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a b s t r a c t   

In the era of SARS-CoV-2 variants and COVID-19 vaccination, the duration of infectious viral shedding and 
isolation in post vaccine breakthrough infections is challenging and depends on disease severity. The cur-
rent study described a case of SARS-CoV-2 Delta variant pneumonia requiring hospitalization. The patient 
received two doses of BNT162b2 COVID-19 vaccines, and he had positive SARS-CoV-2 viral cultures 12 days 
post symptom onset. The time between the second dose of vaccine and the breakthrough infection was 
6 months. While immunosuppression is a known risk factor for prolonged infectious viral shedding, age 
and time between vaccination and breakthrough infection are important risk factors that warrant further 
studies. 
© 2022 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health 

Sciences. 
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Background 

In the pre-era of SARS-CoV-2 variants and COVID-19 vaccination, 
the duration of infectious viral shedding and isolation was ten days 
in patients with mild to moderate COVID-19 disease, twenty days in 
severe disease and several months in immunocompromised patients  
[1]. Recently, in the era of SARS-CoV-2 variants and COVID-19 vac-
cination, the guidelines of isolation of COVID-19 were revised by 
Centers for disease control and prevention and the duration of iso-
lation of COVID-19 patients who received two doses of vaccines was 

limited to five days in mild disease and extended to 10 in moderate 
disease and 20 days in severe disease [2]. A recent study described 
the duration of infectious viral shedding in breakthrough SARS-CoV- 
2 Delta variants infections in ambulatory patients with mild disease 
and showed that 9 out of 10 patients (90%) had negative viral cul-
tures within 10 days of symptoms onset [3]. There are limited stu-
dies describing the duration of infectious viral shedding of post 
vaccine Delta variants breakthrough infections in hospitalized pa-
tients. The current study described the viral culture results of a 
patient who received two doses of BNT162b2 COVID-19 vaccine and 
was hospitalized with Delta variant COVID-19 pneumonia, six 
months post second dose of vaccine, in a tertiary care center in 
Jeddah, Saudi Arabia. The challenges of de-isolation for hospitalized 
and vaccinated patients infected with Delta variants were discussed. 
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This research was approved by the institutional research board. The 
patient was consented and agreed to participate in the study. 

Methods 

Serial swabs were collected for SARS-CoV-2 PCR and viral cul-
tures. Whole genome sequence was performed on one of the sam-
ples. SARS-CoV-2 PCR, whole genome sequence and viral culture 
were performed as previously described [4,5]. 

1. -SARS-CoV-2 PCR 

Abbott Real-time SARS-CoV-2 EUA test was used for the diag-
nosis of COVID-19 (Abbott Park, Illinois, USA). The test is authorized 
by the U.S. FDA. The RNA extraction was performed on the Abbott 
m2000sp while the DNA amplification on Abbott m2000rt platform. 
The assay detects dual targets genes RdRp and N-genes with a de-
tection limit of 1 copy per mL. 

2. -SARS-CoV-2 viral culture 

Cell line and SARS-CoV-2 culture 
Vero E6 cells were maintained in Dulbecco’s modified Eagle 

medium (DMEM) with 10% fetal bovine serum (FBS). A human SARS- 
CoV-2 clinical patient isolate (SARS-CoV-2/human/SAU/85791C/ 
2020, Genbank accession number: MT630432) was used in all ex-
periments as the positive control. Experiments were performed at 
the Special Infectious Agents Unit (SIAU) Biosafety level 3 facility at 
King Fahd Medical Research Center (KFMRC), King Abdulaziz 
University (KAU), Jeddah, Saudi Arabia. 

Detection of replicating SARS-CoV-2 
Collected samples were diluted at 1:10 dilution in DMEM with 

10% FBS, inoculated on Vero E6 cells in 6 well plates in duplicates, 
and incubated for 1hrat 37 °C. Inoculum was then removed and re-
placed with 2 mL DMEM with 2% FBS and incubated for 3 days at 
37 °C or until cytopathic effect (CPE) was observed in 85–90% of cells 
of the positive control samples. 

