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ABSTRACT

Background

Since the announcement of the first confirmed COVID-19 case in March 2020, South Africa has
seen an increase in cases. Determining shedding time is important to inform public health
interventions. We aimed to estimate viral shedding time among laboratory-confirmed COVID-19
cases in South Africa.

Methods

A cross-sectional analytic study was conducted using COVID-19 data from 5 March-31 December
2020, obtained from the NMClist and the DATCOV system. These platforms report on laboratory-
confirmed and hospitalized COVID-19 patients, respectively. The study consisted of COVID-19
patients with repeat positive PCR tests (at least two positive PCR test results) and who
subsequently tested negative. To determine the association between shedding time and predictor
variables, multiple linear regression analysis was conducted and a p-value <0.05 was considered

statistically significant.
Results

We included 2752 cases that met the inclusion criteria. The 2752 included participants had a total
of 8 642 PCR positive test results with a median of 3 positive tests per participant (range: 2 — 11).
The majority (74.7%: 2,057/2752) of the participants had 3 consecutive positive tests. About
39.9% (1099/2752) of participants were inpatients and 60.1% (1653/2752) were outpatients. The
median shedding time was 17 days(range: 1-128). No significant difference in shedding time was
found between males (median:16 days, range:1-128) and females (median:17 days, range:1-94)
and between inpatients (median: 16 days, range 1-108) and outpatients (median:17 days, range:1—
128). Individuals aged 0-4 years hadthe lowest shedding time (median:14 days, range:1-72). The
shortest shedding time was observed in Eastern Cape with a median of 15 days (range: 1-56) and
the longest shedding time was observed in Limpopo province with a median of 21 days (range: 1-
39). After adjusting for age, sex and province,shedding time was shorter for hospitalized patients
compared to outpatients (coefficient: -0.14, ClI:

-0.24 —-0.03, P-value: 0.014).

Conclusion



Shedding time varies with admission status (inpatients versus outpatients). We found a significant
association between the hospital admission status of COVID-19 patients and shedding time. Further
studies are required to explore the association between other comorbidities (such as heart disease,
obesity and diabetes mellitus), socio-economic status, level of education, vaccination status and
SARS-CoV-2 shedding. In addition, different approaches that can address transmission risk
effectively in asymptomatic patients are required to control SARS-CoV-2 infection.

Keywords: COVID-19, South Africa, viral shedding time, laboratory-confirmed, population-
based, SARS-COV-2
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CHAPTER 1: INTRODUCTION

This research report presents findings from a quantitative study that was conducted on coronavirus
disease 2019 (COVID-19) patients in South Africa (SA). It provides an overview of COVID-19
viral shedding time and factors associated with shedding time in laboratory-confirmed COVID-19
cases. The introductory chapter will provide background information on COVID-19, describing
the burden of disease, disease patterns and its epidemiology. We will further provide a literature
review, providing context on shedding time on COVID-19 patients globally. The importance of
estimating shedding time and gaps in knowledge will be discussed to justify the research study. To

summarize the chapter, the research question, aim and objectives of the study will be listed.

1.1. Background

Wuhan, a city in Hubei province of China recorded its first COVID-19 cases in December 2019.
COVID-19 is a respiratory disease caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) virus'. In early January 2020, COVID-19 cases started to show a gradual increase
and by mid-January 2020, the disease had spread to other countries such as Japan, Thailand, and
the United States of America. Following the spread of SARS-CoV-2 infections in many countries
globally, the disease was announced as a public health emergency of international concern
(PHEIC) in January 2020 and was later declared a pandemic in March 2020%3. As of 5 January
2021, there were 84,233,579 reported COVID-19 cases and 1,843,293 reported deaths globally*.
To date, there is no cure for COVID-19, however, it can be prevented and controlled through
vaccinations, social distancing, wearing of masks and washing or sanitizing hands. As of 05
January 2021, the African region reported 2,852,491 confirmed COVID-19 cases and 67 943
deaths, with a case fatality ratio of 2.4%?3. The highest number of SARS-CoV-2 infections in the

African region were reported in South Africa.

1.1.1. Epidemiology of COVID-19

COVID-19 spreads through contact with a person infected with SARS-CoV-2, via larger
respiratory droplets, through touching contaminated surfaces, and by inhaling small airborne
droplets®®. COVID-19 can stay in the air for some time and can spread through the airborne route
however, the contribution of air transmission to the pandemic is unknown’#9. Studies have shown

that poorly ventilated spaces can act as a potential for airborne transmission'®!, SARS-CoV-2



have also been discovered in specimens such as sperms, blood and stools. Although the virus has
been identified in these non-respiratory sites, the role these sites play in COVID-19 transmission
is unknown. Different transmission patterns have been reported across Africa, with the majority
of the countries reporting community transmissions and some observing clusters and sporadic
transmissions. Compared to other continents, Africa is one of the least affected, representing 3.4%

of the total reported global cases®?.

COVID-19 affects people of all ages. However, individuals with comorbidities (such as heart
disease, obesity and diabetes mellitus) and older people (above 60 years of age) are more
vulnerable to infection and have a higher risk of developing severe illness'3. Signs and symptoms
of COVID-19 include body aches, coughing, sore throat, shortness of breath, chills, fever,
headache, nausea, diarrhoea, and loss of smell or taste!*. Some people remain asymptomatic after
acquiring the infection. However, most people develop mild symptoms of the disease and recover
from the illness without medical intervention®. One in six people have presented with more severe
symptoms such as shortness of breath®. Nevertheless, the virus can effectively be prevented by

wearing a face mask, hand sanitizing, vaccinating and social distancing.

1.1.2. COVID-19 in South Africa

South Africa ranks 15th globally with COVID-19 cases and is the most affected country in the
African region even though it has relatively low numbers of deaths!?!®, The first COVID-19 case
in South Africa was confirmed on 5 March 2020, and on 17 March 2020, the president declared a
national state of disaster!’. Since then, lockdown control measures were put in place. These
measures included compulsory wearing of face masks, closure of businesses except businesses
providing essential services, travel ban, closure of schools and religious centers. Quarantine and
isolation measures were also put in place. Asymptomatic people who may have been infected with
COVID-19 are placed in quarantine. While isolation is for people who have been infected with
SARS-CoV-2 but are not hospitalized*®. Although these control measures were in place, the virus
continued to spread throughout the country. By 05 January 2021, there were 1,127,759 cases of
COVID-19 and 30 524 deaths in SA. Gauteng province had reported the highest number of cases,
representing 27% of total cases, followed by Western Cape at 19.9% and KwaZulu-Natal at
19.8%?°.



COVID-19 continues to have severe economic impacts on the healthcare system?’. Healthcare
workers have a key role in fighting the COVID-19 pandemic however, they are at a very high risk
of being infected by the virus. There is a gradual increase of infections amongst health workers
throughout the African continent. Since the beginning of the outbreak, there had been 44 055
reported cases of healthcare workers by 20 October 2020. The most affected healthcare workers

were from South Africa, with 27 360 infections*2.

SARS-CoV-2 has been changing over time through mutations causing new variants of the virus.
Multiple SARS-CoV-2 variants have been discovered in different countries globally. The variants
reported include the Alpha variant (B.1.1.7) which was identified in the United Kingdom (UK);
Beta (B.1.351) which was discovered in SA, Delta (B.1.617.2) which was discovered in India and
the Gamma variant (P.1) which emerged in Brazil?*?2, The Delta variant has been reported to
spread faster than other variants and may cause more severe cases compared to other variants®.
The Beta variant was identified in October 2020 in the Eastern Cape, South Africa. Since then,
cases caused by this variant has been reported in other countries. Due to significant genetic
changes, which is associated with an increased transmission, the Beta variant is a variant of
concern®*, Variants could be the leading cause of an increase in COVID-19 cases in South Africa
which led to a resurgence and affected younger populations during the second wave. The

development of SAR-CoV-2 variants has caused an increased risk to public health globally.

