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COVID-19

When the World Health Organization (WHO)
declared COVID-19 (Coronavirus disease 2019)
to be a pandemic in March 2020, little was
known about SARS-CoV-2 (Severe acute
respiratory syndrome coronavirus), the virus that
causes COVID-19. Non-immune populations were
susceptible to infection, enabling the virus to spread
rapidly around the world, helped by global travel.

Vaccines were not yet available to prevent severe
illness and death from the disease, particularly
among vulnerable people. There were no effective
therapeutics to treat COVID-19. Facilities to
diagnose and track infections were not widely
available. Few countries could have anticipated the
consequences the COVID pandemic would have
on their communities and how it would threaten
national health services and economies.

In assessing mortality due to the COVID-19
pandemic, WHO estimated that as of the end of
2021 there were 13.3-16.6 million excess deaths*
caused directly and indirectly by the pandemic
(13% more than the officially reported figure of 5.4
million)’. Other researchers have estimated excess
mortality to be nearer 18 million?.

* Excess mortality is calculated as the difference between the
number of deaths that have occurred and the number that
would be expected if the pandemic had not occurred based
on data from previous years.

Excess deaths due to the pandemic included:

— confirmed reported COVID-19 deaths,

— unconfirmed COVID-19 deaths due to a lack
of testing facilities, misdiagnosis, or inadequate
health reporting systems,

— deaths from conditions made worse by infection
with SARS-CoV-2,

— deaths unrelated to COVID-19 that were not
diagnosed or treated in time due to health services
being redirected to treat COVID-19 patients.

As of May 2023, outbreaks of COVID-19 had been
reported in nearly every country.

Impact of COVID-19 pandemic on LMICs
In low and middle income countries (LMICs), the
COVID-19 pandemic resulted in increased poverty,
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reduced incomes, unemployment, food insecurity,
child and maternal mortality, child malnutrition,
adolescent pregnancies, lost education due to
frequent school closures, and the diversion of
resources to manage COVID-19 outbreaks.

Implementation of public health measures to stop
the spread of COVID-19 led to a reduction in
services to diagnose, treat, and prevent diseases
such as malaria, tuberculosis, HIV, neglected tropical
diseases (NTDs), measles and other childhood
diseases. Healthcare services for other diseases
also became unavailable. Community healthcare
workers were prevented from carrying out routine
antenatal care, immunizations, administrating mass
drug therapy or performing active NTD surveillance
due to physical distancing or travel restrictions.
Emergency services, disease rehabilitation services
and essential healthcare supply chains were also
affected.

Africa and COVID-19: WHO reported that as
of the end of 2021, over two-thirds of Africans had
been exposed to SARS-CoV-2, with true infections
around 97 times higher than reported confirmed
cases®. Higher infections occurred in dense rural
areas with fewer infections in children under 1 year
than adults.

It has been estimated that up to 67% of SARS-CoV-2
infections in Africa are asymptomatic, most likely
due to a younger age population. Measures as
used previously to control other infectious diseases
in Africa were also introduced at an early stage
of the pandemic. Other factors may include the
high number of African people that live in rural
areas and travel widely infrequently. Also high
temperatures and humidity have been shown to
reduce the spread of COVID-19.

While the immunity gained from waves of COVID
disease outbreaks is helping to reduce the number
of SARS-CoV-2 infections in Africa, WHO stresses
the need for continued surveillance to detect the
emergence of new variants which may overwhelm
immunity3.

South-East Asia and COVID-19: In January
2020, the first case of SARS-CoV-2 infection was
reported in South-East Asia. At the beginning
of the pandemic, infections were mostly mild.
In some countries this led to control measures
being disregarded, including social distancing and
mask-wearing. Political rallies, mass demonstrations
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and religious gatherings took place. In April 2021,
these factors, together with the emergence and
spread of the more infectious and clinically severe
Delta SARS-CoV-2 variant, resulted in a wave of
difficult to control infections with high loss of life.

In India, large numbers of patients with COVID-19
and lack of preparedness, led to shortages of
oxygen and essential therapeutics. Health services
became overwhelmed. The inappropriate use of
steroids led to an epidemic of mucormycosis (“black
fungus disease”)’. Vaccines were insufficient to
protect people.

Impact of the pandemic on diseases prevalent
in LMICs: The impact of the pandemic on malaria,
TB, HIV and neglected tropical diseases (NTDs),
has been immense. People were reluctant to seek
medical care for fear of becoming infected with
SARS-CoV-2, were unable to attend a health centre
or hospital during lockdowns, and were unable to
access essential healthcare services due to their
replacement by SARS-CoV-2 facilities.

The outcome has been an increase in disease
mortality, spread of infections, reduced disease
surveillance, prevention and control, discontinued
treatments, and lack of support for patients.

Malaria: The highest number of deaths from
malaria for nearly a decade was reported in 2021.
It has been estimated that about two thirds of
additional deaths were caused by disruption
and delays to the delivery of malaria supplies to
diagnose, treat and prevent malaria during the
COVID-19 pandemic®.