3. - Whole genome sequencing 

The patient’s nasopharyngeal sample was sent to the microbial 
genomics laboratory for SARS-CoV-2 whole-genome sequencing at 
the Department of Infection and Immunity, King Faisal Specialist 
Hospital and Research Center, Riyadh, Saudi Arabia. The samples 
were subjected to nucleic acid extraction using a MagMAX™ Viral/ 
Pathogen Nucleic Acid Isolation Kit (Cat No. A42352, Thermo Fisher 
Scientific; MA, USA). All positive samples for SARS-CoV-2 were 
converted to cDNA using SuperScript™ IV VILO™ Master Mix 
(ThermoFisher Scientific, USA). The cDNAs were amplified using the 
Ion AmpliSeq™ SARS-CoV-2 Insight Research Assay as indicated by 
the manufacturer’s instructions. Amplified products were ligated 
with unique barcode adapters using the Ion Xpress Barcode Adapters 
1–16 kit (ThermoFisher Scientific, USA) and purified with 1.5 × vo-
lume of Agencourt AMPure XP Reagent (Beckman Coulter, USA). 
Library was built and normalized to 33 pM using nuclease-free 
water, and up to 16 libraries were equally pooled for further pro-
cessing. Pooled libraries were used as a template input for emulsion 
PCR and enrichment of template-positive particles using the Ion 
Chef automated system with the Ion 510 Kit-Chef kit (ThermoFisher 
Scientific, USA) according to the manufacturer’s instructions. The 
obtained data were primarily processed (base calling, base quality 
recalibration, alignment, assembly, and variant calling) with Torrent 
Suite Server, version 5.12 (ThermoFisher Scientific, USA). De novo 
assembly of the contigs was performed using the assembly Trinity 
plugin (v1.2.1), and consensus sequences of each sample were 

generated using the IRMA plugin (v1.2.1). Variant call files were 
analyzed on the COVID19AnnotateSnpEff plugin to identify and an-
notate variants with public and private databases. 

Case presentation 

The patient was an 81-year-old male patient with a history of 
chronic obstructive pulmonary diseases and obstructive sleep apnea 
on home oxygen therapy (1–1.5 liters/minute) and nocturnal BiPAP. 
He was not maintained on any immunosuppressive medication. He 
received two doses of BNT162b2 COVID-19 vaccine, the second dose 
was six months prior to his admission. He did not have previous 
infection with COVID-19. He presented with fever, cough and dys-
pnea of two days duration. His Chest X ray showed bilateral lung 
infiltrates. He was diagnosed as a case of COVID-19 pneumonia 
based on a positive SARS-CoV-2 PCR of a nasopharyngeal swab (Ct 
value 10). He was started on remdesivir for 5 days, dexamethasone 
for 10 days and ceftriaxone for 14 days. His sputum culture grew pan 
susceptible Klebsiella pneumoniae. During his hospitalization, he 
was maintained on low flow oxygen through a nasal cannula (3 l/ 
minute). He did not require intensive care admission. During his 
admission, 12 days post symptoms onset, a follow up SARS-CoV-2 
PCR was performed, as his clinical status was back to his baseline, 
and he was requesting to be discharged home and to be de-isolated. 
The SARS-CoV-2 PCR remained positive with Ct value of 9. The in-
fectious diseases team were concerned to de-isolate him based on 
low Ct value SARS-CoV-2 PCR despite his clinical improvement. 
Multiple follow up SARS-CoV-2 PCR tests were performed to de-
termine the time of de-isolation (Table 1). He was considered re-
covered on day 20 post symptoms onset based on symptoms rather 
than SARS-CoV-2 PCR results as he remained clinically stable and his 
SARS-CoV-2 PCR remained positive with low Ct values until day 19. 
Unfortunately, only one sample was available for viral culture, 12 
days post symptom onset and it was positive. Most samples were 
sent for the national laboratory of ministry of health to include them 
in the whole genome sequence surveillance and they could not be 
retrieved for the current research project. 

Discussion 

The current study discussed the duration of post vaccine SARS- 
CoV-2 Delta Variant viral shedding in a patient hospitalized with 
COVID-19 pneumonia. He received two doses of BNT162b2 COVID-19 
vaccines vaccine, he was infected six months post second vaccine 
dose and the viral culture was positive 12 days post symptom onset. 

A recent review article evaluated the impact of age, vaccination 
status and time between the second dose of vaccine and break-
through infection on the duration of SARS-CoV-2 viral shedding [6]. 

