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Multisystem inflammatory syndrome in children (MIS-C) is a rare 
inflammatory syndrome with multisystem involvement affecting 
children exposed to COVID-19. It emerged in Singapore as the 
incidence of COVID-19 in the community increased in 2021.

A Singapore observational study on cases fulfilling the Ministry 
of Health criteria for MIS-C from January 2020 to December 2021 
was conducted in the country’s biggest paediatrics hospital. All 
patients had mucocutaneous features similar to Kawasaki 
disease, frequently presenting with haematological, 
gastrointestinal and cardiovascular symptoms.

Multidisciplinary management, timely diagnosis, and early 
treatment with intravenous immunoglobulin and steroids likely 
contributed to good outcomes.
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The COVID-19 pandemic has brought losses to patients, families and healthcare professionals. A Singapore scoping review identified 
the different types of losses leading to grief—the death of family members, patients and colleagues, as well as the loss of usual 
routines, lifestyles and physical health. The grief experienced was multidimensional, affecting the emotional, physical, social and 
existential realms. Anger, guilt and fear resulted from unsatisfactory farewells, issues with funerals, social isolation, financial strain 
and stigmatisation. 

Loss and grief identification and management are critical. Innovative strategies for management encompass communication, finance, 
counselling, education and spiritual care.
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Early reperfusion of ST-segment elevation myocardial infarction 
(STEMI) leads to better outcomes. Interventions that have 
resulted in shorter door-to-balloon time include prehospital 
cardiovascular laboratory activation and prehospital 
electrocardiogram transmission, which are only available for 
patients who arrive via emergency ambulances.

A Singapore retrospective study examined data of patients who 
arrived at the emergency department by emergency 
ambulances and via their own transport. The findings revealed 
that arrival via ambulance was associated with a decreased 
door-to-balloon time for STEMI patients compared to arriving 
via own transport. In spite of this, only a third of the patient 
cohort had arrived by ambulance.

Public education can help to increase awareness of STEMI 
symptoms and the use of emergency transportation when 
experiencing such symptoms. Findings from the study can 
guide further investigations and workflow to improve 
door-to-balloon time.
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This issue highlights two Singapore studies focused on the 
impact and mitigation of kidney diseases, in commemoration 
of  World Kidney Day in March.

Patients with chronic kidney disease can benefit from serious 
illness conversation, following identification of risk factors 
associated with increased mortality. These include the 
Charlson Comorbidity Index, serum albumin and recent 
hospital readmission.

Cardiovascular morbidity and mortality are high among patients 
with end-stage renal failure. Predictors of death and acute 
myocardial infarction are examined among those on different 
modalities of dialysis. Findings show tighter control of 
cardiovascular risk factors benefits patients on dialysis.
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Multisystem inflammatory syndrome in children: A unique manifestation  
of COVID-19 
Si Min Chan 1FRCPCH (UK)
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EDITORIAL

During the coronavirus disease 2019 (COVID-19) 
pandemic, children have been relatively spared from  
the severe symptomatic infection affecting adults, 
particularly the elderly and those with comorbidities. 
One of the most challenging aspects of paediatric  
SARS-CoV-2 infection has been the discovery of a  
unique late manifestation of infection characterised  
by fever, systemic inflammation and multiorgan 
involvement. First described in April 2020, it was 
termed paediatric inflammatory multisystem syndrome 
temporally associated with SARS-CoV-2 (PIMS-TS)  
or multisystem inflammatory syndrome in children 
(MIS-C). Since then, confronting this new childhood 
inflammatory disorder has been fraught with challenges 
including variable case definitions, non-specific  
symptoms, treatment strategies extrapolated from 
other inflammatory conditions and adult experience, 
and unknown pathophysiology, risk factors and 
incidence of severe outcomes or long-term sequelae. 
Furthermore, although similarities between MIS-C 
and the well-described Kawasaki disease (KD) 
suggest that the 2 disorders lie on the same clinical and 
pathophysiological spectrum, MIS-C has emerged as a 
distinct entity affecting older children with more intense  
inflammation, increased shock and gastrointestinal 
manifestat ions,  more thrombocytopaenia and 
lymphopaenia, and a greater propensity for myocardial 
rather than coronary artery injury. 