Several studies have suggested that people with
SARS-CoV-2 infection are at greater risk of severe
COVID-19 if they become co-infected with malaria
and that critical COVID-19 occurs more frequently
in those with low previous P. falcjparum exposure
than those with high previous exposure® ’.

TB: The pandemic has resulted in an increase in TB
mortality associated with fewer referrals, late disease
diagnosis, interrupted and discontinued treatment,
reduction in BCG vaccination, and an increase in
rifampicin resistance. TB is thought to increase the
risk of SARS-CoV-2 infection. It is suggested that
people with pre-existing TB are more likely to
develop COVID-19 complications when infected
with SARS-CoV-2 and may have poorer treatment
outcomes especially if TB treatment is interrupted?.

HIV: For some people living with HIV, the pandemic
has disrupted treatment and access to HIV services
with follow-up clinic visits being restricted. Patients
were unable to collect antiretroviral drugs or drugs
become unavailable. Also affected were antiretroviral
therapy monitoring and the diagnosis and treatment
of HIV related opportunistic infections.

Untreated HIV increases the risk of new variants
emerging due to a weakened immune system
prolonging SARS-CoV-2 infection, giving an
opportunity for the virus to mutate®. People with HIV
coinfected with SARS-CoV-2 are at greater risk of dying
from COVID-19 when HIV is not treated effectively.
Vaccination protects against severe COVID-19 and
has been shown to be safe in those infected with HIV.

NTDs: The greatest impact of the COVID-19
pandemic has been on NTDs, setting back important
gains of recent years. Several papers have studied
the impact of the COVID-19 pandemic on NTDs™",
Strategies aimed at combining the resumption of
NTD actvities while managing endemic COVID-19
are described in the paper of Molyneux et al*
Resuming NTD activities is essential to achieving
the NTD targets of the 2021-2030 WHO/NTD
Roadmap® and reducing the impact of climate
change on mosquito transmitted NTDs (and malaria).

Ending COVID-19 as a global health
emergency

On 5 May 2023 the WHO Director-General declared
COVID-19 to be an established and ongoing health
issue which no longer constituted a public health
emergency of international concern (PHEIO)*.

* PHEIC: Level that mandates countries to act under
international health regulations.

In downgrading the pandemic from the highest level
of emergency, WHO advised that this does not mean
that the pandemic is over. “...COVID-19 continues
to be a global threat... the virus is still changing with
the risk of new variants emerging that may cause
new surges in cases and deaths.. The worst thing any
country can do is to let down its guard, dismantle the
systems it has built or send the message to its people
that COVID-19 is nothing to worry about.”

Long-term prevention, control and
management of COVID-19

The following have been important in moving from
an emergency response to a long-term management
of COVID-19:



— the Omicron variant of SARS-CoV-2 (see later
text), causing less severe disease,

— fewer infections, hospitalizations and deaths
globally,

— increased population immunity to COVID-19
following waves of infection and vaccination,

— improved treatment of COVID-19,

— health authorities providing reliable information
on how SARS-CoV-2 is transmitted, how to
prevent infection and reduce the risk of severe
disease,

— economic pressures.

Note: WHO has published a Strategic Preparedness
and Response Plan, April 2023-April 2025: From
emergency response to long-term COVID-19
disease management*.
* WHO/WHE/SPP/2023.1

Information required to manage COVID-19
long-term

Health authorities require the following information
to manage COVID-19 long-term:

® SARS-CoV-2, its variants and sublineages.
® Transmission of COVID-19.

® (linical features of active COVID-19 and long
COVID-19.

® Prevention and control of COVID-19.
® |aboratory testing for COVID-19.

SARS-CoV-2

SARS-CoV-2 is a newly discovered betacoronavirus.
It was first isolated and identified in December 2019
from bronchoalveolar lavage samples collected
from patients with pneumonia of unknown origin
living in Wuhan City, People’s Republic of China.
SARS-CoV-2 is believed to have originated from
zoonotic coronaviruses. It is possible a live animal
intermediate host, as yet unknown, may have been
involved in the transfer of the virus to humans.

SARS-CoV-2 is a positive single-stranded enveloped
RNA (ribonucleic acid) virus surrounded by
spikes. The structure of the virus is shown in Fig.1.
Embedded in the outer membrane of the virus
are the spike (S), membrane (M), and envelope
(B) viral proteins. The virus attaches to host cells
(airway epithelial cells and vascular endothelial cells)
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by the spike protein recognizing and binding to
the host cell receptor, an angiotensin-converting
enzyme 2 (ACE2). Following membrane fusion the
viral genome enters the host cell. This leads to viral
replication and virus release.

Resemblance to other coronaviruses

Genomic sequencing of SARS-CoV-2 has shown the
virus to resemble two previously known coronaviruses i.e.
SARS-CoV (severe acute respiratory syndrome coronavirus)
first identified in 2003 and MERS-CoV (Middle-east respir-
atory syndrome coronavirus),identified in 2012. SARS-CoV-2
closely resembles SARS-CoV (90% sequence homology).
SARS-CoV-2 is more pathogenic. Drugs used to treat
SARS-CoV and MERS-CoV infections have been ineffective
in treating COVID-19.

