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Prolonged SARS-CoV-2 RNA shedding in a young
man recovering from traumatic pneumothorax
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We describe a case of prolonged SARS-CoV-2 RNA shedding in an HIV-negative 21-year-old man recovering from abdominal and
thoracic trauma. Nasopharyngeal (NP) swabs collected at 12 time points over a 95-day span all tested positive for SARS-CoV-2 by reverse
transcription polymerase chain reaction (RT-PCR). Genotyping revealed canonical beta-variant E484K and N501Y mutations at earlier
time points. Human rhinovirus, coronavirus NL63 and respiratory syncytial virus B were detected at different time points by RT-PCR. Full
blood analysis at time point 9 (day 82) showed leukopenia with lymphocytosis. The patient’s NP swab tested negative for SARS-CoV-2 by
RT-PCR 101 days after the first positive test. The prolonged duration of SARS-CoV-2 RNA shedding in the context of trauma presented
here is unique and has important implications for COVID-19 diagnosis, management and policy guidelines.
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RNA shedding and viral load kinetics of SARS-CoV-2, the causative
agent of COVID-19, remain incompletely understood. The duration
of RNA shedding in respiratory samples has been reported as a
median of ~18 days, but shedding is heterogeneous and can occur
up to 92 days after symptom onset, in what can be termed prolonged
RNA shedding.!" A concise definition of prolonged SARS-CoV-2
RNA shedding remains lacking in the current literature. Some
authors define it as detectable RNA shedding >14 days after the onset
of symptoms or after the first positive real-time reverse transcription
polymerase chain reaction (RT-PCR) result, while others use the
median duration of viral RNA shedding in study populations as a cut-
off above which shedding is considered prolonged.®*!! Although
inadequately characterised, prolonged SARS-CoV-2 RNA shedding
is not uncommon; there are increasing reports of persistent virus
shedding in respiratory samples despite symptom resolution, positive
tests after two consecutive negative SARS-CoV-2 molecular tests, and
shedding in stool despite respiratory samples testing negative.**!*13!

Factors associated with prolonged SARS-CoV-2 RNA shed-
ding include age, gender, disease severity, comorbidities and
immunocompromised status.*®142% It is hypothesised that higher
baseline viral loads in older patients lead to prolonged RNA
shedding.*?"! Meanwhile, differences in angiotensin-converting
enzyme 2 levels between males and females are postulated to
contribute to the sex-based difference in disease response as well as
to prolonged SARS-CoV-2 RNA shedding, more commonly found
in males.”?®! In respiratory samples, particularly from the lower
respiratory tract, prolonged RNA shedding has been associated
with persistently high immunoglobulin M titres up to the 9th
week after symptom onset, even in patients who received antiviral
therapy such as ribavirin and remdesivir.'*!"15 SARS-CoV-2 RNA
shedding in stool during convalescence as well as in patients without

gastrointestinal symptoms has also been documented, with anal
swabs from paediatric patients testing positive, in one case up to
42 days after the initial positive test.""? In view of the implications
that prolonged shedding could have on patient care and follow-up,
infection prevention and mitigation measures, and virus persistence
and evolution, elucidating infectivity dynamics and viral shedding
kinetics in prolonged shedders remains important.

We describe a unique case, identified at Ndlovu Laboratories,
of prolonged SARS-CoV-2 RNA shedding in a 21-year-old man
recovering from abdominal pathology and traumatic pneumothorax
due to a stabbing incident.

Ndlovu Laboratories is a clinical trial research centre and diagnostic
laboratory situated in rural Limpopo Province, South Africa. On
2 January 2021, a 21-year-old man, recently discharged from a local
general hospital after treatment of a stab wound, was referred to
Ndlovu Laboratories by a private cardiothoracic surgeon for SARS-
CoV-2 RT-PCR testing prior to evaluation for decortication surgery.
RT-PCR testing performed on the patient’s nasopharyngeal (NP)
swab was positive for SARS-CoV-2, and on subsequent testing,
household close contacts, comprising the patient’s mother and
girlfriend, were also SARS-CoV-2-positive. The patient and close
contacts were instructed to undergo isolation for 14 days, and
guidance was provided by the surgeon to re-test the patient after
isolation.