COVID-19 vaccines have been developed and rolled out in response to the pandemic to offer
protection against the virus to the masses. The Johnson and Johnson vaccine was first administered
to healthcare professionals in South Africa in 2020%°. A COVID-19 national vaccination program
started in February 2021 and the rollout was done in phases covering people aged 12 years and
older. Johnson and Johnson, Pfizer-BioNTech and Oxford-AstraZeneca are the only vaccines
being administered because they have been reported to provide protection against the Beta variant
and other variants?®. As of 02 November 2021, 21.1% of the population was fully vaccinated.
Studies show that vaccines may reduce the risk of infection and reduce the severity of COVID-19

illness among those that get infected”?’,

1.1.3. COVID-19 Viral shedding time

Various molecular techniques including point-of-care tests (POCT) and central laboratory tests

have been made available to diagnose and manage COVID-19 patients. This includes viral and
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antibody tests. The World Health Organization (WHQO) has recommended that COVID-19 be
diagnosed using real-time reverse transcription-polymerase chain reaction (RT-PCR) test?®. The
PCR test is a molecular test used to detect viral Ribonucleic acid (RNA) which in people infected
with SARS-CoV-2 can be detected before, during and after a person presents with symptoms.
Studies have used the PCR test to study viral shedding in COVID-19 patients?**°, Viral shedding
happens when a virus in an infected person’s body is replicated and released into the
environment%. An individual who is infected with a viral disease is infectious if they are shedding
the virus. Therefore, the time and rate at which an infected person sheds the virus are important.
For SARS-CoV-2, people shed the virus when they sneeze, talk, cough and through their stools.

During the period of infection, viral shedding time or its duration is used to determine the suitable
period of isolation. Viral shedding time is a useful guide for infectivity since it estimates the period
of infectiousness. Furthermore, it can be used to establish guidelines for the duration of the
isolation period for COVID-19 positive patients, and quarantine for those exposed to COVID-19%,
As at the time of reporting, COVID-19 guidelines require asymptomatic patients to isolate for 10
days after testing whereas people with mild disease are required to isolate for 10 days after
symptoms onset. Also, people with severe COVID-19 should isolate for 10 days after showing
clinical stability®®. Research shows that SARS-CoV-2 transmission begins before symptom onset
and peaks early as the diseasedevelops and the risk of transmission reduces thereafter®*’. During
the early period of the pandemic, patients infected with COVID-19 were assumed to remain
infectious no longer than 14 days after symptom onset. Research shows that the virus can begin
shedding before a person starts to show symptoms and shedding increases during or after the onset
of symptoms®*. Understanding viral shedding time in detail can assist in decreasing the rate of
SARS-COV-2 transmission. Therefore, there is a need to estimate shedding time in laboratory-
confirmed COVID-19 cases in South Africa.

1.2. Literature Review

This literature review examines various studies that have assessed COVID-19 viral shedding time.
It reviews studies that have examined the contributing factors that affect viral shedding time. It
also evaluates studies on the importance of estimating COVID-19 shedding time and laboratory

diagnosis.



1.2.1. COVID-19 viral shedding time

Viral shedding time is the period during which the virus is released from the body of a person with
an infectious disease®*. The shedding time of COVID-19 in the population of South Africa has not
been studied®. In China, RT-PCR was used to diagnose COVID-19 among hospitalized patients
to determine the duration of shedding time. They defined viral shedding time as “the number of
days from the onset of the symptoms until the successive negative detection of SARS-CoV-2 RNA
3% To determine shedding time among COVID-19 patients with mild disease in South Korea,
viral shedding time was defined as “the duration from the day of diagnosis to the day when a
patient displayed negative results for two series of RT-PCR tests, performed at least at a 24-hour
interval apart®”’.” With COVID-19 patients, viral shedding could start before the onset of
symptoms**. The median shedding time amongst patients with COVID-19 in China was 11 days®
This was different from Japan where the median viral shedding time of COVID-19 patients was
found to be 19 days, ranging between 6-37 days after the first viral detection®. The inconsistency
in viral shedding time from different studies across the world may be due to differences in the

definition of the RT-PCR test results (negative or positive)*.

Studies show that both symptomatic and asymptomatic patients have the potential of transmitting
COVID-19 since they can possess similar viral loads***2, This is evident from a study conducted
in Saudi Arabia which found that the mean shedding time of COVID-19 asymptomatic patients
was 13.6 days and 16.9 days for symptomatic patients*®. Age and comorbidities have been reported
to have an impact on symptom severity and clinical outcome**. However, pre-symptomatic and
asymptomatic cases have been reported to transmit the virus to close contacts and have led to
secondary cases®™. Asymptomatic cases make it difficult to control the transmission of the virus
since the duration of their infectiousness is hard to measure.

1.2.2. Factors affecting viral shedding time

Different factors affect viral shedding time in COVID-19 patients. These factors could either slow
or increase viral shedding in an individual. Prolonged viral shedding is associated with severe
COVID-19 disease which may require ventilation. Studies have reported that shedding time among
COVID-19 patients is affected by corticosteroid treatment, fever, long hospital stay and time from
onset to hospitalization®®4, Evidence shows that early interventions such as early treatment of

COVID-19 patients with symptoms can reduce viral shedding time*. Although COVID-19 can
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infect anyone, younger age was associated with shorter shedding time whereas older age was
associated with longer shedding time®. A study conducted in South Korea reported that
comorbidities delay shedding time, also, females shed the virus more than males, although the

difference was found to be marginal®’.

1.2.3. Importance of estimating COVID-19 shedding time

Several studies have shown that viral shedding time is significant in determining disease
transmission®>46, Acquiring more knowledge on the importance of shedding time is important for
public health planning, clinical purposes and could benefit society. Considering South Africa’s
unique epidemiological profile, the population has high HIVV/AIDS prevalence, high Tuberculosis
incidence and high death rates from non-communicable diseases such as diabetes, making it of
study interest. As identified in this literature review, there are some noticeable gaps around
shedding time in different contexts and in a large population®?. Guidelines for isolation and the

duration of quarantine in different countries are made to reflect viral shedding duration.

1.2.4. Laboratory diagnosis

It is fundamental to have rapid and accurate detection of SARS-CoV-2 for treatment and control
of the virus. Different diagnostic tests are used to diagnose COVID-19, including molecular tests
(such as RT-PCR tests), rapid diagnostic tests (RDT) and antigen tests. The signs and symptoms
of the COVID-19 infection are similar to some other infectious respiratory diseases such as
influenza, therefore performing laboratory tests on symptomatic people is crucial to identify SAR-
CoV-2 infections. Moreover, it is estimated that up to 40% of infected individuals may have no
symptoms (subclinical infection) or mild symptoms, yet are still capable of transmitting the virus
to others*’. This means that individuals without obvious signs or symptoms of SARS-CoV-2
infection also require testing. COVID-19 testing can be done in different ways, including detection
of viral RNA, detection of viral antigen and detection of antibodies. The PCR test is the standard
test for COVID-19 however, it is costly and may take time to receive results. The antigen test is
cheaper compared to the PCR test, however, the test is not sensitive and may provide inaccurate
results. Antibody tests can identify people who previously tested positive for COVID-19 but were
asymptomatic, however, it can miss individuals whose IgM or 1gG antibodies are not detectable.
The WHO has recommended that laboratories use RT-PCR assays for COVID-19 diagnosis, as it
is considered the best test at the moment*,



1.3. Problem Statement

To inform infection control, prevention measures and public health policies, it is vital to
understand the transmission dynamics of SARS-CoV-2. Population-level information on shedding
time and factors affecting the duration of SARS-CoV-2 infection is lacking. This information could
be used to understand the association between viral shedding and infectivity and the effectiveness
of using a PCR test for infectiousness or re-infection. Estimating viral shedding time is vital since
shedding can be utilized as a proxy for infectiousness*®. Control measures such as quarantine and
wearing of masks have been put in place in South Africa. However, the average shedding time in
the South African population is unknown and there is a lack of thorough research on the duration
of infectiousness for SARS-CoV-2%. Also, there is no routine test available to measure
infectiousness. This means that determining viral shedding time and understanding the associated
predictors will play a significant role in informing control and prevention measures in COVID-19

patients.

1.4. Justification

Numerous studies have been conducted globally to estimate the duration of SARS-CoV-2 viral
shedding however, no study has estimated viral shedding time for laboratory-confirmed COVID-
19 cases in the South African population. Since SA reported the highest numbers of COVID-19
infections on the African continent, it is important to better understand the transmission dynamics
of the virus in the population. The results from this study will assist in refining infection control
strategies such as contact tracing and isolation or quarantine, and assist in understanding the
potential difference of positive PCR tests over time. The results may further be utilized in
facilitating early treatment and intervention, leading to a decrease in the incidence and mortality

due to coronavirus disease.

1.5. Research Question

What is the viral shedding time of SARS-CoV-2 among laboratory-confirmed COVID-19 cases in
South Africa?



1.6. Aim

To estimate the viral shedding time among laboratory-confirmed COVID-19 cases in South Africa.

1.7. Objectives

Objective 1: To describe the clinical and epidemiological characteristics of patients with COVID-
19 in South Africa, 2020.