Nadua et al.1 describe 12 cases of MIS-C in late 
2021 after the Delta wave in Singapore, presenting at  
median age of 7.5 years, at a median interval of 25 days  
after SARS-CoV-2 infection or exposure. Eleven cases 
had mild or asymptomatic COVID-19. All developed 
conjunctivitis and coagulopathy. Half had shock  
requiring intensive care, while 4 patients required  
inotropic support. Similar to other studies, gastrointes-
tinal symptoms were commonly seen (75%), followed  
by neurological (42%), respiratory (33%) and renal  
(33%) involvement. Fever defervesced quickly at about  

2 days and C-reactive protein normalised around 2  
weeks, after treatment with intravenous immunoglobulin 
(IVIg), steroids and aspirin. A range of low- to high-dose 
steroids was used depending on symptom severity. One 
child with refractory symptoms improved quickly after 
receiving anakinra. Overall, there was a short median 
hospitalisation and intensive care stay of 6 and 3 days, 
respectively. All patients described survived, while  
other large studies reported low mortality <2%.2,3

This small case series provides insight into the key 
demographic Singapore population at risk for MIS-C. 
Large surveillance studies in Sweden2 and the US4 
have identified young school-aged children to be at the  
highest risk. Other associated factors are males,  
foreign-born parents, asthma, obesity and chronic  
medical conditions. While KD is more common in  
Japan and East Asia, MIS-C is over-represented in  
non-Hispanic Black children, who also have a 1.7 odds 
ratio of decreased cardiac function.5 Scarce incidence 
and outcome data are available for ethnic disparities in 
East Asia and could not be assessed here, but patients 
belonged to all 3 main ethnic groups in Singapore. The 
clinical spectrum seen in Singapore is consistent with 
previous literature.3 Notably, shock was seen in 50%  
of MIS-C, significantly more than <10% of KD.  
Abrams et al. described such patients as having a  
sepsis-like presentation with more abdominal pain, 
shortness of breath, and markedly deranged inflamma- 
tory and cardiac biomarkers.5

Nadua et al. reported that 83% of their patients had 
cardiovascular involvement; 8 of 11 children had  
abnormal echocardiogram findings during admission,  
and 8 of 10 had elevated N-terminal pro-B-type  
natriuretic peptide (NT-proBNP) levels. Cardiac 
involvement included coronary artery abnormalities 
(CAAs) in 3 patients from as early as day 4–5 of  
illness, ventricular dilatation in 3 patients, and reduced 
cardiac function in 4 patients. Seven of 8 patients with 
abnormal echocardiograms had complete resolution 

Ann Acad Med Singap 2022;51:666-8
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months later.9 Larger studies are needed to determine 
the incidence of long-term myocardial injury, and to 
guide recommendations on the use of CMR, especially 
in resource-limited settings. 

Diagnosis of MIS-C hinges on the presence of 
acute SARS-CoV-2 infection in the 2–8 weeks prior 
to presentation. Changing SARS-CoV-2 testing 
practices, vaccination, and serologic interpretation  
make establishing the timing of infection more  
complicated as the pandemic progresses. In the  
endemic phase of the pandemic, how recurrent infection 
affects the risk of developing MIS-C is currently  
unknown. While COVID-19 is not uncommon, the  
relative rarity of MIS-C means that investigation of 
other causes for febrile illness should be thorough to 
avoid misclassification of conditions with overlapping 
symptoms like KD shock syndrome, haemophagocytic 
lymphohistiocytosis, dengue fever, or toxic shock 
syndrome. International guidelines8,10 based on 
consensus processes outline treatment strategies using 
immunomodulation, adjunctive antibiotics and/or 
antivirals, and anti-thrombotic therapy that are broadly 
similar, with uncertainty over optimal dose and timing  
of steroid administration, thrombotic and/or bleeding  
risks, and the benefit of IVIg in myocarditis. Ongoing 
clinical trials such as the MISTIC and RECOVERY  
trials will hopefully shed further light. Milder  
phenotypes with fever, rash, systemic inflammation but 
less organ involvement may not fulfil current diagnostic 
criteria, and may be managed conservatively. However, 
the risk of cardiac sequelae in this setting is unknown  
and the benefit of empiric IVIg to prevent CAAs is 
uncertain. 