Upon request and with the patient’s consent, medical records were
obtained from the hospital where the patient had been admitted.
Available medical records indicated admission on 8 December
2020, at which point chest radiographs showed no evidence of a
pneumothorax. On the third day of the admission (10 December
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2020), chest radiographs revealed an elevated hemidiaphragm that
could have been secondary to a pneumoperitoneum from a ruptured
stomach or free air trapped under the diaphragm. An explorative
laparotomy revealed a laceration in the stomach, which was sutured.
The medical records indicated that on return from theatre, the patient
had difficulty breathing and was given oxygen. A chest radiograph was
repeated on 14 December, and an intercostal (IC) drain was inserted
(Fig. 1A). Radiographs were repeated on 15, 17 and 21 December.
The radiograph of the 17th revealed evidence of loculated empyema
(Fig. 1A, red arrow), raising the possibility of loculation as a result
of infection or thoracic trauma. On 21 December, the IC drain
was removed and the patient was discharged on analgesics and
antibiotics. The medical records also indicated that the patient was
briefly readmitted with dyspnoea, and subsequently referred to
another general hospital for decortication surgery. At this point,
he opted for evaluation by a private cardiothoracic surgeon, who
requested a COVID-19 test from Ndlovu Laboratories, resulting in
the SARS-CoV-2 RT-PCR test performed on 2 January 2021.

Follow-up

On 16 January, the patient was retested for SARS-CoV-2. The
RT-PCR result was positive, and he continued to test positive for
10 more consecutive visits spanning a total of 95 days (2 January -
6 April 2021). During this period, apart from difficulty in breathing,
reported only during physical exertion, he remained asymptomatic
and cycle threshold (Ct) values steadily increased over time, indicating
decreasing viral loads (Fig. 2 and Supplementary Table 1, the table
available at https://www.samedical.org/file/1771). To assess whether
long-term SARS-CoV-2 RNA shedding was detectable in different
anatomical sites, SARS-CoV-2 RT-PCR was performed on matched
NP, oropharyngeal (OP), saliva, sputum and cheek cell specimens,
collected at time point 8 (day 76), and on plasma obtained at time
point 9 (day 82). Only the NP sample tested positive for SARS-
CoV-2, all the other specimens being negative. To gain insight into
persistent SARS-CoV-2 RNA detection, a full blood count (FBC) was
also performed at time point 9 (day 82). The FBC showed a decreased
white blood cell (WBC) count and elevated lymphocytes suggestive

of inflammation (Table 1). HIV-1/2 rapid testing conducted during
follow-up was negative. To explore secondary and/or underlying
viral/bacterial respiratory infections that could potentially contribute
to SARS-CoV-2 persistence, RT-PCR for a comprehensive panel of
respiratory pathogens was retrospectively performed on NP swabs
from all SARS-CoV-2-positive time points (1 through 12). Results
revealed infections with human rhinovirus at time point 5 (day 49),
human coronavirus NL63 at time point 10 (day 84), and respiratory
syncytial virus B at time points 11 and 12 (days 90 and 95). To
assess the likelihood of reinfection and/or infectiousness, using the
presence of viral antigen as a proxy, a rapid COVID-19 antigen test
was performed at time point 8 (day 76) and the result was negative,
suggesting that the subject was not actively infected or infectious
at the time. Furthermore, SARS-CoV-2 RT-PCR of close contacts
performed at time points 11 and 12 (days 90 and 95) were negative,
further supporting that the subject was non-infectious at that time.
To explore the likelihood of ongoing SARS-CoV-2 replication, using
viral evolution as a proxy, the first seven time-point samples (days
1 - 68) were submitted for Illumina whole-genome sequencing
(WGS) (Illunima Inc., USA). However, coverage of the genome in
all samples was extremely low (3 - 8%), which can be attributed
to relatively high Ct values, especially at later time points. The
viral sequence at all 12 positive time points (days 1 - 95) was also
examined using SARS-CoV-2 genotyping kits capable of detecting
and differentiating between spike gene (S-gene) variants. Results
indicated that canonical B.1.531 (beta variant) mutations, E484K and
N501Y, were present at the first four time points (days 1 - 30). The
E484K but not the N501Y mutation was detected at the fifth time
point (day 49) and S-gene variants were not detected at any later time
points (Table 2). A summary of all diagnostics performed is provided
in Fig. 3 (see also ‘Material and methods, supplementary material
available at https://www.samedical.org/file/1770).