Objective 2: To determine the shedding time of laboratory-confirmed COVID-19 cases in South
Africa, 2020.

Objective 3: To determine factors affecting viral shedding time in COVID-19 patients in South
Africa.
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CHAPTER 2 - MANUSCRIPT

This chapter presents a manuscript written using the journal author guidelines for Clinical
Infectious Diseases. The formatting of the journal article may differ from the rest of the research
report to comply with the author guidelines of the journal to which we intend to submit the article.

The journal guidelines are included in the appendices (Appendix 6).
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Summary: This cross-sectional analytic study reports shedding time among PCR-confirmed
COVID-19 cases in South Africa from March to December 2020. The median shedding time was

17 days (range: 1-128). Disease severity (admission status) was associated with shedding time.
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ABSTRACT

Background

In South Africa, COVID-19 cases are notified through the NMCL.ist platform while hospitalized
cases are reported on the DATCOV platform. It is crucial to estimate the duration of SARS-
CoV-2 shedding to inform public health interventions. We aimed to estimate viral shedding time

among laboratory-confirmed COVID-19 cases in South Africa.
Methods

We analyzed COVID-19 PCR results reported on the NMCList and DATCOV platforms from 5
March to 31 December 2020. We included cases with at least 2 consecutive positive PCR tests
and a subsequent negative test. We performed multiple linear regression to determine the
association between shedding time and predictor variables (age, sex, admission status and

province). A p-value below 0.05 was considered to be statistically significant.

Results

We included 2752 cases that met the inclusion criteria. About 39.9% (1099/2752) of participants
were inpatients and 60.1% (1653/2752) were outpatients. The median shedding time was 17 days
(range: 1-128). There was no significant difference in shedding time between males (median:16
days, range:1-128) and females (median:17 days, range:1-94) and between hospitalized patients
(median: 16 days, range 1-108) and outpatients (median:17 days, range:1-128). Individuals aged
0-4 years had the lowest shedding time (median:14 days, range:1-72). After adjusting for age,
sex and province, shedding time was shorter for hospitalized patients compared to outpatients

(coefficient: -0.14, CI: -0.24 — -0.03, P-value: 0.014).
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Conclusion

Shedding time differs between hospitalized and outpatients. Further studies are required to

explore the association between comorbidities and SARS-CoV-2 shedding time.

Keywords: COVID-19, SARS-CoV-2, viral shedding time, South Africa, population-based
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) is an illness caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) [1]. The virus was first identified in Wuhan, China in December
2019. COVID-19 has spread globally, causing a global pandemic [2]. On 5 March 2020, South
Africa reported its first confirmed COVID-19 case [3]. Despite strict measures such as lockdown
and compulsory wearing of masks put in place to control the epidemic, the virus has continued to
spread. Viral shedding time is a useful guide for infectivity and can be used to establish the
duration of isolation, quarantine and inform contact tracing guidelines [4]. With the polymerase
chain reaction (PCR) test being the best test available for COVD-19 diagnosis, several studies
have used it to estimate viral shedding time [5,6,7]. The Republic of Korea reported a median
shedding time of 15 days among COVID-19 patients [8]. This was different from Japan where
the median viral shedding time of COVID-19 patients was reported to be 19 days [9]. Studies
show that both symptomatic and asymptomatic patients have the potential of transmitting the
COVID-19 [8,10]. This is evident from a study conducted in Saudi Arabia which found that the
mean shedding time of COVID-19 asymptomatic patients was 13.6 days and 16.9 days for
symptomatic patients [11]. Factors affecting shedding time include the severity of disease, age,
sex, comorbidity, timeliness of treatment and COVID-19 symptoms such as fever [6,7,12,13].
Age and comorbidities have been reported to have an impact on symptom severity and clinical

outcome [14].

South Africa has reported the highest number of SAR-CoV-2 infections in Africa, therefore
determining viral shedding time is important to understand the transmission dynamics of the
disease within the population. This study aimed to estimate viral shedding time among

laboratory-confirmed COVID-19 cases in South Africa.
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METHODS AND MATERIALS

Study design and procedures

We performed a cross-sectional analytic study using COVID-19 data obtained from the COVID-19 Notifiable
Condition List (NMCList). The study included laboratory results from public and private clinical laboratories in
South Africa that reported COVID-19 test results to the NMCList database. The study population consisted of all
laboratory-confirmed COVID-19 patients reported to the NMCList database from March to December 2020. We
included laboratory-confirmed COVID-19 patients with repeat positive PCR tests (at least two positive PCR test
results) and subsequently tested negative. A person should have done consecutive testing no longer than 14 days
between the repeat positive PCR tests. We excluded positive cases that were tested using antigen tests and cases

that took a repeat test after 14 days of continuing positivity.
Data sources

COVID-19 test results are reported to the NMCL.ist database hosted by the National Institute for
Communicable Diseases (NICD). COVID-19 is a category 1 Notifiable Medical Condition
(NMC) with a requirement of immediate reporting upon clinical suspicion or laboratory
diagnosis followed by a written notification within 24 hours. Clinical data of patients tested for
COVID-19 are collected using the NMC reporting platform, which is a national reporting system
in South Africa. Both RT-PCR and antigen COVID-19 test results are stored in the NMCL.ist
database and reported to the National Department of Health (NDoH). Individuals who have
multiple test results are identified using a unique identifier (case_id). Other variables stored in
the NMCList include personal identifiers (name, surname, date of birth, sex, national identity
number), demographic information (physical address), and health facility information. Data from

the NMCList is stored in the NICD surveillance data warehouse.
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The DATCOV system is an active, prospective sentinel surveillance programme for COVID-19
in South Africa. This online platform enables private and public healthcare facilities to submit
hospital admissions data for COVID-19 patients. COVID-19 admissions trends are monitored
and the epidemiology of the disease in hospitalized patients within the country is described.
Admission status (hospitalized or outpatient) was used as a proxy to determine disease severity.
Hospitalized patients were defined as patients with severe disease and outpatients as patients

with mild disease.

Data collection

We extracted data from the NMCList and DATCOV databases. It was assumed that COVID-19
cases that were not in the DATCOV database were not hospitalized. The patients’ national

identity number was used to link cases between the NMCList and DATCOV databases.

Case Definitions

COVID-19 case: “A confirmed case of COVID-19 is a person with laboratory confirmation of
SARS-CoV-2 infection (using an RT-PCR assay), irrespective of clinical signs and symptoms

between March and December 2020 [15].

Negative result: A person with a negative SARS-CoV-2 laboratory test using an RT-PCR assay.

Variables

Outcome Variable: The outcome variable is COVID-19 viral shedding time measured in days.

Viral shedding time (days) was defined as the period from the date of specimen collection for the
first positive PCR test to the date of specimen collection for the last positive test prior to a first

negative PCR test. The date of specimen collection for the first positive test was subtracted from
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the date of specimen collection for the last positive test to obtain the shedding time (in days). The
date of onset of viral shedding was defined as the day the specimen of a case was collected since
laboratory data had no variable for the date of symptom onset. This approach catered for

individuals who would have been symptomatic or asymptomatic.

Explanatory variables included sex, age, province, number of tests done and the severity of

COVID-19 (hospitalized patients versus outpatient).

Statistical analysis

Data were analyzed using STATA 15 (Version 15, StataCorp, College Station, Texas).
Characteristics of study participants were reported using descriptive statistics. Categorical
variables (age groups, sex, admission status and province) were presented using absolute
numbers and percentages. Normally distributed continuous variables (age) were reported using
means and standard deviations while medians and ranges were used when continuous variables
were not normally distributed (shedding time). Initially, simple linear regression was done to
assess the association between the dependent variable (shedding time) and each predictor
variable. Predictor variables with a p-value of <0.1 from the simple linear regression were
added to the multiple linear regression model. We determined differences in shedding time by
age, sex, hospital admission status and province. We reported effect estimates and 95%

confidence intervals. We considered a p-value of less than 0.05 as statistically significant.