SARS-CoV-2 variants

As viruses replicate, mutations can occur in the
transcription of viral genetic material leading to the
emergence of variants. A variant can contain one or
several mutations which may confer on the virus a
selective advantage(s).

Multiple variants of SARS-CoV-2 are circulating
globally, most of which contain mutations of no
significance. However, variants have emerged of
public health significance containing mutations in
the virus spike proteins, making the virus more
transmissible and resistant to COVID-19 vaccines.
Genomic sequencing is used to identify SARS-CoV-2
virus sequences and the mutations they contain and
to detect and track SARS-CoV-2 Variants of Interest
(VOls), Variants of Concern (VOCs) and Variants
under Monitoring (VUMs).

Note: WHO definitions of the different variants
and the actions to be taken by WHO and Member
States when a new variant is identified are listed in
the WHO publication: Updated working definitions
and primary actions for SARS-CoV-2 variants, 4
October 2023 Greek alphabet letters are used
to name VOCs and the Pango and Nextstrain
nomenclature systems are used to report VOIs.

Examples of VOCs are Delta which had a limited
circulation and Omicron, the variant currently
circulating globally. Compared with Delta, Omicron
has mutations which make it more infectious but
cause less severe disease as it infects preferentially
the upper respiratory tract unlike Delta which
infected the lower respiratory tract. Omicron has
continued to evolve producing an increasing
number of Omicron sublineages which since March
2023, WHO has classified independently as VOls,
VOGs, or VUMs™,
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Information on currently circulating Omicron
variants can be found in the monthly WHO
publication COVID-19 Epidemiological Update,
available online.

In 2024 WHO launched a Coronavirus Network
(CoViNet) to facilitate early and accurate detection
of coronaviruses and variant tracking including
coordinating risk evaluations and monitoring the
spread of SARS-CoV-2 in chronically infected
individuals and animal populations.

Recombinant variants: A SARS-CoV-2 recombinant
variant arises when a person becomes infected with two or
more variants at the same time resulting in the combination
of genetic material during replication. Recombinant
variants occur when multiple variants and sublineages are
circulating at the same time. Recombination may result
in the characteristics of a variant changing more rapidly
than changes which occur following genetic mutation. The
Pango system uses the letter X to name recombinant
variants.

Reducing the emergence of variants: As
SARS-CoV-2 continues to evolve, it is expected
that further variants will emerge due to genetic
mutation or virus recombination. These may
increase virus transmission, make infection or
reinfection of vaccinated people more frequent
and potentially increase disease severity and affect
control measures, treatments or the performance
of diagnostic tests. Reducing the transmission of
SARS-CoV-2 reduces opportunities for variants of
public health significance to emerge.

TRANSMISSION OF COVID-19

Understanding how COVID-19 is transmitted
is key to selecting public health measures and
interventions that will most effectively:

— reduce community transmission,
— prevent disease outbreaks and fatalities,
— avoid health services becoming overwhelmed.

COVID-19 is transmitted by close contact with an
infected person, i.e. being within 1 metre of the
person. The risk of infection increases the longer and
more frequent the contact and when a person has
contact with a large amount of virus. The virus can
be inhaled from an infected person when the person
coughs, sneezes, speaks, sings or laughs loudly.

Long distance (> 2 metres) airborne transmission of
COVID-19 can occur when people meet or work in
poorly ventilated confined indoor places, particularly
for long periods and when aerosol emissions increase,
e.g. singing, speaking loudly. Such infections can
cause disease outbreaks by becoming super-
spreading events when a single person or few people
infect a large number of people. Aerosols containing
virus can remain in the air for a considerable time.

People living in close proximity to one another in
densely populated urban areas, refugee settlements,
or prisons, are at greater risk of infection.



Be aware of different levels of risk in different settings.

There are certain places where COVID-19 spreads more easily:

Crowded Close-contact Confined and
places seftings enclosed spaces
with many people Especially where with poor
nearby people have close- ventilation

range conversations

The risk is higher in places where

these factors overlap.
Even as restrictions are lifted, consider

where you are going and #StaySafe by
avoiding the Three Cs.

Fig.2 WHO Poster Avoid the Three Cs : Crowded places, Close-contact settings, Confined enclosed spaces.

Courtesy WHO Infographics — English

CQOVID-19 is less commonly transmitted indirectly
by touching surfaces or objects contaminated with
virus from an infected person. The virus can then
be transferred on the hands to the eyes, nose or
mouth.

Infectiousness is dependent on virus variant,
shedding of live virus, viral load, disease severity,
immune responses and stage of infection. People
are most infectious 1-2 days before the onset
of symptoms and in the early stages of disease,
remaining infectious for 7-9 days, longer with
severe disease. Asymptomatic people can also
transmit the virus to others.

