breath, diabetes mellitus, neutrophilia, hypoalbuminemia, CRP and antiviral 

treatment. Hypoalbuminemia was an independent predictor for prolonged negative conversion 

of viral RNA in patients with COVID-19. 
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ABSTRACT 

 

BACKGROUND: The negative conversion time of 

SARS-CoV-2 RNA was related to disease progression, and 

a prolonged negative conversion could provide early 

warning signal for poor prognosis in patients with COVID-

19.  

OBJECTIVE: To identify the factors influencing the 

delay in negative conversion of PCR swab test results in 

patients with COVID-19 to better evaluate the severity of 

disease, prognosis, and treatment strategy.  

METHODS: A retrospective cross-sectional study 

involving 68 patients diagnosed with COVID-19 that was 

treated in Dr. Kariadi General Hospital Medical Center 

Semarang from June 1st to December 30th 2020. Negative 

conversion was evaluated based on the RT-PCR swab test 

result on day 7, 14 and 21. 

RESULTS: Mean negative conversion time for all patients 

was 11.63±5.08 days. Thirty-one factors were evaluated in 

the initial univariate Cox and Kaplan-Meier analysis. Older 

age (>59 years), overweight (>25 kg/m2), fever (>38C), 

shortness of breath, diabetes mellitus, neutrophilia, 

hypoalbuminemia, CRP and antiviral treatment showed 

significant association with negative conversion time. 

These factors were then included in a multivariate 

regression analysis. Hypoalbuminemia or albumin level of 

<3.0 g/dL was found as an independent factor associated 

with negative conversion time of viral RNA (HR:1.986; 

95%CI:1.098-3.594), and hypoalbuminemia was presumed 

to cause prolonged viral clearance time in patients with 

COVID-19. 

CONCLUSION: Factors influencing the delay in negative 

conversion of viral RNA in patients with COVID-19 were 

older age, overweight, fever, shortness of breath, diabetes 

mellitus, neutrophilia, hypoalbuminemia, CRP and 

antiviral treatment. Hypoalbuminemia was an independent 

predictor for prolonged negative conversion of viral RNA 

in patients with COVID-19. 

Keywords: COVID-19, SARS-CoV-2, negative 

conversion time, RT-PCR.  
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1. Introduction 

Coronavirus disease 2019 (COVID-19) was an infectious disease caused by Severe Acute 

Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) virus.1 Hu et al. reported that SARS-

CoV-2 RNA showed negative conversion on day 14 after the first positive RT-PCR result. 

Meanwhile, Zhou et al. reported that RNA viral load could still be found for a mean duration 

of 20 days in patients that had recovered from COVID-19, and Ling et al. found that viral 

shedding lasted for a mean duration of 9.5 days. Different results from these previous studies 

may be influenced by the severity of disease and sampling method. Older age and comorbidity 

were also reportedly correlated with PCR negative conversion time. Factors influencing the 

delay in negative conversion of PCR results could provide early warning signal for poor 

prognosis.2-4  

Many studies regarding COVID-19 cases were more focused on the epidemiological, 

clinical, laboratory, and radiologic characteristics to support the development of diagnostic and 

treatment strategy for patients. On the other hand, studies regarding the predictive factors 

associated with negative conversion time in patient with COVID-19 were very limited.7 For 

this reason, the current study aims to identify the factors influencing the delay in negative 

conversion of PCR swab test results in patients with COVID-19 
 

2. Methods 

A retrospective cross-sectional study involving 68 patients diagnosed with COVID-

19 that was treated in Dr. Kariadi General Hospital Medical Center Semarang from June 1st to 

December 30th 2020. Negative conversion was evaluated based on the RT-PCR swab test result 

on day 7, 14 and 21. Perdhana’s described that the minimum number of samples for research is 

30 respondents.5 Data were collected from patient’s medical record in Dr. Kariadi General 

Hospital, Semarang.  