Ethical Considerations

We received ethics approval from the Human Research Ethics Committee at the University of

the Witwatersrand (Clearance Certificate No. M210443).
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RESULTS

Characteristics of the study population

There were 1 057 161 COVID-19 cases reported from 5 March to 31 December 2020 in South
Africa. Out of these cases, 2752 (0.26%) met the inclusion criteria. Figure 1 shows details of
the participant selection process. The 2752 included participants had a total of 8 642 PCR
positive test results with a median of 3 positive tests per participant (range: 2 — 11). The
majority (74.7%: 2,057/2752) of the participants had 3 consecutive positive tests. Table 1
describes the characteristics of the study population. There were more males than females (53%
versus 47%). Participants ages ranged from 0-99 years, with a mean of 46.4 years (SD: 17.4).
Individuals aged 35-44 years were the most frequently represented age group (22.9%) while 0-
14 year-olds were the least frequent age group (1.2%). Of all the participants, 39.9% were
inpatients and 60.1% were outpatients. Gauteng province had the highest number of participants

with 987 (35.9%) cases and Northern Cape had the lowest with 39 (1.4%) cases.

Shedding time in COVID-19 patients

Table 2 summarizes the distribution of shedding time by age, sex, province, and admission
status. The median duration of viral shedding was 17 days, ranging from 1 to 128 days from the
date of specimen collection or symptoms onset date. There was no significant difference in
shedding time between males (median:16 days, range:1-128) and females (median:17 days,
range:1-94) (Figure 2). Viral shedding time between inpatients (median: 16 days, range 1-108)
and outpatients (median:17 days, range:1-128) did not differ much either. Also, there was no
significant difference in shedding time between age groups. Individuals aged 0-14 years had the
lowest shedding time (median:14 days, range:1-72) while those aged 25-34 years had the highest

shedding time (median:18 days, range:1-128) (Figure 3). The shortest shedding time was
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observed in Eastern Cape with a median of 15 days (range: 1-56) and the longest shedding time

was observedin Limpopo with a median of 21 days (range: 1-39).

Factors associated with COVID-19 shedding time

In Table 3, we assessed factors associated with shedding time in COVID-19 patients in South
Africa. We applied simple and multiple linear regression to compare the association between
predictor variables (age, sex, province and hospital admission status) and SARS-CoV-2 shedding
time. Following unadjusted analysis, shedding time did not vary with sex and age group.
Regarding province of residence, Eastern Cape was considered the baseline for comparisons.
Shedding time in Free State and Northern Cape did not differ from shedding time in Eastern
Cape. However, shedding time was longer in KwaZulu-Natal (coefficient: 0.3, ClI: 0.1 — 0.5, P-
value: <0.001), Limpopo (coefficient: 0.6, Cl: 0.3 — 0.9, P-value: <0.001), Mpumalanga
(coefficient: 0.5, CI: 0.2 — 0.8, P-value: 0.002), North West (coefficient:0.4, Cl: 0.1 — 0.7, P-
value: 0.012) and Western Cape (coefficient: 0.3, CI: 0.1 — 0.5, P-value: 0.001). Shedding time
was shorter among hospitalized patients compared to outpatients (coefficient: -0.1: -0.2 — -0.04,

P-value: 0.007).

After adjusting for age, sex and province, shedding time remained shorter for hospitalized
patients compared to outpatients (coefficient: -0.14, CI: -0.24 —-0.03, P-value: 0.014). Province,

sex and age, were not associated with shedding time.

DISCUSSION

This study aimed to estimate the viral shedding time among laboratory-confirmed COVID-19
cases in South Africa. We found that the median shedding time our sample was 17 days from
symptoms onset date or date of specimen collection. A study conducted on the Canadian

population [16] found that the median shedding time was 19 days which is 2 days more than
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our findings among the South African population. Another study conducted in the United States
of America reported a median shedding time of 21 days within their population, which is higher
than the shedding time we found within our population [17]. The difference in shedding time
between South Africa, Canada and the United States could be due to the difference in
population characteristics in these geographic locations. Our findings are similar to those
reported in a study conducted in China which found that the median shedding time among
adults was 17 days [6]. Although our study shows a similar median shedding time to that of
China, our study included both children and adults and covered a wider population whereas the

study conducted in China only included adults.

Shedding time ranged from 1 to 128 days from the date of specimen collection or symptoms
onset date. Our study did not show a significant difference in the median shedding time between
males and females and between hospitalized and outpatients. Our study is supported by another
study that found no significant difference in the median shedding time between males and
females and further reported that prolonged shedding was not affected by signs and symptoms
of COVID-19 [18]. Another study conducted on outpatients and inpatients in the United States
of America found that the viral shedding time of inpatients was similar to that of outpatients

[17].

Our study also shows no significant difference in shedding time between age groups. Age group
0-14 years had a median shedding time of 14 days which was the lowest among other age
groups. Age group 25-34 reported the highest shedding time with a median shedding time of 18
days. The slight difference in shedding time between age groups might be due to the fact that
people live in families and communities where people of different age groups live together,

allowing for transmission to happen within different age groups. Our study found that South
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African children had a lower shedding time compared to children in South Korea who were

reported to have an average shedding time of 17.6 days [19]. Another study found that children
less than 18 years had a shorter shedding time compared to other age groups [17]. The study
further highlights that viral shedding can happen in children presenting with symptoms and those
without symptoms, with a shedding time of up to 3 weeks (21 days). Children and young adults
are more likely to have mild disease and less likely to have severe or fatal COVID-19 compared
to adults [18]. The age-related difference in severity of COVID-19 in children and adults could
be due to the fact that children have lower intensity of exposure to SARS-CoV-2. Furthermore,
it is thought that children have a stronger innate immune system, which acts as the first line of
defense against SARS-CoV-2 [19]. Older adults usually have a higher prevalence of
comorbidities, such as obesity, hypertension and heart disease, which are associated with severe
COVID-19 compared to children [20]. Although children can also experience severe clinical

disease, they are less affected by COVID-19 than adults.

In general, testing of is patterns in children are different from those in adults and children are
most often tested when they are symptomatic or a contact of a case. SARS-CoV-2 is shed when
talking, coughing, sneezing, or even exhaling. Studies also show that the virus can be shed via
feces and urine and can continue for several weeks [23,24]. This makes it possible for the virus
to spread in schools where they share classrooms and objects and in pre-schools where children

are taken care of by the same teacher.

Viral shedding can continue for longer periods in some patients. Two cases had a shedding time
greater than 100 days. The cases were a 77-years-old inpatient male who shed the virus for 108
days and a 34-year-old outpatient male who shed the virus for up to 128 days. A study of 38
COVID-19 patients with prolonged shedding reported that the longest shedding time they

observed was 118 days, and was a 77-year-old male [25]. It is difficult to determine why
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certain individuals have such prolonged shedding and further research is needed to better

understand this.

A study conducted on six COVID-19 patients shows that prolonged viral shedding can be
observed in both asymptomatic and severe patients [25]. Severe disease, comorbidities,
socioeconomic status, old age and male sex have been reported as factors associated with
prolonged SARS-CoV-2 viral shedding [13,16,21,26]. Other studies have reported prolonged
shedding, however, prolonged shedding was mainly reported in patients with severe disease
[18]. The Centers for Disease Control and Prevention (CDC) recommends that people with
possible COVID-19 exposure should quarantine for 14 days and people who test positive
should isolate for 10 days from the date of symptoms onset [27]. South Africa however
recommends 10 days of isolation or quarantine for asymptomatic patients, and patients with
mild, moderate or severe disease [28]. Of people infected with COVID-19, only 20%
experience moderate or severe disease and require hospitalization. Eighty per cent experience
mild COVID- 19 and isolate from home. Also, it has been reported that asymptomatic or pre-
symptomatic cases are the main drivers of COVID-19, accounting for about 50% of new

COVID-19 infections[26].

Therefore, it is important to monitor viral shedding in patients with mild disease because they
can shed the virus longer and could potentially be a source of future COVID-19 outbreaks. Our
findings indicate that infection control strategies provided by CDC and the NDoH should take

into account prolonged shedding and its impact on disease transmission.

Our study found a significant association between hospitalized patients and shedding time.
Inpatients had 1 day less shedding time compared to hospitalized patients. Studies show that

COVID-19 patients who are hospitalized usually have COVID-19 symptoms, comorbidities and
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are more likely to be older [30,31,32,34]. In line with another study, our study found no
association between age and shedding time [35]. However, some studies have reported that older
age is associated with prolonged shedding [36,37]. Furthermore, male sex has been reported to
have an association with prolonged shedding however, our study found no association between
sex and viral shedding time [38]. Several studies have reported no association between viral
shedding time and sex [37, 39,40]. Although the variable province was not statistically
significant, the association between shedding time and province varied. KwaZulu-Natal,
Gauteng, Limpopo, North West, Mpumalanga, and Western Cape had a significant association
with shedding time. The differences in shedding time between different regions may be due to
differences in comorbidities, socioeconomic status, type of test used, sample size and disease

severity.