Note: SARS-CoV-2 cannot be transmitted by
mosquitoes, ticks, houseflies or other insects. It
cannot be transmitted by being ingested in food
or water and the disease is not thought to be
transmitted in urine or faeces although SARS-CoV-2

can survive in urine, faeces and waste water. The
virus is not transmitted by blood transfusion. It is not
passed from mother to child during pregnancy and
has not been found in breast milk (symptomatic
mothers when breast-feeding should wear a mask
and wash their hands frequently).

Transmission of COVID-19 by using air-conditioning and
fans®

WHO advises that air-conditioning systems that recirculate air
should not be used as these can risk spreading SARS-CoV-2
virus. A well-maintained air-conditioning system that does
not recirculate the air can reduce the spread of COVID-19 in
indoor spaces by increasing the rate of air change, reducing
air recirculation and increasing the amount of fresh air
coming in.

Using a fan that blows air from an infected person directly at
another in a closed space increases the risk of virus spreading
from one person to another. It is important to regularly
bring in air from outside by opening windows or doors while
minimizing how much air blows from one person (or group of
people) to another person (or group of people).
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The use of ceiling fans can improve the circulation of air from
outside and avoid pockets of stagnant air forming indoors.
When using ceiling fans fresh air must be brought in from
outside such as by opening windows.

Animals and SARS-Co V-2

While it is known that domestic and other animals can
become infected with SARS-CoV-2 following close contact
with infected humans, there is no evidence that animals play
a significant role in spreading the virus to humans.*

*CDC Animals and COVID-19, April 2022. www.cdc.gov

CLINICAL FEATURES

Many infections with SARS-CoV-2 are asymptomatic
or have few symptoms. Symptoms of COVID-19
depend on the virus variant, viral load and a
person’s immune responses. Variants replicating
in the lower airways can cause acute respiratory
illness with pneumonia and low oxygen levels.
Variants replicating in the upper airways such as the
Omicron variant cause less severe disease.

SARS-CoV-2 is a respiratory and a multi-system
virus causing a wide range of symptoms. Frequently
reported symptoms (occurring a few days following
infection) are fatigue, breathing difficulties and
loss or altered sense of smell (anosmia) and taste
(ageusia). Less commonly, infection causes a severe
life-threatening inflammatory response with the
release of inflammatory cytokines.

Other common symptoms include cognitive
impairment (“brain fog”), fever, dry cough, sore
throat, nasal congestion, headache, muscle and
joint pain, rashes, and occasionally vomiting and
diarrhoea (common in children). In general, infants
and children are asymptomatic or experience
milder symptoms with less frequent long term
health issues. Rarely a life-threatening multi-system
inflammatory response occurs in children.

Those at risk of developing severe disease include
unvaccinated people, immunocompromised people,
elderly people, pregnant women and people with
coexisting conditions such as obesity, hypertension,
untreated HIV, type 2 diabetes, chronic obstructive
pulmonary disease, cystic fibrosis, tuberculosis,
chronic heart, kidney, and liver disease, blood and
bone cancers. Alcohol abuse and smoking also
increase the risk of COVID-19 complications.

A study carried out in Western Cape Province,
South Africa in the early stages of the pandemic,

found COVID-19 fatalities to be associated with
male gender, increasing age, diabetes, hypertension,
chronic kidney disease, current and previous TB
and HIV disease’.

When virus transmission is high, places of work
that do not provide safe working conditions for
employees such as protective screens and personal
protective equipment (PPE), increase the risk of
COVID-19 outbreaks. Workers at increased risk
include front-line healthcare personnel, teachers
when face-to-face teaching, and factory workers.

Globally COVID-19 has been reported as causing
mental health problems. In South Asian countries,
increasing poverty, financial hardship due to
rising prices, unemployment, food scarcity, school
closures and particularly social distancing, isolation
from family members and quarantining have been
reported as causing loneliness, depression, anxiety
and insomnia"”. Social prejudice and harassment
have led to suicides.

Post COVID-19

While most people recover from infection with
SARS-CoV-2, it is estimated that 10-20% of people
experience long-term health problems, referred to
variously as post COVID-19 (WHO terminology),
long COVID, chronic COVID syndrome and
long-haul COVID. To help diagnose the condition,
care for patients, estimate prevalence and promote
research globally, the following definitions of post
COVID-19 have been proposed by WHO for adults
and children using the Delphi process*.

*The Delphi process involves multiple rounds of surveys and
expert panel discussions to arrive at a consensus. The expert
panel for COVID-19 included patients and their carers, clini-
cians, researchers, and policy makers representing different
nations including those from LMICs.

WHO 2021 clinical case definition of post
COVID- 19 condition in adults™

Post COVID-19 condition occurs in individuals with
a history of probable or confirmed SARS-CoV-2
infection, usually 3 months from the onset of
COVID-19 with symptoms that last for at least 2
months and cannot be explained by an alternative
diagnosis. Common symptoms include fatigue,
shortness of breath, cognitive dysfunction but also
others* which generally have an impact on everyday
functioning. Symptoms may be of new onset,
following initial recovery from an acute COVID-19
episode, or persist from the initial illness. Symptoms
may also fluctuate or relapse over time.


www.cdc.gov

* Abdominal pain, menstrual and period problems, altered
smell/taste, anxiety, depression, dizziness, blurred vision,
chest pain, cough, intermittent fever, diarrhoea, constipation,
headache, joint pain, muscle pain/spasms, neuralgias, new
onset allergies, pins and needles sensations, post-exertional
malaise, sleep disorders, tachycardia/palpitations, tinnitus and
other hearing issues.