Overall, it is reassuring that MIS-C has a low  
incidence and mostly favourable outcomes with 
early diagnosis, aggressive supportive care, and 
immunomodulation when needed. Reducing the risk 
of MIS-C could be seen as another reason to prioritise  
young school-aged children for vaccination. The 
similarities and differences with KD may contribute to 
a better understanding of the genetic predispositions 
and immune mechanisms of the hyperinflammatory 
host response, even as the pathogenesis of KD has 
remained elusive for over 50 years. There remain 
many unknowns; population-based studies in different 
countries and communities are needed to contribute to 
evolving our understanding of MIS-C, and to define  
the pathophysiology, risk factors, and therapeutics 
to prevent and treat severe outcomes of shock and  
cardiac sequelae in affected children. 

by 6 months post-discharge; reduced cardiac function 
resolved more quickly than CAAs (median time 14 
days versus 42 days, respectively). However, similar to  
KD, late cardiac sequelae can occur. The authors report  
2 Chinese boys, 11 and 4 years old, who had both rash  
and conjunctivitis. The first had mildly elevated NT-
proBNP and a normal echocardiogram on day 7 of  
illness, but subsequently developed mild coronary  
artery dilatation on day 50, which was still present 
on day 218. The other had markedly elevated NT-
proBNP and mildly reduced left ventricular function 
on day 7 resolving by day 10, but later developed mild 
coronary artery dilatation on day 22 that resolved by 
day 52. Males and patients with conjunctivitis and 
mucocutaneous lesions are more likely to develop  
CAAs, which may reflect a clinical picture more  
similar to KD.5 Elevated proBNP and interleukin-6 are 
similarly associated with higher risk of CAAs but this 
threshold is unclear as mildly elevated BNP also occurs 
in non-cardiac inflammatory conditions. 

Significant cardiac sequelae such as heart failure, 
CAAs and arrhythmias causing long-term morbidity are 
a major concern for patients and physicians. These may 
not be immediately apparent, and may occur in children 
who were not critically ill. So far, limited knowledge 
suggests a good prognosis. Inflammatory manifestations 
tend to resolve within 1–4 weeks. Farooqi et al. reported 
that in 45 children with MIS-C, 1 had persistent mild 
biventricular dysfunction and 1 had mild mitral and 
tricuspid regurgitation at 4–9 months.6 Davies et al. 
reported 6 of 68 children had ongoing aneurysms at  
86–336 days post-admission.7 Although American  
College of Rheumatology guidelines8 recommend 
echocardiograms at 1–2 weeks, 4–6 weeks, and then 
1 year later for those with cardiac involvement during 
acute MIS-C, and more often for those with ventricular 
dysfunction or CAAs, it is unclear whether those with  
no acute cardiac involvement should have a similar  
follow-up. Arrhythmias presenting only post-acute  
illness may warrant electrocardiogram surveillance. 
Despite the rapid resolution of ventricular dysfunction, 
the occurrence of myocardial fibrosis and scarring as  
seen in other types of myocarditis may only be detected  
on cardiac magnetic resonance (CMR) imaging 2–6  
months later. However, in a prospective study of 11 
children with symptomatic COVID-19 and 6 with  
MIS-C, of whom 2 MIS-C participants had mild to 
moderate left ventricle dysfunction and 2 had mild  
coronary dilation, no significant cardiac disease by 
CMR and serum cardiac biomarkers were found 1–3 
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ORIGINAL ARTICLE

ABSTRACT 
Introduction: Multisystem inflammatory syndrome in children (MIS-C) is a rare inflammatory  
syndrome with multisystem involvement affecting children exposed to COVID-19. This condition is  
rarely reported in East Asia and was not detected in Singapore until 2021. We present 12 cases of  
MIS-C diagnosed in KK Women’s and Children’s Hospital (KKH) from October 2021 to December 2021. 
Method: We conducted an observational study on cases fulfilling the Singapore Ministry of Health  
criteria for MIS-C from January 2020 to December 2021 in KKH. Medical records were reviewed to  
obtain information on clinical presentation, disease course, treatment received and outcomes. 
Results: In the 12 cases detected, the median age was 7.50 years (interquartile range 4.00–9.25);  
8 were male. All patients had mucocutaneous symptoms similar to Kawasaki disease. Other  
commonly involved systems were: haematological (coagulopathy 100%, lymphopaenia 91.70% and 
thrombocytopaenia 75.00%), gastrointestinal (75.00%) and cardiovascular (83.30%). Six patients  
(50.00%) had shock and were admitted to the intensive care unit. The majority of patients received  
treatment within 2 days of hospitalisation with intravenous immunoglobulin (IVIg) and steroids. All  
survived; the majority had normal echocardiograms and no long-term organ sequelae at 6 months  
post-discharge.
Conclusion: MIS-C emerged in Singapore as the incidence of COVID-19 in the community increased  
in 2021. The clinical presentation of our patients is similar to earlier reports, with some significant 
differences from Kawasaki disease. Multidisciplinary management, timely diagnosis, and early initiation  
of treatment with IVIg and steroids likely contributed to comparatively good outcomes. Our cases 
highlight the need for continued awareness of MIS-C among physicians, and surveillance of its incidence,  
short- and long-term outcomes.
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INTRODUCTION
While children infected with severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) resulting in 
coronavirus disease 2019 (COVID-19) have milder 
manifestations compared to adults,1,2 a rare multisystem 
inflammatory syndrome leading to multiorgan failure  