Inclusion criteria for the current study were patients with positive COVID-19 diagnosis 

based on the result of RT-PCR using specimens collected from nasal or throat mucosal swab or 

bronchial wash. Sixty-eight patients with confirmed diagnosis of COVID-19 were selected as 

study subjects. The preferred method to detect virus was nucleic acid amplification test such as 

real-time reverse transcription polymerase chain reaction (rRT-PCR) and sequencing. Samples 

were confirmed (positive) as SARS-CoV-2 when rRT-PCR showed positive results in a 

minimum of two target genomes specific for SARS-CoV-2 or positive rRT-PCR for 

betacoronavirus supported by the result of whole or partial viral genome sequencing compatible 

with SARS-CoV-2.6,7 Patients who did not agree to be included in this study were excluded 

from the study. 

Negative conversion of viral RNA was the outcome measure in the current study. 

Univariate Kaplan-Meier analysis and multivariate Cox proportional hazards model analysis 

analyses were performed to detect the independent factors influencing the duration of RNA 

negative conversion. The multivariate regression model was performed with the significant 

factors selected by univariate analysis. The association between independent factors and 

negative conversion was quantified by hazard ratio (HR), reported with the 95% confidence 

interval (CI).  

Ethical approval was obtained from the The Medical Research Ethics Committee at 

The Faculty of Medicine Diponegoro University/ Dr. Kariadi General Hospital, Semarang.  
 

3. Results 

Sixty-eight patients that was treated in Dr. Kariadi General Hospital Medical Center Semarang 

for COVID-19 were included in the current study. All of the respondents were agreed to join in 
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this study, so no respondents were excluded. Mean negative conversion time for all patients were 

11.63±5.08 days. The majority of subjects were male (57.4%), and the overall average age was 48 

(range 20-85). 

Twenty-seven subjects (39.7%) had normal body mass index, while 33 (48.5%) were 

overweight, 6 (8.8%) were obese, and 1 (2.9%) was underweight. Forty-two (61.8%) subjects had 

fever (body temperature >38C). Dry cough, shortness of breath, cold, sore throat, diarrhea, 

nausea, and vomiting were reported in 29 (57.4%), 34 (50%), 13 (19.1%), 21 (30.9%), 13 (19.1%), 

and 23 (33.8%) subjects, respectively. Diabetes mellitus, hypertension, cardiovascular disease, 

malignancy, chronic pulmonary disease, dyslipidemia, kidney failure and liver disease were 

reported in 17 (25%), 30 (44.1%), 5 (7.4%), 4 (5.9%), 9 (13.2%), 8 (11.8%), 2 (2.9%), and 3 

(4.4%) subjects, respectively. Four (5.9%) subjects were reported to have smoking habit.  

Mean leukocytes, platelets, lymphocytes, neutrophils, NLR, ALC, PLR, albumin, CRP and 

CAR values for all subjects were 10.47±7.79 x103/dL, 278.66±157.98 x103/dL, 14.73±9.28%, 

75.66±15.82%, 7.38±6.67%, 1674.02±2450.39, 254.15±183.07, 3.33±0.74, 12.84±12.23, and 3.73 

±3.77, respectively.  

Forty subjects (58.8%) had received antiviral treatments, while antibiotic and steroids were 

each given to 50 (73.5%) subjects (Table 1). Negative conversion status on day 7, 14 dan 21 for 

all study subjects was presented on Table 1. 

 

Table 1. Univariate analysis in 68 subjects with negative conversion. 

Factors 
Patient 

numbers 

Patient with negative conversion 
P value 

7 days 14 days 21 days 

Total 68 33 25 10  

Gender 

Male 

Female 

 

39 

29 

 

16 

17 

 

16 

9 

 

7 

3 

0.166 

Age 

<59 years 

≥59 years 

 

39 

29 

 

27 

6 

 

18 

7 

 

3 

7 

0.004* 

BMI 

<18.5 kg/m2 

18.5-24.9 kg/m2 

25-29.9 kg/m2 

≥30 kg/m2 

 

1 

27 

33 

6 

 

1 

21 

7 

4 

 

1 

5 

18 

1 

 

- 

1 

8 

1 

0.001* 

Temperature 

<38oC 

≥38oC 

 