WHO 2023 clinical case definition for
post COVID-19 condition in children and
adolescents®

Post COVID-19 condition in children and adolescents
occurs in individuals with a history of confirmed or
probable SARS-CoV-2 infection, when experiencing
symptoms lasting at least 2 months which initially
occurred within 3 months of acute COVID-19.

Current evidence suggests that symptoms more
frequently reported in children and adolescents
with post COVID-19 condition compared with
controls are fatigue, altered smell/anosmia and
anxiety. Other symptoms have also been reported
(non-specific that can occur with other childhood
infections and illnesses).

Symptoms may be of new onset following initial
recovery from acute COVID-19 or persist from the
initial illness. They may fluctuate or relapse over time.
Symptoms generally have an impact on every day
functioning. There may be additional diagnoses but
these do not exclude the diagnosis of post COVID.

What causes long COVID

Long COVID can occur following asymptomatic,
mild, or acute COVID-19. Recent studies suggest
infection with Omicron variants results in fewer
cases of long COVID. People who have been more
severely ill or have been hospitalized are at greater
risk of developing long COVID.

The cause(s) of long COVID are not yet known. It
has been suggested that it may be due to persistent
SARS-CoV-2 infection, organ damage at the time
of acute infection, mitochondrial damage, small
blood clots, changes in gut microbiome, chronic
inflammation, or an autoimmune inflammatory
response. Pre-existing health conditions and treatments
may also contribute to the condition. Long COVID
shares similarities with myalgic encephalomyelitis
(MB), the cause of which is also unknown.

People with long COVID are not infectious to
others. The PCR test for SARS-CoV-2 may be
positive or negative. Vaccination does not protect
against long COVID but may reduce the severity
and duration of symptoms.
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Long COVID reduces the quality of life of those
affected, preventing people from working and
functioning normally. Increasingly recognized, health
authorities are allocating resources to diagnose and
understand the condition and provide physical
rehabilitation, psychological, social and medical
support to those most affected. Artificial intelligence
is being used increasingly to help determine the
cause(s) of long COVID.

PREVENTION AND CONTROL

Preventing the spread of COVID-19 is by:

— Following personal preventive measures.
Supporting national public health measures.
Contact tracing.

Being vaccinated.

Personal measures
Personal measures include:

® Physical distancing, staying at least 1 metre
from people and minimising contact time and
frequency.

® Wearing a well-fitting several layered face mask
when meeting people and not sharing masks.

® Washing hands regularly with soap and water
for at least 20 seconds and when this is not
possible using a hand sanitiser containing at
least 60% alcohol.

® Covering the mouth and nose with the elbow
when coughing or sneezing.

® Avoiding embracing, handshaking and kissing.
Ensuring homes are well ventilated.

Working from home when possible and avoiding
face-to-face meetings.

® Self-isolating when feeling unwell and following
national COVID-19 testing and reporting
guidelines.

Public health measures
Public health and social measures aimed at keeping
communities safe include:

® Health authorities communicating reliable infor-
mation on COVID-19 and how the virus is trans-
mitted using leaflets, posters, radio broadcasts,
TV networks, and texting using smart phones.
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® During times of high transmission, restricting
large public gatherings in poorly ventilated
enclosed places, closing schools, factories, offices,
non-essential shops, bars, restaurants, and night-
clubs, postponing political rallies, conferences,
workshops and festivals, and limiting large
religious gatherings.

® Improving housing and crowded living
conditions, and ensuring water supplies are
adequate and safe.

Contact tracing

Contact tracing along with testing, isolation of
those infected, are key strategies for interrupting
chains of transmission of SARS-CoV-2.

Forward contact tracing is when those who have
been in contact with a person with probable or
confirmed COVID-19 are traced and instructed
to quarantine to avoid further transmission of the
virus. Suggested periods of quarantine vary from
7—-14 days depending on national guidelines.

Backward contact tracing (case investigation), is when
the source of infection of a person with COVID-19
is investigated to identify chains of transmission and
help identify others who may be at risk.

Vaccination

COVID-19 vaccines protect against disease by
stimulating an immune response to the SARS-CoV-2
virus. Antibodies are produced that detect the
virus, reduce viral replication and help to eliminate
virally infected cells. The first COVID-19 vaccines
approved for emergency use became available in
December 2020, just 12 months after genomic
sequencing of the virus*.

* The first genomic sequencing of the virus was carried out
in the People’s Republic of China by the Consortium led by

Professor Yong-Zhen at Fudan University, Shanghai and was
made publicly available in January 2020.