Our study had some limitations. Firstly, data received from the NMCList did not include clinical
information about the cases. Secondly, due to the secondary nature of the study, we could not get
certain variables that could have assisted in determining other factors affecting shedding time
within the population. Lastly, viral shedding before symptom onset and before testing was not
measurable using the data we obtained. It is likely that viral shedding occurs beyond the time
points we have described. It is also possible that the shedding time presented in our study is

likely to be an underestimate of the true shedding time in the population.

CONCLUSION

The duration of viral shedding within the population of South Africa varies from 1 to 128 days.
Hospitalized patients are associated with SARS-CoV-2 shedding time. Our findings indicate that
infection control strategies should take into account factors affecting shedding time such as

disease severity.
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TABLES

Table 1: Baseline characteristics of COVID-19 patients in South Africa, 2020

Number of cases (n) Percentage (%)
Age Group (years)
0-14 46 17
15-24 172 6.3
25-34 516 18.8
35-44 630 22.9
45-54 547 19.9
55-64 418 15.2
65+ 419 15.3
Sex
Male 1,456 52.9
Female 1,291 46.9
Unknown 5 0.2
Admission status
Inpatient 1,099 39.9
Outpatient 1,653 60.1
Province
Eastern Cape 283 10.3
Free State 70 25
Gauteng 987 35.9
KwaZulu-Natal 603 21.9
Limpopo 94 3.4
Mpumalanga 95 35
North West 94 3.4

Northern Cape 39 1.4



Western Cape
Number of positive tests
2

3

11

487

255
2,057
314
86
20

12

17.7

9.3

74.7

114

3.1

0.7

0.4

0.1

0.2

0.04
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Table 2: Shedding time of laboratory-confirmed COVID-19 cases in South Africa, 2020

Number of cases n(%) Median (Range)
Overall shedding time 2 752 (100) 17 (1-128)
Age Group (years)
0-14 46 (1.7) 14 (1-72)
15-24 172 (6.3) 16 (1-56)
25-34 516 (18.8) 18 (1-128)
35-44 630 (22.9) 17 (1-78)
45-54 547 (19.9) 17 (1-84)
55-64 418(15.2) 15 (1-94)
65+ 419 (15.3) 16 (1-108)
Sex
Male 1,456 (53) 16 (1-128)
Female 1,291 (47) 17 (1-94)
Admission status
Inpatient 1,099 (39.9) 16 (1-108)
Outpatient 1,653 (60.1) 17 (1-128)
Province
Eastern Cape 283 (10.3) 15 (1-56)
Free State 70 (2.5) 16 (1-67)
Gauteng 987 (35.9) 17 (1-128)
Kwazulu-Natal 603 (21.9) 17 (1-84)
Limpopo 94 (3.4) 21 (1-39)
Mpumalanga 95 (3.5) 20 (1-78)
North West 94 (3.4) 16 (1-54)
Northern Cape 39 (1.4) 16 (1-51)

Western Cape 487 (17.7) 17 (1-84)



Table 3: Univariate and multivariate analysis of factors affecting viral shedding time in COVID-

19 patients in South Africa, 2020

Age Groups (years)
0-14
15-24
25-34
35-44
45-54
55-64
65+
Sex
Male
Female
Admission status
Inpatient
Outpatient
Province
Eastern Cape
Free State
Gauteng
KwaZulu-Natal
Limpopo
Mpumalanga
North West

Northern Cape

Coefficient

-0.01

0.1

0.03

-0.1

0.2

0.4

0.3

0.6

0.5

0.4

0.04

Bivariate

95%CI

Ref*

-0.6-0.2

-04-04

-0.3- 0.5

-04-04

-0.5-0.3

-05-0.3

-0.1-0.07

Ref*

-0.2--0.04

Ref*

Ref*

-0.2-0.5

0.2-0.6

01-05

0.3-09

02-038

0.1-0.7

-04-05

P-value

0.376

0.952

0.696

0.870

0.488

0.506

0.576

0.007

0.339

<0.001

<0.001

<0.001

0.002

0.012

0.857

Coefficient

-0.1

Multivariate

95%ClI

-0.2--0.03

P-value

0.014
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Western Cape 0.3 0.1-05 0.001

*p-values — overall p-values for each exposure variable in the model, ClI — Confidence Intervals
Bivariate analysis, Adjusted - Multivariable analysis, Ref* - Reference category

- Not included in the final model because it is not significant (p>0.005)
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FIGURE LEGENDS

Figure 1: Flow chart showing the participant selection process.
Figure 2: Distribution of shedding time of COVID-19 cases in South Africa by sex, 2020

Figure 3: Distribution of shedding time by age group (years) in South Africa by sex, 2020
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CHAPTER 3: EXTENDED METHODS

This chapter presents additional research materials and methods that were not included in the
manuscript due to the manuscript word count. These include record linkage and ethical

considerations.

3.1 Record linkage

We applied a deterministic method to identify repeat test results from the same individuals and to
link patients between the NMCList and DATCOV databases. The national identity or passport
number was used as the linking variable. The linkage helped us determine patients who were

admitted and who were not.

3.2  Ethical Considerations

For further permission to use COVID-19 surveillance data, we obtained ethical approval for the
NMC surveillance system from the Human Research Ethics Committee at the University of the
Witwatersrand (Approval number: M160667). Privacy of participants was ensured by removing
personal identifiers (name, surname, 1D number, telephone number, address) and using the unique
identifier in the NMCSS line list database. The study data was stored on a password-protected
computer and data was only accessible to the study team.
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CHAPTER 4: EXTENDED RESULTS

This chapter presents additional findings of the study. The results are presented in percentages
and a chart. We provide analysis and interpretation of findings based on the results of the

statistical analysis performed.

In the manuscript, we reported that the median number of tests done by COVID-19 patients in
our study was 3. Patients who had tested 3 times accounted for 75% (2057/ 2752) of the study
population. The highest number of tests done was 11 and were done by 1 patient who was an
inpatient. Inpatients had the highest numbers of tests conducted compared to outpatients, with 6

tests done by 65%, 7 tests (91.7%), 8 tests (66.6%), 9 and 11 tests done by inpatients only

(Figure 4.1).

100%
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80%

70%

60%

50% .
B |npatient

40% .
B Qutpatient

30%

20%

10%

0%
2 3 4 5 6 7 8 9 11

Number of tests

Number of cases (%)

Figure 4.1: Number of positive test results by COVID-19 admission status (inpatients patients
and Outpatients) in South Africa, 2020
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CHAPTER 5: OVERALL DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS
This chapter presents the main findings of the study. The results are presented in percentages,
charts and tables. We provide analysis and interpretation of findings based on the results of the

statistical analysis performed.

5.1 DISCUSSION

Recent guidelines in South Africa states that COVID-19 retesting after the isolation period is not
needed?. These guidelines were set on the basis that the presence of a detectable virus on a positive
case does not necessarily indicate infectiousness. Even though continuous positivity from a PCR-
test is not used to indicate continuous infectivity as assumed at the beginning of the pandemic, an
RT-PCR test is still the most reliable for SARS-CoV-2 detection and diagnosis?. For infection
control, symptom and test-based strategies are used in different settings. Symptoms based strategy
is done by calculating time passed from symptom onset and test-based strategy makes the use of a
negative SARS-CoV-2 RT-PCR result. Furthermore, other factors are used to determine virus

transmissibility positivity besides the use of viral load.

Viral shedding time varied within provinces across the country. Eastern Cape observed the shortest
shedding time with a median of 15 days. Free State, North West and Northern Cape had a shedding
time with a median of 16 days. They were followed by Gauteng, KwaZulu-Natal and Western
Cape with a median of 17 days. Mpumalanga and Limpopo observed the highest shedding times
with a median of 20 and 21 days, respectively. From the literature explored, factors associated with
shedding time may differ according to the setting. This is evident in studies that were done in other
countries and regions where we observed varying shedding durations. For example, the median
shedding time in Changsha was (17 days)3, Singapore (12 days)*, Ethiopia (19 days)®, Tianjin (17
days)® and Netherlands (8 days)’. This finding is similar to a study conducted in Germany that
reported an association of viral shedding with disease severity which was defined by whether a
patient was on mechanical ventilation or not®. Whereas Free State and Northern Capewere not
statistically significant. Eastern Cape was used as a reference group. The difference in shedding

time among provinces could be due to varying socioeconomic status and age distribution.