26 

42 

 

18 

15 

 

6 

19 

 

2 

8 

0.014* 

Dry cough 

Yes 

No 

 

39 

29 

 

16 

17 

 

17 

8 

 

6 

4 

0.331 

Shortness of 

breath 

Yes 

No 

 

 

34 

34 

 

 

8 

25 

 

 

17 

8 

 

9 

1 

0.000* 

Cold 

Yes 

No 

 

13 

55 

 

5 

28 

 

5 

20 

 

3 

7 

0.309 

Sore throat     0.558 
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Yes 

No 

21 

47 

11 

22 

5 

20 

5 

5 

Diarrhea 

Yes 

No 

 

13 

55 

 

7 

26 

 

3 

22 

 

3 

7 

0.758 

Nausea, vomiting 

Yes  

No 

 

23 

45 

 

9 

24 

 

12 

13 

 

2 

8 

0.946 

Diabetes Mellitus 

Yes 

No 

 

17 

51 

 

2 

31 

 

8 

17 

 

7 

3 

0.000* 

Hypertension 

Yes 

No 

 

30 

38 

 

15 

18 

 

11 

14 

 

4 

6 

0.768 

Cardiovascular 

disease 

Yes 

No 

 

 

5 

63 

 

 

2 

31 

 

 

3 

22 

 

 

- 

10 

0.745 

Malignancy 

Yes 

No 

 

4 

64 

 

- 

33 

 

4 

21 

 

- 

10 

0.540 

Lung disease 

Yes 

No 

 

9 

59 

 

5 

28 

 

3 

22 

 

1 

9 

0.639 

Dyslipidemia 

Yes 

No 

 

8 

60 

 

5 

28 

 

2 

23 

 

1 

9 

0.526 

Renal failure 

Yes 

No 

 

2 

66 

 

- 

33 

 

2 

23 

 

- 

10 

0.672 

Liver disease 

Yes 

No 

 

3 

65 

 

2 

31 

 

- 

25 

 

1 

9 

0.860 

Smoking habit 

Yes 

No 

 

4 

64 

 

- 

33 

 

4 

21 

 

- 

10 

0.540 

Leukocytes 

< 4000 

≥ 4000 

 

10 

58 

 

4 

29 

 

4 

21 

 

2 

8 

0.525 

Platelets 

< 150000 

≥ 150000 

 

15 

53 

 

6 

27 

 

6 

19 

 

3 

7 

0.414 

Lymphocytes 

< 20% 

≥ 20% 

 

55 

13 

 

28 

5 

 

19 

6 

 

8 

2 

0.607 

Neutrophils 

< 70% 

≥ 70% 

 

15 

53 

 

4 

29 

 

6 

19 

 

5 

5 

0.016* 

NLR 

< 3.13 

 

11 

 

5 

 

5 

 

1 

0.838 



≥ 3.13 57 28 20 9 

ALC 

< 1500 

≥ 1500 

 

49 

19 

 

22 

11 

 

19 

6 

 

8 

2 

0.344 

PLR 

< 200 

≥ 200 

 

31 

37 

 

16 

17 

 

10 

15 

 

5 

5 

 

0.922 

Albumin 

< 3.0 

≥ 3.0 

 

26 

42 

 

6 

27 

 

14 

11 

 

6 

4 

0.004* 

CRP 

< 10 

≥ 10 

 

33 

35 

 

20 

13 

 

10 

15 

 

3 

7 

0.050* 

CAR 

< 0.25 

≥ 0.25 

 

12 

56 

 

9 

24 

 

2 

23 

 

1 

9 

0.084 

Antiviral 

Yes 

No 

 

40 

28 

 

28 

5 

 

10 

15 

 

2 

8 

 

0.000* 

Antibiotic 

Yes 

No 

 

50 

18 

 

23 

10 

 

17 

8 

 

10 

- 

0.100 

Steroid 

Yes 

No 

 

50 

18 

 

10 

23 

 

6 

19 

 

4 

6 

0.706 

*P<0.05; significant. P value from Kaplan-Meier analysis. 