Outcome and resolution

On 12 April, at the 13th sampling time point and 101 days after
the first positive test, the patient tested negative for SARS-CoV-2.
A follow-up test a week later on 19 April confirmed his negative
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Fig. 1. Chest radiograph scans (8 - 17 December 2020) obtained from the general hospital where the subject was admitted (A) and during SARS-CoV-2 reverse
transcription polymerase chain reaction sampling time points (1 February - 19 April 2021) at Ndlovu Research Centre (B). The red arrow in A indicates

evidence of loculation.
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Fig. 2. Summary of Ct values from SARS-CoV-2 reverse transcription polymerase chain reaction tests performed on the subject’s nasopharyngeal swabs for

the duration of the sampling period. Median Ct values for each gene were obtained from at least three experiments (Supplementary Table 1, https://www.
samedical.org/file/1771). Green boxes and lines represent the E gene; blue, the RARp gene, and red, the N gene. (Ct = cycle threshold; E = envelope; RARp =

RNA-dependent RNA-polymerase; N = nucleocapsid.)

Table 1. Full blood count performed at time point 9 (day 82)

Reference range

Rep 1 Rep 2 Rep 3 Average Low High
Full blood count
WBC (x 10°/uL) 2.73 2.74 2.9 2.79* 3.71 10.67
RBC (x 10°/uL) 5.5 5.62 5.61 5.58 3.87 5.58
Hb (g/dL) 15.86 16.06 16.01 15.98 12 16.75
PLT (x 10%/pL) 280.3 276.5 309.0 288.60 150.5 366.8
HCT (%) 48.2 49.3 49.1 48.87 35.1 48.7
MCYV (fL) 87.6 87.8 87.5 87.63 78.4 97.6
MCH (pg) 28.8 28.6 28.5 28.63 26.5 33.5
MCHC (g/dL) 329 32.6 32.6 32.70 329 354
WBC differential count (%)
Lymphocytes 56.9 58.75 56.82 57.491 18.94 4671
Monocytes 9.43 8.33 9.08 8.95 4.88 12.81
Neutrophils 31.73 31.06 32.33 31.71 40.62 71.65
Eosinophils 1.83 1.73 1.55 1.70 0.74 6.73
Basophils 0.1 0.13 0.22 0.15 0.05 0.48

*Average value below the low reference range.
"Average value above the high reference range.

Rep = replicate number (repeats in the same sample); WBC = white blood cells; RBC = red blood cells; Hb = haemoglobin; PLT = platelets; HCT = haematocrit;
MCV = mean corpuscular volume; MCH = mean corpuscular haemoglobin; MCHC = mean corpuscular haemoglobin concentration.

status. Five chest radiographs obtained longitudinally during his
testing period at Ndlovu Laboratories reflected gradual radiological
resolution (Fig. 1B). In particular, the final chest radiograph showed
notable healing of the lungs, obviating the need for surgery.

SARS-CoV-2 shedding is a heterogeneous phenomenon and differs
according to the sampled site, with maximum shedding periods of 83

days in the upper respiratory tract, 59 days in the lower respiratory
tract, 126 days in stool, and 60 days in serum having been reported.
We describe an unusual case of persistent SARS-CoV-2 RT-PCR
positivity in NP samples for at least 95 days in an HIV-negative
21-year-old man with no underlying comorbidities, albeit recovering
from abdominal and lung trauma. Several aspects of this case make it
unique. The most striking feature is SARS-CoV-2 infection occurring
in the context of significant trauma in the patient. It is likely that
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Fig. 3. Summary of diagnostics performed during the period of the case study. Ticks indicate that the corresponding diagnostic was performed, X-ray icons
represent chest radiographs and the blood vial icon represents full blood count analysis. (NP = nasopharyngeal; RT-PCR = reverse transcription polymerase

chain reaction; OP = oropharyngeal.)

Table 2. SARS-CoV-2 genotyping data*

Time S-gene variants

point Day detected Mutations

1 1 Yes E484K, N501Y
3 20 Yes E484K, N501Y
4 30 Yes E484K, N501Y
5 49 Yes E484K

6 60 No -

7 68 No -

8 76 No -

9 82 No -

10 84 No =

11 90 No -

12 95 No -

S = spike.

*Results of genotyping polymerase chain reaction using Allplex SARS-CoV-2 Master and
Variant I assays. Identified mutations are indicated per time point and day.

this unique combination of infection and extensive pulmonary
and abdominal damage contributed significantly to delayed viral
clearance. Of note, the patient began experiencing difficulty in
breathing only after surgery, and evidence of pneumothorax appeared
after an IC drain was inserted, suggesting that clinical management
exacerbated trauma, while also raising the possibility of nosocomial
SARS-CoV-2 infection.