During the pandemic many people developed
infection induced immunity to SARS-CoV-2
circulating variants. COVID-19 vaccines protect those
without or with limited immunity to SARS-CoV-2
from severe COVID-19 illness, hospitalization and
death. Although a person can still get COVID-19
after being vaccinated, symptoms are less likely to
be severe. Vaccination helps to reduce the risk of
new SARS-CoV-2 variants emerging.

High priority groups of people requiring vaccination
include:

— the elderly,

— those with underlying chronic health conditions
including hypertension, type 2 diabetes, obesity,
pulmonary disease,

— persons with active cancer,

— those being treated with immunosuppressive
drugs,

— people living with HIV with a CD4 count <200
cells/pl,

— pregnant women,

— front-line health workers.

Note: Further information on COVID-19 vaccine
priority groups can be found in the WHO publication:
WHO roadmap on uses of COVID-19 vaccines
in the context of Omicron and high population
immunity, 10 November 2023, available online. The
publication considers public health goals, evolving
epidemiology and increasing population-level
immunity.

Vaccines need to be available and accessible. Only a
few COVID-19 vaccines are manufactured in LMICs.
From April 2020 to the end of 2023, the COVAX
facility helped to accelerate the development,
manufacture and equitable distribution of COVID-19
vaccines globally. Reliable vaccine information and
community trust are essential to ensure COVID-19
vaccination is included in the management of
endemic COVID-19 alongside other infectious
diseases.

Types of COVID-19 vaccines

RNA: Messenger RNA (mRNA) is used to encode viral spike
protein genetic information to human cells enabling them to
generate viral antigen to stimulate a strong immune response.

Non Replicating Viral Vector: A safe virus is used to provide
genetic instructions to produce coronavirus antigens which
are used to generate both a high cellular and antibody
immune response.

Inactivated: Virus particles are grown in culture. The genetic
material of the virus is destroyed and the inactivated or
weakened virus is used to stimulate an immune response.

Protein subunit: Non-infectious laboratory-produced protein
fragments similar to the SARS-CoV-2 virus are used to
stimulate an immune response.

Important: 1t is essential to consult vaccine manufacturers’
literature regarding transport, storage, and use of individual
vaccines.

Individual countries approve vaccines for emergency
use and develop policies for their use following
clinical Phase 3 studies demonstrating vaccine
safety and acceptable efficacy.



The S spike of the SARS-CoV-2 virus is the main
protein used as a target in current COVID-19
vaccines. As the virus continues to circulate and
evolve producing changes in the spike protein,
vaccines will need to adapt to ensure optimal
immune responses.

Note: The list of currently available WHO
COVID-19 vaccines with WHO Emergency Use
Listing can be found in the WHO Prequalification
of Medical Products (IVDs, Medicines, Vaccines and
Immunization Devices, Vector Control). The list is
available online.

Safety of COVID-19 vaccines

Vaccine manufacturers in addition to monitoring the efficacy
of their vaccines, also monitor the occurrence of any adverse
event following vaccination (AEFI).

An AEFI is any untoward medical occurrence following
immunization such as any unfavourable or unintended sign,
abnormal laboratory finding, or symptom of disease not
related to vaccine use. A serious AEFI is an event that results
in death, hospitalization, persistent or significant disability
or incapacity, congenital abnormality /birth defect or is
life-threatening®.

Herd immunity and COVID-19: WHO
defines herd immunity as the indirect protection
from an infectious disease that happens when
a population is immune through vaccination or
immunity developed through previous infection

9

with vaccination preferred to avoid unnecessary
cases and deaths?. It is thought unlikely that
herd immunity for COVID-19 is achievable due
to vaccine hesitancy and possible emergence of
variants that are more transmissible and resistant
to vaccines?2,

New generation of COVID-19 vaccines: Most
of the recently developed COVID-19 vaccines
have been produced to provide optimal immunity
against currently circulating Omicron variants (e.g.
monovalent JN.1 vaccines). Other vaccines being
considered for development include:

— Pan-coronavirus (universal) vaccines that provide
protection against all coronaviruses and their
subfamilies.

— Intranasal vaccines which may reduce virus
transmission by stimulating mucosal immunity
and because nasal vaccination does not require
needle inoculation or administration by a health
official, it may lead to more people being
vaccinated.

A COVID-19 vaccine able to prevent infection and
block transmission is yet to be developed, made
difficult with the rapid emergence of new variants
of SARS-CoV-2.

COVID-19 vaccination.

Left: Photo by Hakan Nural on Unsplash with gratitude. Right: Photo by Kristine Wook on Unsplash with gratitude.
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LABORATORY TESTING

Laboratory testing for SARS-CoV-2 infection is
primarily carried out to:

— diagnose COVID-19 in persons at risk of severe
COVID-19 (high priority persons),

— provide health authorities with information on
the prevalence and incidence of COVID-19 in
the community,

— investigate a suspected COVID-19 outbreak.