and shock (multisystem inflammatory syndrome in  
children [MIS-C]) has been recognised to affect children 
with exposure to COVID-19. MIS-C shares similar  
features with Kawasaki disease (KD), another  
inflammatory syndrome with mucocutaneous signs such  
as conjunctivitis and rash, and cardiac complications.3 
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CLINICAL IMPACT

What is New

•	 An increased number of cases of multisystem 
inflammatory syndrome in children (MIS-C) was 
observed during the Delta wave of COVID-19 in 
Singapore.

•	 In our series, patients had mucocutaneous features 
similar to Kawasaki disease, but also frequently 
presented with gastrointestinal symptoms, 
cardiovascular involvement, shock, coagulopathy, 
lymphopaenia and thrombocytopaenia. Other 
systems’ involvement was less common.

Clinical Implications

•	 As COVID-19 becomes endemic in 
Singapore, young children could be more 
predisposed to MIS-C, especially unvaccinated 
individuals. Early diagnosis, treatment with 
intravenous immunoglobulin and steroids, and 
multidisciplinary management may result  
in good outcomes.

Initial reports of MIS-C largely came from the US 
and Europe.4-6 In contrast, despite the high incidence of 
COVID-19 in East Asia, which includes China, Japan 
and Korea, reports of MIS-C are rare in this region.7-10  

For the first 20 months of the pandemic from January  
2020 to September 2021, no cases of MIS-C were  
detected in Singapore.11 In the year 2021, there was  
a sharp increase of COVID-19 infections due to the  
arrival of the highly transmissible Delta variant of  
concern (VOC),12 and the transition of the national  
health policy to treat COVID-19 as an endemic disease. 
While Delta VOC has been shown to cause more severe 
presentation in adults,12 whether it has altered the  
clinical pathology in children remains unknown. From 
October 2021 to December 2021, our hospital detected  
12 cases of MIS-C. In this article, we describe their 
clinical presentation, disease course, treatment received 
and outcomes.

METHOD
This was a retrospective observational study on MIS-C 
cases diagnosed in KK Women’s and Children’s  
Hospital (KKH) from January 2020 to 31 December  
2021. KKH is a public paediatric tertiary hospital  
and the national centre for management of children  
with COVID-19 in Singapore.

Cases were defined according to the Singapore 
Ministry of Health (MOH) criteria for MIS-C (Table 1), 

which was adopted from the World Health Organization 
criteria.13 Clinical information such as demographics, 
presenting symptoms, examination findings, laboratory 
results, treatment received, clinical course and outcomes 
were obtained through a review of medical records up 
to 6 months post-discharge. Data were analysed using 
descriptive statistics (median and interquartile range  
[IQR]) with Microsoft Excel). This study was approved 
by the institutional review board (CIRB No. 2020/2094). 
Written informed consent was waived in light of the  
need to inform public health outbreak control policies.

Table 1. Singapore Ministry of Health (MOH) case definition of 
multisystem inflammatory syndrome in children (MIS-C) (from MOH 
Circular 171/2021, 11 November 2021, reproduced with permission 
from MOH, Singapore).