An additional important feature of the case is the patient’s
HIV-negative status. Several reports demonstrate that being
immunocompromised is a major factor contributing to prolonged
SARS-CoV-2 shedding.?*?! SARS-CoV-2 infection in severely
immunocompromised individuals is believed to contribute to
emergence of new variants.!”?) We speculate that the trauma suffered
by the patient may have compromised his immune system, increasing
susceptibility to SARS-CoV-2 and other respiratory infections and
predisposing him to delayed viral clearance. The presence of other
respiratory infections detected at different sampling points supports
this hypothesis. We would recommend that such individuals should
be prioritised for vaccination to minimise the risk of viral persistence
and intra-host viral evolution.

Other factors associated with persistent virus shedding include
comorbidities, lymphopenia and, more controversially, integration
of viral fragments into the host genome.[191316232%301 Qur patient
had no known underlying comorbidities and no history of smoking
or drinking. Although his WBC count was low, lymphopenia was
not observed; rather, lymphocytosis in the context of SARS-CoV-2
infection was seen, further underlining the uniqueness of the case. In
addition, all attempts at amplifying SARS-CoV-2 from the patient’s
epithelial cheek cell genome yielded negative results.

It should be noted that the patient’s persistent RT-PCR-positive
results prevented him from being evaluated for surgery and limited
his access to care. However, a positive PCR result does not always
imply the presence of infectious virus. To distinguish between
replicating/infectious virus and non-replicating/non-infectious virus,
additional testing such as virus culture is required to establish virus
viability. Although virus culture was not performed in this case, we
can deduce that at later time points only non-infectious virus was
persistently detected, based on high Ct values observed at later time
points, failure to obtain coverage of the viral genome through WGS,
and negative rapid antigen results. Our data cannot categorically
rule out the possibility of very low-level viral replication in specific
anatomical sites/compartments, especially as SARS-CoV-2 was only
detected in NP specimens and could not be detected in OP, sputum,
saliva, serum or cheek cell specimens.

Several systematic reviews have indicated that although virus
shedding may be prolonged, the duration of replication-competent
and infectious virus is short, and individuals, particularly mildly
and moderately infected, have been found to less likely be infectious
>10 days after symptom onset.>**1* Positive SARS-CoV-2 PCR
results should therefore not preclude admittance for surgery; rather,
individuals’ Ct values and medical history should be reviewed on a
case-by-case basis.

Study limitations

Limitations of this study include that baseline measurements for
haematological analysis, rapid antigen tests at early sampling time
points, and serological analysis were all not performed. The study
is an analysis of a single individual, and caution should be exercised
in generalising. Genotyping with commercial kits, such as the one
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used in our study, are limited to detection of specific mutations and
cannot provide information on clinically relevant mutations that can
be present elsewhere in the viral genome. Finally, medical records
obtained from the local hospital where the patient was admitted were
incomplete.

Teaching points

This case study demonstrates complementary approaches that can be
leveraged to gain important insight into SARS-CoV-2 transmission
and viral dynamics, and inform on proper COVID management,
prevention and control measures.

Prolonged shedders should be reviewed on a case-by-case basis,
taking into account medical history, immunocompromised status,
and whether or not persistent positivity stems from infectious virus.

Analysis of Ct values combined with rapid antigen testing can
act as a proxy for potential infectiousness of prolonged shedders.
If PCR results of prolonged shedders show an increasing trend of
Ct values over time, a negative rapid antigen result can rule out
infectiousness and reinfection, especially if the last median PCR Ct
is >34 (time point 4 in our case study, when all three gene targets are
no longer consistently detected; Supplementary Table 1, https://www.
samedical.org/file/1771). In such cases, the subject poses virtually
no infection risk, and the persistent PCR-positive results should not
contraindicate admittance for hospital care, including surgery.

Trauma patients may be at increased risk of nosocomial SARS-
CoV-2 infection and should be tested routinely during hospital
admission and isolated from potential sources of SARS-CoV-2
infection. Medical procedures that could place such individuals
at further risk of SARS-CoV-2 infection should be avoided unless
necessary.

Immunocompromised individuals and trauma patients are at
increased risk of prolonged viral shedding and should be prioritised
for vaccination.
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