The laboratory diagnosis of COVID-19 is by:

® Detecting and identifying SARS-CoV-2 nucleic
acid in nasopharyngeal or oropharyngeal
samples using real time reverse-transcriptase
polymerase chain reaction (rRT PCR.

® Detecting and identifying SARS-CoV-2 antigen
in nasopharyngeal or oropharyngeal samples
using rapid lateral flow immunochromatography.

The correct collection, storage and transport of
samples is critical to ensure the reliability of test
results. Samples should reach the laboratory as
soon as possible after collection. When a delay in
despatch is unavoidable, swabs in viral transport
medium can be kept at 2-8 °C for up to 72
hours.

SARS-CoV-2 nucleic acid tests

Also known as nucleic acid amplification tests
(NAATs), SARS-CoV-2, nucleic acid tests are
highly sensitive and specific. An example of a
SARS-CoV-2 PCR test is Xpert Xpress SARS-CoV-2
plus, manufactured by Cepheid. The test detects
qualitatively SARS-CoV-2 nucleic acid from
nasopharyngeal swabs, nasal swabs or nasal wash/
aspirates. The nucleic acid targets are the E gene,
N2 region of the N gene and RdPR gene.

All the reagents are contained in the test cartridge
and the extraction of nucleic acid, DNA amplification
and detection of target sequences are performed
automatically. Cartridges require storage at 2-28°C
and have a shelf-life of 12 months from date of
manufacture. The GeneXpert instrument required
is similar to that used to diagnose TB in LMICs (see
pages 144-145 in Tropical Medicine Point-of-Care
Testing).

Cepheid also manufactures Xpert Xpress CoV-2/Flu/
RSV, a PCR test which differentiates SARS-CoV-2

from influenza A, influenza B and respiratory
syncytial virus.

Note: An evaluation of both Cepheid COVID-19
PCR tests carried out in South Africa showed
the tests performed well?®. As the virus continues
to mutate, SARS-CoV-2 PCR tests will require
adaptation by manufacturers.

Interpreting COVID-19 rRT PCR test results
Positive rRT PCR test: Indicates infection with
SARS-CoV-2. The test does not indicate how long
a person has been infected or whether the person
is infectious. Most people are non-infectious about
10 days following infection. A SARS-CoV-2 PCR
test can remain positive for several weeks following
recovery because the test detects both viable and
non-viable virus.

Negative rRT PCR test: Indicates that a person
was not infected with SARS-CoV-2 at the time
their sample was taken. A negative test result may
also occur due to a poorly collected or transported
sample, contaminated PCR reagent, use of primers
that have not been validated, or a virus mutation
leading to changes in viral nucleic acid sequences.

In the interpretation of test results, a patient’s
history, clinical symptoms and epidemiological risk
factors need to be considered. When a test is
negative and symptoms of COVID-19 persist, a
second test should be performed.

SARS-CoV-2 antigen tests

Also known as COVID-19 antigen rapid diagnostic
tests (RDT), SARS-CoV-2 antigen tests are point-
of-care tests that detect qualitatively within 15-30
minutes, SARS-CoV-2 nucleoprotein antigen in
upper respiratory samples or saliva using lateral
flow immunochromatography. Antigen tests are
not as sensitive as nucleic acid tests (antigen is
not amplified like nucleic acid in rRT PCR tests),
particularly in asymptomatic people.

Antigen tests are most reliable when SARS-CoV-2
prevalence is high (=5%) and viral load is highest
which is 2-3 days before symptoms develop and
in the early symptomatic stage of illness. Antigen
tests can help to identify a disease outbreak quickly.
When disease transmission is low, the positive
predictive value of antigen tests will be low with
many false positive tests.

Antigen tests can be used to test an asymptomatic
individual when the person is a contact of a



confirmed or probable case or when the person is
at high risk of developing COVID-19 from being
exposed to high levels of the virus.

SARS-CoV-2 antigen tests have an important role in
reducing disease transmission when the incidence
of COVID-19 is high. Antigen tests are able to
detect the most infectious people and their contacts,
provide rapid test results and can be performed
by community health workers in places where
SARS-CoV-2 nucleic acid testing is not possible with
minimum operator training required and without
the need for laboratory facilities.

Note: Further information on the application of
SARS-CoV-2 antigen tests can be found in the
paper of Peeling & Olliaro, Rolling out COVID-19
antigen rapid diagnostic tests: the time is now?*.

An example of a SARS-CoV-2 antigen test is the
Standard Q COVID-19 Ag Test manufactured by
SD Biosensor. It is a lateral flow (LF) test. The test
detects qualitatively specific antigen to SARS-CoV-2
present in a nasopharyngeal sample as an aid to
the early diagnosis of patients with symptoms of
COVID-19. The test result should not be the sole
basis for diagnosis, confirmatory testing is required.

In a multi-centre clinical evaluation of seven SARS-
CoV-2 antigen tests covering diagnostic accuracy
(assessed by viral load) and ease of test performance,
the Standard Q COVID-19 Ag Test was shown to be
the most suitable test based on its accuracy and the
easiest of all the tests to perform?>,

Samples: A nasopharyngeal sample from a
symptomatic person is required. Samples should
be tested as soon as possible after collection. If a
delay is unavoidable, a sample may be stored at
2-8 °C for up to 4 hours. Samples can be collected
into viral transport medium.