Abbreviation; BMI, body mass index; NLR, neutrophil-to-lymphocyte ratio; ACL, absolute 

neutrophil count; PLR, platelet-to-lymphocyte ratio; CRP, C-reactive protein; CAR, C-reactive 

protein/albumin ratio. 

 

Thirty-one factors were evaluated in the initial univariate Cox and Kaplan-Meier analysis 

(Table 1 and 2). Older age (>59 years), overweight (>25 kg/m2), fever (>38C), shortness of 

breath, diabetes mellitus, neutrophilia, hypoalbuminemia, CRP and antiviral treatment showed 

significant association with negative conversion time. These factors were then included in a 

multivariate regression analysis. Hypoalbuminemia or albumin level of <3.0 g/dL was found as an 

independent factor associated with negative conversion time of viral RNA (HR:1.986; 

95%CI:1.098-3.594), and hypoalbuminemia was presumed to cause prolonged viral clearance time 

in patients with COVID-19 (Table 2). 

Table 2. Univariate and multivariate analysis in 68 subjects with negative conversion. 

Factors 
Univariate analysis 

P value 
Multivariate analysis 

P value 
HR 95%CI HR 95%CI 

Gender 0.901 0.708-1.148 0.400 - - - 

Age 0.620 0.360-1.068 0.085* 0.905 0.487-1.681 0.752 

BMI 0.718 0.492-1.050 0.087* 0.692 0.428-1.118 0.133 

Temperature 0.680 0.413-1.119 0.129* 0.791 0.427-1.467 0.457 

Dry cough 1.155 0.713-1.871 0.558 - - - 

Cold 1.201 0.655-2.204 0.553 - - - 
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Shortness of 

breath 

1.994 1.199-3.315 0.008* 1.385 0.791-1.425 
0.254 

Sore throat 1.097 0.652-1.846 0.727 - - - 

Diarrhea 1.058 0.576-1.943 0.856 - - - 

Nausea, 

vomiting 

1.011 0.609-1.679 0.967 - - 
- 

Diabetes 

Mellitus 

1.986 1.115-3.537 0.020* 1.926 0.995-3.729 
0.520 

Hypertension 0.957 0.593-1.546 0.859 - - - 

Cardiovascular 

disease 

0.906 0.362-2.268 0.834 - - 
- 

Malignancy 1.220 0.440-3.382 0.703 - - - 

Lung disease  0.902 0.447-1.820 0.773 - - - 

Dyslipidemia 0.864 0.413-1.808 0.698 - - - 

Kidney failure 1.209 0.294-4.969 0.792 - - - 

Liver disease 1.060 0.331-3.396 0.922 - - - 

Smoking habit 1.220 0.440-3.382 0.703 - - - 

Leukocytes 1.137 0.580-2.225 0.709 - - - 

Platelets 1.152 0.648-2.045 0.630 - - - 

Lymphocytes 0.910 0.497-1.666 0.759 - - - 

Neutrophils 1.512 0.843-2.713 0.166* 1.306 0.683-2.498 0.419 

NLR 0.959 0.502-1.832 0.900 - - - 

ALC 1.170 0.688-1.990 0.562 - - - 

PLR 0.986 0.611-1.589 0.953 - - - 

Albumin 1.540 0.935-2.534 0.090* 1.986 1.098-3.594 0.023** 

CRP 0.751 0.465-1.215 0.244* 0.953 0.561-1.619 0.860 

CAR 0.704 0.375-1.322 0.275 - - - 

Antiviral 0.519 0.312-0.862 0.011* 0.704 0.383-1.294 0.258 

Antibiotic 1.357 0.778-2.368 0.283 - - - 

Steroid 1.062 0.629-1.792 0.823 - - - 

*P<0.25; significant, P value from univariate cox regression analysis. 

**P<0.25; significant, P value from multivariate cox regression analysis. 

Abbreviation; BMI, body mass index; NLR, neutrophil-to-lymphocyte ratio; ACL, absolute 

neutrophil count; PLR, platelet-to-lymphocyte ratio; CRP, C-reactive protein; CAR, C-reactive 

protein/albumin ratio; HR, hazard ratio; 95%CI, confidence interval. 
 