Criteria for case definition of MIS-C (all 6 criteria must be met)

1.	 Age 0–19 years
2.	 Persistent high fever (>38.5°C) for ≥3 days
3.	 Signs of multisystem involvement (at least 2 systems below):

a.	 Cardiovascular (e.g. raised cardiac biomarkers, pericarditis, 
coronary abnormalities and ECG abnormalities)

b.	 Hypotension or shock
c.	 Gastrointestinal (e.g. diarrhoea, vomiting and  

abdominal pain)
d.	 Mucocutaneous features (e.g. rash, conjunctivitis, mucositis, 

and swollen hands or feet)
e.	 Neurological manifestations (e.g. headache, altered mental 

state and seizures)
f.	 Haematological (e.g. lymphopaenia, thrombocytopaenia  

and coagulopathy)
g.	 Respiratory (e.g. shortness of breath and tachypnoea)
h.	 Renal (e.g. markers of acute renal injury)

4.	 Elevated markers of inflammation (e.g. C-reactive protein, 
ferritin, procalcitonin and fibrinogen)

5.	 Other bacterial/viral causes are excluded
6.	 Evidence of current or recent COVID-19 infection  

(e.g. PCR-positive, serology-positive or -)

ECG: electrocardiogram; PCR: polymerase chain reaction

RESULTS
We identified 12 cases of MIS-C. The summary 
of findings of their clinical characteristics, disease  
course, treatment received and outcomes are presented 
in online Supplementary Materials, Supplementary 
Table S1, while the details of each case are in online 
Supplementary Table S2. The majority of the patients 
were male (n=8, 66.67%). The median age was 7.50 years  
(IQR 4.00–9.25). Five patients were of Malay ethnicity,  
4 were Chinese and 3 were Indians. Four patients  
(33.30%) had underlying chronic conditions—one 
with a history of cholesteatoma and recurrent middle 
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Other systems’ involvement was seen less frequently. 
Neurological involvement was seen in 5 patients  
(41.70%): 3 patients had headache, 1 patient with a 
background of epilepsy had breakthrough seizures 
occurring immediately prior to onset of fever, and 1 
patient had aseptic meningitis. Four patients (33.30%) 
had respiratory involvement, with 1 patient (case #2), 
requiring mechanical ventilation. His chest radiograph 
showed bilateral pleural effusions and consolidation, 
and no infection was detected to cause such presentation. 
Four patients (33.30%) had acute kidney injury with  
mild elevation of creatinine.

All patients had elevated C-reactive protein (CRP)  
and procalcitonin, with a median of 136.00mg/L 
(IQR 94.25–185.70) and 2.74μg/L (IQR 0.88–19.14), 
respectively. Ferritin and lactate dehydrogenase 
were significantly elevated in some patients (online 
Supplementary Tables S1 and S2).

All patients received intravenous (IV) antibiotics 
and were worked up for infectious causes. Case #5’s 
blood culture grew Staphylococcus aureus—while this 
was deemed likely a contaminant, IV antibiotics were 
continued for 1 week as he was on high-dose steroids. 
One patient was positive for rhinovirus/enterovirus; 2 
patients were positive for SARS-CoV-2 but were likely 
shedding their previous COVID-19 infection. Tests for 
Group A Streptococcus infection with anti-streptolysin 
O titer, typhoid and dengue fever were also done with  
no significant positive results. 

Both diagnosis of MIS-C and administration of  
treatment were done within a median of 2.00 days from 
admission (IQR 2.00–3.00) (online Supplementary  
Table S1). All patients received one dose of 2g/kg  
of intravenous immunoglobulin (IVIg). Eleven 
patients (91.70%) received steroids in the form of IV 
methylprednisolone with subsequent conversion to 
oral prednisolone (online Supplementary Tables S1 
and S2). Case #3 was not given steroids as the initial 
diagnosis was KD, and there was rapid improvement of 
fever and symptoms with IVIg alone. The initial dose 
of methylprednisolone varied from around 1.25mg/
kg/day (low dose) to 30mg/kg/day (high dose). High-
dose steroids were given for 3–5 days to all patients 
with shock, except for Case #6 as her haemodynamic  
status had rapidly stabilised after receiving low-dose 
steroids. Case #11 also received high-dose steroids  
due to persistently severe periorbital erythaema and 
swelling despite low-dose steroids. Case #2 received 
subcutaneous anakinra, an interleukin-1 inhibitor, as  
he was still hypotensive and febrile with rising CRP 
despite IVIg and high-dose steroids. All patients  
received aspirin as an antiplatelet medication. Two 

ear infections, one with epilepsy, one with recurrent  
wheezing and one with well-controlled asthma.