46



5.2 LIMITATIONS

In the manuscript, we mentioned the lack of clinical information from the data obtained from the
NMCList and the DATCOV system. Although our data contained inpatients and outpatients, we
could not report disease severity due to the lack of supporting information such as treatment given
to patients. Our study contained a small sample of children, making it hard to generalize the
findings of shedding time among children. Since we could not measure viral shedding before
testing or before symptoms onset, we assumed that the viral shedding began on the date of
symptom onset or date of specimen collection. This could have led to an underestimation of viral
shedding time. This study only included cases that tested using an RT-PCR test and excluded cases
that were tested using antigen tests. As a result, it is possible that our study might have
underestimated shedding time within the population. Furthermore, we only addressed viral
shedding time from the upper respiratory specimen sampled from the oropharyngeal and
nasopharyngeal. With studies showing that cases also shed the virus using other channels such as
feces and urine, we may need to compare shedding time from our study with shedding time from
other studies that estimated shedding time using other routes. Since our study used the RT-PCR
test, we need to consider the fact that there is a possibility that the positive SAR-CoV-2 results
detected on the test may not have a correlation with infectivity. Although our study had limitations,
the study design used enabled us to obtain data across all provinces within the country and enabled
us to obtain a bigger sample size that is representative of the population. Our study enabled us to

explore multiple settings which reduces selection bias.

5.3 CONCLUSION

This study provided details on viral shedding time within the population of South Africa. Our study
found a significant association between the hospital admission status of COVID-19 patients and
shedding time. There was a 1-day difference in shedding time between hospitalized and
outpatients. Therefore, there is a need to strengthen prevention and control strategies such as
contact tracing as both hospitalized and outpatients can shed the virus for a similar duration. We
discovered that factors such as province, age and sex were not associated with shedding time. The
study showed that some people can shed the virus longer than others. Although prolonged shedding
might not necessarily indicate infectiousness, individual patient monitoring and management is

needed for patients with prolonged shedding. Furthermore, to control SARS-CoV-2 infection,
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different approaches that can address transmission risk effectively in asymptomatic patients are

required.

54 RECOMMENDATIONS

Our study only looked at four predictor variables (sex, admission status, age and province). We
recommend that further studies be conducted, including more variables such as comorbidities,
socio-economic status, level of education and vaccination status. Since continuous positivity might
not necessarily mean infectivity, we recommend that future studies consider evaluating live viruses
within the population and also do a following up on cases with prolonged shedding to assess their
contacts. This can assist in figuring out infectivity and can be used to inform isolation and
quarantine requirements. We also recommend that studies evaluate the impacts of possible

symptom recrudescence on shedding time and its impacts on SARS-COV-2 transmission.
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Introduction/Background

South Africa recorded its first COVID-19 case on 5 March 2020 and continuesto report the largest number of casesin Africa.
Determining viral shedding time is crucial in understanding COVID-19 transmission dynamics in South Africa, We aimed to
estimate viral shedding time among laboratory-confirmed COVID-19 casesin South Africa.

Methods

We performed a cross-sectional analytic study using COVID-19 data collected in 2020, obtained from the NMCList and
DATCOV systems. These platforms report laboratory-confirmed and hospitalized COVID-19 patients, respectively. The study
consisted of laboratory-confirmed COVID-19 patients with repeat positive PCR tests(at least two positive PCR test results)
and who subsequently tested negative, We defined shedding time as the period from the first positive PCR test to the last
positive test prior to a first negative PCR test result, To determine the association between shedding time and predictor
variables, multivariate analysis was conducted and a p-value <0.05 was considered statistically significant.

Results

Weincluded 2752 cases, About 39.9% (1099/2752) of participants were inpatients and 60.1% (1653/2752) outpatients, The
median shedding time was 17 days (range: 1-128), There was no significant difference in shedding time between males
(median: 16 days, range: 1-128) and females (median: 17 days, range: 1-94) and between inpatients (median; 16 days, range 1
108) and outpatients (median: 17 days, range: 1-128). Individuals aged 04 years had the lowest shedding time (median: 14
days, range: 1-72), After adjusting for age, sex and province, shedding time was shorter for admitted cases compared to
outpatients (coefficient; -0.14, 01: -0.24 —-0,03, P-value: 0.014),

Impact

OQurresultswill assist in refining COVID-19infection control strategies and assist in the interpretation of repeat positive
COVID-19 PCR tests over time. These results may also be used in facilitating early treatment and intervention, leadingto a
decrease in the incidence and mortality due to coronavirus disease.

Conclusion

The duration of viral shedding within the population of South Africa varies from 1 to 128 days. Admission status is associated
with SARS-CoV-2 shedding time. Our findings indicate that infection control strategies should take into account factors
affecting shedding time such as disease severity.
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Appendix 6: Clinical Infectious Diseases Guidelines

Available from:

https://academic.oup.com/cid/pages/Manuscript Preparation#Manuscript%20format%20and%20

structure

https://academic.oup.com/cid/pages/article types#Major%20Articles

https://academic.oup.com/cid/issue-pdf/40/1/859089

MANUSCRIPT FORMAT AND STRUCTURE

Major Articles

Report clinically relevant investigations or observations within CID s scope of interests.
Format guide:

e Word limit: 3000 words (excluding the abstract and references).

e Key points should be summarized on the title page in 40-words or less.

e References: 40 or less.

e Abstract: Up to 250 words, structured using the headings Background, Methods, Results

and Conclusions.

e Tables/Figures: Data in the text should not be repeated extensively in tables or figures.
Please refer to a recent issue of Clinical Infectious Diseases for guidance on style and layout of
articles. Also refer to the Article type section for guidance on relevant information for each article
type.

Manuscript Submission

Clinical Infectious Diseases: Open Access follows a prescribed set of article types with a specific
format for manuscript. Type the entire manuscript, including figure legends, tables, and references,
in font 12, in Times New Roman, double-spaced using Microsoft Word. Leave 1-inch margins on
all sides. Manuscripts should be written succinctly and should cite select references that are

directly relevant. For guidance on length of each article, see section on article types below.
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File Formats

The preferred format for submitting manuscripts online is Microsoft Word (.doc files). PDF files
are not acceptable for submission.

File Contents

Manuscript .doc submissions are preferred as a single file, except for figures, which can be
uploaded separately. You must also submit a cover letter in a second file, in the same format as
your main file. Videos must be submitted in the .mp4 format. For each video, please submit a still
image captured from the .mp4 file; this image will appear as a printable figure with the article. A
video must have a legend that will appear with the still image. If you wish to submit a video, please

consult with the CID editorial office for further details.
Manuscript Preparation

Manuscripts should be double-spaced throughout, including the references and the table and figure
legends, with 1-inch margins on each side. All pages, except for the figures, should be numbered
in the lower right-hand corner of the page, with the title page as page 1. The recommended layout
is as follows: title page, abstract, text, acknowledgments, references, tables, figure legends, and

figures.
Title Page

All manuscripts, including Correspondence, should have a title page that includes the following

information:

1. A concise, informative title

2. The names and affiliations of all authors. The first name, initial(s), and surname of each
author should be followed by his or her department, institution, city, and country.

3. Up to 5 keywords

4. A running title of no more than 40 characters and spaces

5. The complete contact information for both the corresponding and alternate corresponding
authors.

6. Major Articles, Reviews, and Viewpoints should also include a 40-word summary of the

article’s main point.
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It is editorial policy to list only one author for correspondence. We do not accept co-first authors,
nor co-corresponding authors. However, it is acceptable to state that “author X, author Y, etc.

contributed equally to this manuscript.”

Any changes of address may be given next to the Affiliations or in the Acknowledgments. Any
deletions or additions to the author list after submission of the paper must be submitted in writing,

and signed by all authors.
Abstract

The second page of the manuscript should contain the Abstract. Please refer to the Article Type
for Abstract formats. The Abstract should be comprehensible to readers before they have read the

paper and should not contain reference citations.
Multimedia Abstracts

Authors of the following article types are allowed to consider including a graphical abstract or
video abstract as part of the article, in addition to the text abstract.

Major Articles
Review Avrticles
Brief Reports
Viewpoints

Multimedia abstracts are a visual summary of the main article findings and often take the form of
graphical images or videos. They display in addition to the text abstract and offer readers a quick
browsing method, in addition to providing you with an asset to share and discuss your findings.
The abstract is considered a part of the article and should be submitted with the full article; they

are peer reviewed and published online and in PDF.
Abbreviations

Non-standard abbreviations should be kept to a minimum. They should be defined at the first

occurrence and introduced only where multiple use is made.
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Text

Authors are encouraged to follow the Uniform Requirements for Manuscripts Submitted to
Biomedical Journals. They should strive for a concise article without excessive detail (word limits

are specified under Categories of Articles). All but the shortest articles should have subheadings.
Funding

Details of all funding sources for the work in question should be given in a separate section entitled

“Funding.” This should appear before the “Acknowledgment” section.