4. Discussion 

The finding where older age (>59 years) was associated with delay in negative 

conversion time of SARS-CoV-2 RNA was consistent with the results from previous studies. 

Study by Hu et al. in 59 patients that were admitted with a diagnosis of COVID-19 reported 

that older age (>45 years) was an independent factor associated with delay in negative 

conversion time of viral RNA.7 Another study by Zhang et al. in 70 patients that were diagnosed 

with COVID-19 also reported that older age (>50 years) significantly cause a delay in negative 

conversion time of viral RNA.10 Elderly patients with COVID-19 reportedly had worse clinical 

outcome in comparison with younger patients.9 Older age may also affected the number and 

function of T cells, resulting in uncontrolled viral replication and excessive host inflammatory 

response. This age-related disorder may also impair the ability of host cells to eradicate invasive 

pathogens, thus prolonging viral shedding in the elderly.7 Comorbidities that came with older 

age also played a role in causing prolonged negative conversion time. Whilst the severity of 
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disease and comorbidities has no direct influence to PCR conversion time, these may indirectly 

influence the clearance of viral nucleic acid.9 Older age was also reportedly associated with the 

numbers of viral RNA copies in patients with SARS-CoV infection, where increasing age was 

independently associated with higher viral load.10 

Obesity was widely associated with a more severe clinical presentation of COVID-19 

and a higher increase in inflammatory markers. This was possibly related to an increase in 

oxygen demand, thus prolonging the need of supplemental oxygen therapy during 

hospitalization, delaying viral clearance, and ultimately leading to prolonged hospitalization.13 

Univariate analysis found a significant association between body weight and prolonged 

negative conversion time of patients with COVID-19, where the negative conversion time will 

increase with increasing body weight. This result was supported by a previous study by 

Moriconi et al. that reported a longer negative conversion time in obese patients with COVID-

19 (body mass index ≥30 kg/m2) in comparison with non-obese patients (19±8 days vs. 13±7 

days, p=0.002).11 Obesity was known to cause disorders on both innate and adaptive immune 

systems, such as abnormal T cell activity, abnormal natural killer cell activity, disorders of 

phagocytic function, inhibition of neutrophil chemotaxis, and failure of the complement 

system.12 Obesity may also cause hyper-activation of mammalian target of rapamycin (mTOR) 

signaling, thus prolonging the duration of viral shedding.13 

The current study found that body temperature above 38C may prolong negative 

conversion time, where patients with fever has a significantly longer negative conversion time 

in comparison to patients with normal body temperature. This was consistent with previous 

study by Li et al. where body temperature was reportedly found as an independent factor 

associated with the duration of viral shedding, in which patients with higher body temperature 

showed longer period of viral shedding (<37.3C (9 days, IQR 7-11); 37.3-38.5C (11 days, 

IQR 7-13); ≥38.5C (12.5 days, IQR 9-17); p=0.046). The study believed that the higher the 

body temperature of COVID-19 patients, the longer the patient will show persistent positive 

nucleic acid test results.14 A retrospective study in children with COVID-19 also reported the 

same result, where longer duration of viral shedding was associated with higher body 

temperature. Fever was a manifestation of inflammatory response elicited by immune response. 

However, this study did not evaluate the cytokine levels in their subjects, thus the cause-and-

effect relationship between longer viral clearance time and fever had not been clearly 

demonstrated.15 

Patients with shortness of breath in the current study showed statistically longer negative 

conversion time in comparison with patients without this symptom. A similarly significant 

association between these two variables was also reported by Hu et al., wherein shortness of 

breath was proven to be an independent predictive factor for prolonged negative conversion 

time of viral RNA in patients with COVID-19 (HR: 0.290; 95%CI: 0.091-0.919).7 

Diabetes mellitus (DM) was considered a comorbidity that may increase mortality and 

morbidity rate in in patients with SARS CoV-2 infection. The current study found a 