All patients had evidence of prior COVID-19 infection 
with a positive anti-N SARS-Cov-2 immunoglobulin G 
antibody (online Supplementary Table S1). Ten patients 
had history of confirmed COVID-19 infection with  
positive antigen rapid test or SARS-CoV-2 polymerase  
chain reaction (PCR). Two cases were close household 
contacts, but did not test positive during the acute  
infection—one had acute respiratory symptoms while 
the other was asymptomatic. Majority (n=11, 91.67%) 
had mild or asymptomatic infection. Two cases were 
hospitalised—one due to young age and one due to 
mild asthma exacerbation. The median interval between 
COVID-19 infection or exposure and the onset of  
MIS-C was 25.00 days (IQR 22.00–29.50). 

All patients had involvement of at least 3 systems  
(online Supplementary Tables S1 and S2). Mucocutaneous 
features of conjunctivitis and haematological abnormality 
with coagulopathy (raised D-dimer or prolonged clotting 
time) were present in all patients. Lymphopaenia was  
found in 11 cases (91.7%) with a median absolute 
lymphocyte count of 0.63 x 109 cells/L (IQR  
0.49–0.83). Thrombocytopaenia was present in 9 
cases (75.00%), with a median platelet of 101.50 x 109  
cells/L (IQR 90.50–143.25).

Cardiovascular involvement was the next most  
common (n=10, 83.30%) with abnormalities in 
echocardiogram or raised N-terminal pro-B-type  
natriuretic peptide (NT-proBNP) levels. The following 
abnormalities were seen in 8 out of 11 patients (72.70%)  
with inpatient echocardiograms: coronary artery 
abnormalities (n=3), dilated ventricles (n=3) and reduced 
cardiac function (n=4) (online Supplementary Tables  
S1 and S2). NT-proBNP level >500pg/mL was seen  
in 8 out of 10 patients (median 2558.50pg/mL, IQR 
1118.25–10779.50). Six patients (50%) had shock and  
were admitted to the intensive care unit (ICU). All  
received fluid boluses and 4 required inotropic support. 
Case #2 had the most severe presentation, requiring  
triple inotropic support for 5 days.

Gastrointestinal symptoms comprising abdominal pain, 
vomiting and/or diarrhoea were present in 9 patients 
(75.00%). None were suspected of having appendicitis.  
Case #2 was referred to the surgeons as his abdominal 
ultrasound showed small bowel thickening and suspicion 
of intramural air. He was treated for enterocolitis, with 
bowel rest and antibiotics. Case #4 was diagnosed 
with mild pancreatitis, with mildly elevated amylase  
(maximum 216 U/L, normal 28–112 U/L). Among 5  
patients who had abdominal ultrasonography, 3 had 
gallbladder wall thickening and 1 had hydrops. 
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patients received clopidogrel instead of aspirin when  
their liver transaminases were elevated. Six patients  
(50%) received enoxaparin as antithrombotic  
prophylaxis (online Supplementary Tables S1 and S2). 

Once treatment was initiated, there was rapid response 
in terms of fever, with a median time of 2.00 days  
(IQR 2.00–2.00) to defervescence (temperature <38°C 
for at least 24 hours). For patients admitted to ICU,  
their median stay was 3.00 days (IQR 3.00–3.00). 
In the case of Case #2, he weaned off inotropes and  
extubated after 3 days since the addition of anakinra.

All patients survived and were discharged after a  
median hospital stay of 6.00 days (IQR 5.00–7.50).  
They were followed up by various subspecialties and  
are at least 6 months post-discharge at the time of  
writing. Case #11 was lost to follow-up after 16 days  
post-discharge. None were readmitted for recurrence of 
MIS-C. The median time to documented normalisation 
of CRP was 16.50 days (1QR 14.00–18.00) from 
onset of MIS-C and 12.50 days (IQR 10.75–14.25) 
from admission. Oral steroid was weaned once CRP  
normalised. The median total duration of steroids  
(including IV) was 42.00 days (IQR 26.00–49.50). 
Antiplatelet was continued for at least 6–8 weeks, or 
until echocardiograms were normal, whichever was 
later. The median duration of antiplatelet treatment is 
52.50 days (IQR 48.50–60.00) as of writing, with case 
#5 still on aspirin as of 8 months post-discharge for  
his coronary artery dilation. Antithrombotic prophylaxis 
with enoxaparin was continued until D-dimer levels 
normalised or at <5 times the upper normal limit.  
The median duration of enoxaparin was 17 days (IQR 
8.50–20.25). Case #8, who had elevated D-dimer 
levels as his prothrombotic risk factor and was on  
enoxaparin, was readmitted 1 day after discharge for 
haematochezia. His anti-factor Xa level was within 
prophylactic range and he had no other risk factors 
for bleeding. Enoxaparin was stopped as his D-dimers  
had normalised.