The following rules should be followed:

e The sentence should begin: “This work was supported by ...”

e The full official funding agency name should be given, ie “the National Cancer Institute at
the National Institutes of Health” or simply “National Institutes of Health” not “NCI” (one
of the 27 subinstitutions) or “NCI at NIH.” Please see here for a full RIN-approved list of
UK funding agencies.

e Grant numbers should be complete and accurate and provided in brackets as follows:
“[grant number ABX CDXXXXXX]”

e Multiple grant numbers should be separated by a comma as follows: “[grant numbers ABX
CDXXXXXX, EFX GHXXXXXX]”

e Agencies should be separated by a semi-colon (plus “and” before the last funding agency)

e Where individuals need to be specified for certain sources of funding the following text
should be added after the relevant agency or grant number “to [author initials].”

An example is given here: “This work was supported by the National Institutes of Health [P50
CA098252 and CA118790 to R.B.S.R.] and the Alcohol & Education Research Council [HFY
GR667789].”

Crossref Funding Data Registry and CHORUS

In order to meet your funding requirements authors are required to name their funding sources, or
state if there are none, during the submission process. For further information on this process or to
find out more about CHORUS, visit the CHORUS initiative.

Conflict of Interest
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Please follow this link for further guidance on Conflict of Interests.
Acknowledgments

Personal acknowledgment should precede those of institutions of agencies. Any substantial
assistance in preparing the manuscript—for example, in data retrieval or statistical analysis—other

than by an author should be stated.

Please note that acknowledgment of funding bodies and declarations regarding conflicts of interest

should be given in separate Funding and Conflicts of Interest sections, respectively.
Please follow this link for further guidance on Conflict of Interests.
References

EndNote and Reference Manager are software programs for publishing and managing
references/bibliographies, which are available from Thomson Reuters. If you use EndNote or
Reference Manager to facilitate referencing citations, this journal’s style is available for use. The
EndNote program and relevant information can be found here:
http://www.endnote.com/support/enstyles.asp. Please follow the instructions on this page

regarding purchasing, downloading, and using the software.

CID reference style is based on the Uniform Requirements for Manuscripts Submitted to
Biomedical Journals

Names of journals are abbreviated according to the List of Journals Indexed for Medline. Titles of
journals not listed in Medline should be spelled out in full. References should be numbered
consecutively as they appear in the text, with the numbers in brackets on the text line (e.g., [3, 7—
9, 57]). References first cited in tables or figures should be in sequence with those in the text; for
example, if table 1 is mentioned in the text after reference [8], the next new reference cited in table
1 will be reference [9]. Unpublished data should be cited in the text as (unpublished data), but not
included in the references list. References to manuscripts submitted, but not yet accepted, should
be cited in the txt as (B Jones and L Smith, manuscript in preparation) and should not be included
in the reference list. References to pre-prints are permitted but only where the final version of the
paper has yet to be published in a journal. Citations of submitted manuscripts should include all

authors involved. For references with >6 authors, the first 3 authors should be listed, followed by
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et al. Reference to a doctoral dissertation should include the author, title, institution, location, year,
and publication information, if published. For online resources, a URL and date accessed should

be included. Accuracy of references is the responsibility of the authors.

The citation of journals, books, multi-author books, preprints (to be cited only where a final version
of the paper has yet to be published in a journal), and articles published online should conform to

the following examples:

e Gorecki DC, Monaco AP, Derry JMJ, Walker AP, Barnard, EA, Barnard, PJ. Expression
of four alternative dystrophin transcripts in brain regions regulated by different promoters.
Hum Mol Genet, 1995 ; 155: 505-511.

e Francis V, Bastin M. (2000) Gene targeting in rat embryo fibroblasts promoted by the
polyomavirus large T antigen. Nucleic Acids Res [in press].

e Maniatis T, Fritsch EF, Sambrook J. Molecular Cloning: A Laboratory Manual. Cold
Spring Harbor, NY: Cold Spring Harbor Laboratory Press, 1982 .

e Huynh TV, Young RA, Davis RW. DNA Cloning. In: Glover DM. DNA Cloning - A
Practical Approach. Vol 1. Oxford, UK: IRL Press; 1988 :49-78.

e Public Health Service Task Force. Recommendations for the use of antiretroviral drugs in
pregnant HIV-1 infected women for maternal health and interventions to reduce perinatal
HIV-1 transmission in the United States. Available at: http://www.aidsinfo.nih.org.
Accessed 24 April 2002.

e Lyon DJ, Cheng AFB, Norrby SR. Mechanisms of cefotaxime resistance in blood culture
isolates of Enterobacter high prevalence of extended-spectrum pB-lactamases [abstract
C43]. In: Program and abstracts of the 35th Interscience Conference on Antimicrobial
Agents and Chemotherapy (San Francisco). Washington, DC: American Society for
Microbiology, 1995:47.

e Pre-print example: Bar DZ, Atkatsh K, Tavarez U, Erdos MR, Gruenbaum Y, Collins FS.
Biotinylation by antibody recognition- A novel method for proximity labeling. BioRxiv
069187 [Preprint]. August 11, 2016 [cited 2017 Jan 12]. Available from:
https://doi.org/10.1101/069187.
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Tables

All tables should be on separate pages and accompanied by a title, and footnotes where necessary.
The tables should be numbered consecutively using Arabic numerals. Units in which results are
expressed should be given in parentheses at the top of each column and not repeated in each line
of the table. Ditto signs are not used. Avoid overcrowding the tables and excessive words. The
format of tables should be in keeping with that normally used by the journal; in particular, vertical
lines, colored texts, and shading should not be used. Please be certain that the data given in tables

are correct.

In a footnote to the table, all abbreviations used should be defined, unless otherwise defined in the
text, excluding units of measure. Footnotes and accompanying explanatory material should be kept
to a minimum. Footnotes should be placed below the table and designated by superscript lowercase
letters (listed in order of location when the table is read horizontally). Each column must have a

heading describing the data below, and units of measure must be clearly indicated for all data.
Please follow this link for further details on table formatting.
Figure Legends

These should be on a separate, numbered manuscript sheet. Define all symbols and abbreviations
used in the figure. Figures and legends should be intelligible without reading the text of the

manuscript.
Manuscript Details
Nomenclature

CID attempts to use the latest widely accepted nomenclature. See Bergey's Manual of
Determinative Bacteriology (9th ed., revised, Williams & Wilkins, 1994) and Enzyme
Nomenclature: Recommendations of the Nomenclature Committee of the International Union of
Biochemistry and Molecular Biology on the Nomenclature and Classification of Enzymes
(Academic Press, 1992). Formal terms for virus families, genera, and species should be those
approved by the International Committee on Taxonomy of Viruses; see Virus Taxonomy—The
Classification and Nomenclature of Viruses: Seventh Report of the International Committee on

Taxonomy of Viruses (Academic Press, 2000). This volume also includes standard abbreviations
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for virus species. For names and abbreviations of chemical compounds, refer to the Merck Index
(13th ed., Merck, 2001). The Editors appreciate the assistance of authors and readers who inform

them of changes in nomenclature.
Human Genetic Nomenclature and Notation

For human genes, use genetic notation and symbols approved by the Human Gene Mapping
Workshop (see Wain HM, Bruford EA, Lovering RC, Lush MJ, Wright MW, Povey S. Guidelines
for human gene nomenclature. Genomics 2002; 79:464—70). Human gene names and loci should
be written in italicized capital letters and Arabic numerals. Human protein product names are not
italicized. For human mutation nomenclature, see Antonarakis et al. (Recommendations for a

nomenclature system for human gene mutations. Hum Mutat 1998; 11:1-3).
Human Single-Nucleotide Polymorphisms (SNPs)

For human genes, newly described SNPs should be submitted to an appropriate database, such as
dbSNP, prior to submission of the revised manuscript. The identification numbers of previously
recognized SNPs (rs numbers) or recently submitted SNPs (ss numbers) should be provided in the
manuscript, if the number of SNPs is small, or submitted as supplemental online material, if the

number is large.
Statistical analysis

The statistical analyses used should be identified both in the text and in all tables and figures where

the results of statistical comparison are shown.
Units of measurement

The use of Sl units is encouraged. All data should be expressed in metric units. Temperature should
be expressed in degrees Celsius.