The performance of Standard Q COVID-19 Ag Test
is shown in Fig.4. The test takes 15-30 minutes to
perform. Test results require reading in a good light
to ensure faint coloured test lines are not missed.
SARS-CoV-2 variants are not expected to affect the
performance of LF tests.

Interpreting SARS-CoV/-2 antigen test results
Positive test: Indicates infection with SARS-CoV-2.

Negative test: Providing the test was performed
correctly, a negative test result indicates that the
amount of antigen in the sample was below the
detection limit of the test at the time the sample
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was collected. A negative test therefore cannot
exclude the possibility of an active SARS-CoV-2
infection. When symptoms persist, the test should
be repeated or preferably a SARS-CoV-2 nucleic
acid test should be performed.

The Standard Q COVID-19 Ag Test is supplied as
a 25 test kit. It requires storage at 2-30 °C, out of
direct sunlight (must not be frozen). The kit has a
24 month shelf-life from date of manufacture. All
the items needed are supplied, including sterile
swabs.

SD Biosensor also manufactures STANDARD Q
COVID/Flu Ag Combo, a rapid lateral flow antigen
test which differentiates SARS-CoV-2 from influenza
A and influenza B in nasopharyngeal samples. The
test has been shown to perform reliably?.

Other laboratory investigations
Point-of-care tests that can be helpful in supporting
the care of those with COVID-19 include:

Full blood count (FBC)

In patients with severe COVID-19, the haemoglobin
level is reduced, total WBC count is raised,
lymphocytes and platelets are reduced.

In areas where sickle cell disease occurs, a thin blood
film should be examined for features indicative of
sickle cell disease which is one of the risk factors for
COVID-19.

In malaria endemic areas, a malaria RDT should
be performed or a thick blood film examined to
exclude malaria in COVID-19 patients with fever.

C reactive protein (CRP)
Elevated serum CRP is significantly associated with
severe COVID-19.

Procalcitonin (PCT)

Raised serum PCT is associated with severe
COVID-19. The test may help in limiting the
use of antimicrobials in patients with COVID-19
pneumonia.

D-dimer test

Rapid point-of-care immunochromatographic tests
are available to detect fibrinogen degradation
products (D-dimer), to screen for disseminated
intravascular  coagulation (DIC), deep vein
thrombosis and pulmonary embolism associated
with severe COVID-19.
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Insert a sterile swab into the nostril of Insert the swab into an extraction buffer E Remove the swab while squeezing the
the patient. Rotate the swab 3-4 times tube. While squeezing the buffer tube, stir sides of the tube to extract the liquid from
against the surface of the nasopharynx the swab more than 5 times. the swab.

and withdraw the swab from the nasal

cavity. ‘

(@f . HT
3-4 times

n Press the nozzle cap tightly onto the tube. E Ahpply 3 drops oil’l e>f<t|:cted sdpecimen to E Read the test result in 15-30 minutes.
the specimen well of the test device.

Read
in 15-30 mins.
Do not read
drOpS after 30 mins.
[ 15-30 mins
: [N :
J &
A + Do not read test results after 30 minutes.
j + Place the test device on a flat surface It may give false results.

CoVID-19
Ag

+ Dispense the specimen at 90 degree CAUTION
angle to allow for free falling drops and
CAUTION avoid bubbles.
COoVID-19 CovID-19 COoVID-19 COoVID-19 COoVID-19
Ag Ag Ag Ag Ag
) ~ ) ) [ -

“ " Control Line » —_—n —_—|n —_—|n -n ~n
“T" Test Line » mi R =~ i ma “

Ag Positive Negative Invalid
Fig.4 How to perform a Standard Q COVID-19 Ag Test.

Note: The presence of any faint coloured line in the Test area should be interpreted as a Positive test.
Courtesy of SD Biosensor

The facilities of a Haematology/Coagulation of a stained sputum smear for AFB should be
Laboratory are required to test for raised fibrinogen performed when testing for COVID-193¢
levels and prolonged prothrombin time.

Clinical chemistry tests
Sputum smear to screen for TB Hypoalbuminaemia, raised liver enzymes, elevated
In areas of high TB transmission, examination  total bilirubin, and increased serum/plasma



creatinine have been reported in patients with
severe COVID-19. Diabetes mellitus is a risk factor
for COVID-19 and blood glucose levels can be
raised in severe disease.

Note: Tests that can be performed in district
laboratories to screen for kidney disease are
described on pages 259-274, and tests to
investigate liver disease on pages 275-280 Tropical
Medicine Point-of-Care Testing.

The measurement of blood glucose is described
on pages 249-255 and glycated haemoglobin on
pages 254-255.

Measurement of electrolytes and other clinical
chemistry tests which may be indicated in treating
patients with COVID-19 require the facilities of a
Clinical Chemistry Laboratory.
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