significantly longer negative conversion time of SARS-CoV-2 RNA in patients with DM in 

comparison with those without this comorbidity. A retrospective cohort study in 70 patients 

diagnosed with COVID-19 reported that DM was an independent predictive factor for 

prolonged negative conversion time.10 Another recent study also reported that DM comorbidity 

in patients with COVID-19 was associated with prolonged viral cleareance.16 Immune system 

dysregulation caused by diabetes mellitus may play a role in the pathogenesis COVID-19, 

particularly in prolonging the detection time of SAR-CoV-2 RNA. The mechanism underlying 

such dysregulation of the immune system in patients with DM were hyperglycemia, inhibition 

of neutrophil chemotaxis, cytokine dysregulation, and phagocytic cell dysfunction. Diabetic 

patients also presented with higher risk to develop severe disease, higher mortality rate, and 

was found to be a risk factor for disease progression.10 
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The current study found that increased neutrophil count (>70%) was significantly 

associated with prolonged negative conversion time of viral RNA. Similar result was also 

reported by Mo et al., where patients with prolonged negative conversion time (>18 days) had 

a significantly higher neutrophil count (3.94 [2.31-7.75]109/L), and that neutrophil count was 

proven to be an independent predictive factor for prolonged negative conversion time (OR, 

0.097; 95%CI:0.015-0.631]; p=0.015).17 Neutrophil was a widely known marker of systemic 

inflammation that was found to be a risk factor for the development of ARDS and progression 

from ARDS to mortality in patients with COVID-19.20 Neutrophil, a main source of cytokines, 

would release cytokines and chemokines in a large number to help regulate the immune 

responses such as antiviral defense, hemopoietic action, angiogenesis or fibrogenesis.18 

Overproduction of neutrophil maycontribute to acute lung injury and cytokine storm in COVID-

19, thus prolonging the viral clearance time.19 High neutrophil production was also associated 

with increased CD4+ lymphocyte ratio. In a previous study, increased CD4+ lymphocyte ratio 

was associated with a delay in negative conversion up to 24 days, most likely due to 

dysregulated immune system and prolonged viral clearance time.19 

Patients with increased C-reactive protein (CRP) level (>10) in the current study showed 

significantly longer negative conversion time of viral RNA in comparison to patients with lower 

CRP level (<10). A previous study by Moriconi et al. also reported the same result, where higher 

CRP level in obese patients with COVID-19 was associated with longer time for negative result 

from oropharyngeal or nasal swab test.11 Study by Gao et al. also reported an association 

between increased CRP level and prolonged viral RNA shedding up to 28 days in patients with 

COVID-19.20 Two to ten-fold increase in serum CRP levels above normal value reportedly 

caused a significantly prolonged duration of viral shedding, and also showed a significant 

negative correlation with CD4+ T lymphocyte counts, a factor that was known to influence 

immune response and viral shedding.21 Analysis conducted with multiple linear regression 

model by Fu et al.found that CD4+ T lymphocyte counts could help predict the duration of viral 

RNA shedding in stool specimen and lower absolute CD4+ T lymphocyte counts before 

treatment may prolong the viral clearance time.8 

Antiviral treatment was found to significantly shorten the negative conversion time in 

patient with COVID-19. Result from the univariate analysis in the current study indicated that 

patients receiving antiviral therapy had significantly shorter negative conversion time in 

comparison with patients that did not receive this therapy. Previous study by Fu et al. also 

reported that the time when antiviral therapy was first initiated was an independent factor 

associated with SARS-CoV-2 RNA shedding (HR=1.467, 95%CI: 1.187-1.815, p<0.001).22 

The study reported shorter negative conversion time in patients who received antiviral therapy. 

The limitation of this study are the small number of samples, and patients’ data that is till diverse 

such as smoking habits, patients’ comorbidities, and patient’s severity of Covid-19. 

Hypoalbuminemia was an independent predictor for prolonged negative conversion of 

viral RNA in patients with COVID-19. Further study is needed to be done on more samples and 

a more homogenous population.  
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