Journal Copyediting Style

Authors are referred to the AMA Manual of Style: A Guide for Authors and Editors (10th ed.,
Oxford University Press, 2007) and the Chicago Manual of Style (16th ed., University of Chicago
Press, 2010). For commercially obtained products mentioned in the text, the full names of
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manufacturers should be listed. Generic names of drugs and other chemical compounds should be

used.

Language editing, if your first language is not English, to ensure that the academic content of your
paper is fully understood by journal editors and reviewers is recommended, though optional.
Language editing does not guarantee that your manuscript will be accepted for publication. Please
follow this link for further information on this service. Several specialist language editing
companies offer similar services and you can also use any of these. None of these services have
been validated by CID, OUP, or IDSA. Authors are liable for all costs associated with such

Services.
Figures and Illustrations

Patient’s identity must be removed in all figures (i.e., X-rays, MRIs, charts, photographs, etc.).
Written informed consent is required from any potentially identifiable patient or legal

representative, and should be presented in either the Methods section or the Acknowledgements.

Figures should also be numbered in the order of mention in the text and should appear at the end
of the manuscript and references. Figures will not be relettered by the publisher. The journal

reserves the right to reduce the size of illustrative material.
Formatting

Multipart figures should be submitted as a single file, with panels labeled within the image, rather
than as multiple files. Letters, numbers, and symbols should be clear and of sufficient size to be
legible when the figures are reduced. Photomicrographs should have internal scale markers. If the
manuscript is accepted, the author will be required to supply high resolution figure files for

production.

Save figure files in TIFF or EPS format, using CMYK colors, with fonts embedded. When creating
figures, please make sure any embedded text is large enough to read. If figures contain miniscule
characters such as numbers on a chart or graph, they will most likely be illegible in the final

version.

Please follow this link and scroll down to Figures for useful information on preparing your figures

for publication.

65



Halftone illustrations, photographs

Any photomicrogaphs, electron micrographs, or radiographs must be of high quality with respect
to detail, contrast, and fineness of grain to withstand the inevitable loss of contrast and detail
inherent in the printing process. Wherever possible, photographs should fit within the print area or
within a column width. Photomicrographs should provide details of staining technique and a scale
bar. Patients shown in photographs should have their identity concealed or should have given their
written consent to publication. Please indicate the magnification by a bar on the photograph.

Minimum resolutions are 300 d.p.i for color or tone images.
Line Drawings

All line drawings should have clear and sharp lines. No additional artwork, redrawing, or
typesetting will be done. Therefore, all labeling should be done on the original line drawing. Faint
shading and stippling could be lost upon reproduction and should be avoided. Line drawings must
have a resolution of at least 600 d.p.i. at their final size.

Color Hlustrations

Authors are required to pay the full cost of reproduction of color figures. For details see Clinical
Infectious Diseases charges. If you require color reproduction of figures in the print journal you

will be asked to approve the cost. An invoice will be issued at the time of publication.

Clinical Infectious Diseases also offers free reproduction of color figures in the online version
(figures in the print version will appear in black and white). Figure captions must be suitable

worded to apply to both the print and online versions of the article.
Permission to Reproduce Figures and Extracts

For a copyright prose work, it is recommended that permission is obtained for the use of extracts
longer than 400 words; a series of extracting totally more than 800 words, or which any one extract
is more than 300 words; or an extract or series of extract compromising one-quarter of the work

or more.

Permission to reproduce copyright material, for print and online publication in perpetuity, must be
cleared and if necessary paid for by the author; this includes applications and payments to DACS,

ARS, and similar licensing agencies where appropriate. Evidence in writing that such permissions
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have been secured from the rights-holder must be made available to the editors. It is also the
author's responsibility to include acknowledgements as stipulated by the particular institutions.
Oxford Journals can offer information and documentation to assist authors in securing print and

online permissions: please see the Guidelines for Authors section.
Supplementary Data

Supplementary data is supporting material that cannot be included in the printed version for
reasons of space and is not essential for inclusion in the full text of the manuscript but would
nevertheless benefit the reader. The material should not be essential to understanding the
conclusions of the paper but should contain data that is additional or complementary and directly
relevant to the article content. Such information might include more detailed methods, extended

data sets/data analysis, or additional figures or tables.

It is standard practice for appendices to be made available online only as supplementary material.
All text and figures must be provided in suitable electronic formats. All material to be considered
as supplementary material must be submitted at the same time as the main manuscript for peer
review. It cannot be altered or replaced after the paper has been accepted for publication, and will
not be edited. Files for supplementary data should be clearly marked as such and be accompanied
by a summary of the file names and types. Also ensure that the supplementary material is referred
to in the main manuscript where necessary, for example as "(see Supplementary Material)" or "(see

Supplementary Figure 1)."

Please note that supplementary data will not be copyedited, so ensure that it is clearly and
succinctly presented, and that the style of terms conforms with the rest of the paper. It cannot be

altered or replaced after the paper has been accepted for publication.
Copyright and License

It is a condition of publication in Clinical Infectious Diseases that the authors grant an exclusive
license to the journal’s sponsoring society, the Infectious Diseases Society of America. This
ensures that all of the necessary rights needed for publication of the article are in place including
provision for any requests from third parties to reproduce the content to be as widely disseminated
as possible. No article will be published unless the signed license has been received at Oxford
Journals. Authors will be notified by the CID Editorial office when their article has been processed
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to OUP Production. Within a few days, a license form link will be sent by OUP Production to the
corresponding author. The first line of the email will read: "Welcome to Oxford Journals!" Please
note that, in order for your article to publish, it is imperative that you visit the link provided and
sign your License to Publish form as soon as possible. Without your signed consent, Oxford
Journals cannot publish your article. The sooner your signature is received; the sooner your work
can be disseminated. Any queries about the license form should be sent as soon as possible to
Rights and permissions so that any issues can be resolved quickly and to avoid any delay in

publication.

As part of the license agreement, authors may use their own material in other publications,
provided that the journal is acknowledged as the original place of publication and Oxford

University Press is acknowledged as the publisher.

Upon receipt of accepted manuscripts at Oxford Journals authors will be invited to complete an
online copyright license to publish form.

Work submitted for publication must be original, previously unpublished, and not under
consideration for publication elsewhere. If previously published figures, tables, or parts of text are
to be included, the copyright-holder’s permission must have been obtained prior to submission.

For more information on how to obtain permissions, please consult Rights and Permissions.
Proofs

Authors are sent page proofs by email. To avoid delays in publication, proofs should be checked
immediately and corrections, as well as answers to any queries, returned to the publishers as an
annotated PDF via email or fax within 2 working days. Further details are supplied with the proof.

It is the author’s responsibility to check proofs thoroughly.

Excessive alterations in the proof stage may delay publication of the article to a subsequent issue.
Authors who make extensive amendments to the text at the page-proof stage will be charged an

additional fee.
Advance Access

Advance Access allows for papers to be published online soon after they have been accepted for

publication, reducing the time between submission and publication. Advance Access articles are a
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mix of accepted manuscripts, labeled as “Accepted Manuscripts,” and finalized manuscripts,
labeled as “Corrected Proofs.” Posted Accepted Manuscripts have been accepted by the journal
but have not been copyedited or formatted per journal style. Copyediting may lead to minor
differences between the Accepted Manuscript and the Corrected Proof; there will be changes to
the formatting and there may also be differences in the quality of the graphics. Appearance in
Advance Access constitutes official publication, though the articles have not yet been paginated
for inclusion in a specific issue of the journal. The Advance Access version can be cited by a
unique DOI (Digital Object Identifier). When the Corrected Proof is paginated into an issue, it will
then be removed from the Advance Access page.

Availability of Data and Materials

Where ethically feasible, Clinical Infectious Diseases strongly encourages authors to make all data
and software code on which the conclusions of the paper rely available to readers. We suggest that
data be presented in the main manuscript or additional supporting files, or deposited in a public
repository whenever possible. For information on general repositories for all data types, and a list

of recommended repositories by subject area, please see Choosing where to archive your data.
Data Citation

Clinical Infectious Diseases supports the Force 11 Data Citation Principles and requires that all
publicly available datasets be fully referenced in the reference list with an accession number or
unique identifier such as a digital object identifier (DOI). Data citations should include the

minimum information recommended by DataCite:
« [dataset]* Authors, Year, Title, Publisher (repository or archive name), Identifier

*The inclusion of the [dataset] tag at the beginning of the citation helps us to correctly identify and
tag the citation. This tag will be removed from the citation published in the reference list.
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