In Singapore, using SARS-CoV-2 PCR Ct values as a surrogate 
marker of viral shedding, vaccinated hospitalized patients infected 
with Delta variants had a rapid decline in viral load compared to 
hospitalized unvaccinated patients infected with Delta variants, 6.6 
days versus 9.3 days [7]. In United Kingdom, although vaccination 
status and Delta variants did not affect SARS-CoV-2 peak viral load, 
old age (more than 50 years) was associated with an increased in 
peak viral load. In addition, individuals with high peak viral load had 

Table 1 
Serial PCR and Ct values in relation to days post symptoms onset. Viral culture was 
available on day 12 post symptoms onset only.     

Days post-symptoms SARS-CoV-2 PCR result Viral culture  

2 days Ct 10.46 Not available 
8 days Ct 7.53 Not available 
12 days Ct 9.33 positive 
19 days Ct 12.86 Not available 
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a slow viral decline and clearance [8]. Sidner et al. described the 
differences in viral clearance based on SARS-CoV-2 PCR testing and 
viral culture among vaccinated patients infected with Delta and non- 
Delta variants in the ambulatory setting [3]. Compared to individuals 
infected with non-Delta variants, those infected with Delta variants 
had longer duration of viral shedding by SARS-CoV-2 PCR (13.5 
versus 4.5 days) and viral culture (7 versus 4 days). In addition, 
compared to individuals vaccinated less than 3 months, those vac-
cinated more than 3 months had a longer duration of positive SARS- 
CoV-2 PCR (13.5 versus 3 days) and viral culture (7 versus 3 days). 
Among a cohort of patients infected with Delta variants, there was 
no difference in the duration of viral shedding between vaccinated 
and partially vaccinated individuals using SARS-CoV-2 PCR testing 
(13 days) and viral culture (5 days) [9]. The findings from the current 
study of persistent positive viral cultures for more than 10 days in 
hospitalized patients infected with Delta variants and defining the 
duration of isolation of these patients is challenging and requires 
further evaluation. While immunosuppression is a known risk factor 
for prolonged infectious viral shedding, determining duration be-
tween the last dose of vaccine and the breakthrough infection is 
important to predict the duration of infectious viral shedding and 
time of de-isolation. In view of waning post-vaccine antibody re-
sponses within six months in patients 65 years of age or older [10], 
patient may have more prolonged infectious viral shedding. In the 
current study, whereby a patient had a breakthrough infection six 
months post second vaccine dose and his viral culture was still po-
sitive 12 days post symptom onset. De-isolation may need to be 
extended more than 10 days for patients with moderate disease 
when the last dose of vaccine is more than six months even in the 
absence of immunosuppression. 

Serial SARS-CoV-2 PCR and viral cultures were not performed in 
the current study, in addition to lack of SARS-CoV-2 serological 
testing post vaccine. A large sample size study of hospitalized and 
vaccinated patients infected with SARS-CoV-2 variants is needed to 
confirm our findings. In the era of emergence of new variants and 
the different vaccination doses of individuals including boosters, the 
duration of isolation needs future studies in both ambulatory and 
hospitalized patients. In a recent study evaluating the efficacy of two 
versus three doses of COVID-19 mRNA vaccines during the Delta and 
Omicron surge, the Ct values of Delta and Omicron COVID-19 sam-
ples were higher among patients who received three mRNA vaccine 
compared to those who received two doses indicating a lower SAR- 
CoV-2 viral load among patients who had boosters compared to 
those who had only two vaccine doses [11]. Determining a reliable 
and a rapid surrogate marker for infectious viral shedding such as 
rapid antigen tests requires future studies as PCR testing is asso-
ciated with prolonged viral shedding and may not reflect infectious 
viral shedding while viral cultures are time consuming and needs 
special research laboratories [12]. 

Conclusions 

The current case study showed prolonged SARS-CoV-2 infectious 
viral shedding for 12 days post symptoms onset in a hospitalized 
patient with COVID-19 variant (Delta) pneumonia, who was more 
than 65 years old and was vaccinated 6 months prior to infection. A 
test-based approach may be required to end isolation. The ideal de- 
isolation test needs to be studied. 
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