Outpatient echocardiograms were performed for 
all patients between day 16 and day 286 post-MIS-C  
onset. Eleven patients had inpatient echocardiograms 
available for comparison—8 were abnormal with 7 
subsequently having a normal outpatient scan, while  
the other 3 had normal findings during acute illness  
and on follow-up. Case #3 only had an outpatient 
echocardiogram, which was found to be normal. Among  
the 8 patients with inpatient abnormal scans, all but 1 
(case #5) had a subsequent normal scan by 6 months 
post-discharge, with a median time of 16.50 days (IQR 
14.00–44.50) for the resolution of any echocardiogram 

abnormality from MIS-C onset (online Supplementary 
Tables S1 and S2). Median time to resolution from  
MIS-C onset for the 4 cases with reduced cardiac  
function and 3 cases with coronary artery abnormalities 
detected inpatient was 14 days (IQR 13.00–14.75)  
and 42 days (IQR 28–72), respectively. In 2 patients  
(cases #5 and #8), new coronary arterial dilation was 
detected in outpatient scans (on day 50 and day 22 of 
illness, respectively). This finding resolved by day 52  
for case #8 while it was still detected in case #5 on  
day 218 (online Supplementary Table S2).

For other systems, by the last outpatient review at  
16–286 days post-onset of MIS-C, most patients  
reported no significant residual abnormalities during  
their outpatient visits. One patient was readmitted 4 
months later for chronic fatigue, body aches and low 
mood, and was diagnosed to have adjustment disorder 
on a background of social issues. 

DISCUSSION
Since 2020, KKH implemented a surrogate surveillance 
of MIS-C through the monitoring of KD incidence  
during the pandemic. We found no increase in KD  
incidence and admissions to the ICU due to KD in 
2020 compared to the years before the COVID-19  
pandemic.14,15 The earlier absence of MIS-C in  
Singapore was possibly due to the lower COVID-19 
incidence in children in 2020, with much fewer  
children infected compared to the rest of the  
population.16 For the whole of 2020, only 265 children 
(aged 0–18 years) were infected (unpublished data from 
MOH, cited with permission from MOH, Singapore). 
In stark contrast to the earlier absence of MIS-C, the  
12 cases in this report were diagnosed in a span of 9 
weeks after October 2021, following the peak of the 
Delta wave, which saw more than 20,000 children  
(aged 0–18 years) infected with COVID-19 from 
September to December 2021 alone (unpublished 
data from MOH, cited with permission from MOH,  
Singapore). Leow et al. published one case of MIS-C 
diagnosed in the National University Hospital, Singapore 
in 2021.11 On 6 November 2021, MIS-C was reported 
to have occurred in 4 out of the over 8,000 paediatric 
COVID-19 patients in Singapore since the start of 
the pandemic;17 in the US, the reported incidence was 
31.6 per 100,000 COVID-19 cases for persons <21 
years.18 As the incidence of MIS-C reflects the level 
of COVID-19 transmission in the community, the  
arrival of the highly transmissible Omicron variant19  

in Singapore, and the move towards treating COVID-19 as 
an endemic virus may lead to a rise in MIS-C incidence.
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In terms of clinical presentation, our results highlight  
the similarities and differences between MIS-C and KD  
described in prior reviews. The median age of our  
patients at 7.5 years is on the lower end of the reported  
range (7.3–10.8 years old) for MIS-C,20-23 but older 
compared to the reported range for KD, which 
predominantly affects children aged <5 years.3 The  
male predominance (66.67%) noted in our series  
has also been previously reported.20,22,23 Race may 
be a risk factor as high incidence of MIS-C has been  
observed to occur in children of African, Hispanic 
or South Asian origin.20,22,23 Racial proportion of  
COVID-19 infection rates alone could not account  
for the racial disparities observed in MIS-C incidence, 
suggesting a role for biological as well as social 
determinants in increasing inflammation and risk  
of more severe outcomes.24 Our patients belonged to  
the 3 most common races in Singapore.25 However, our 
sample size is not large enough to draw conclusions on 
any racial predisposition. 

Common clinical features of MIS-C seen in our  
patients were mucocutaneous signs similar to KD, 
gastrointestinal involvement and shock. The latter 2 
are known to be less frequent in KD.20-23 Coagulopathy 
also has been frequently reported in MIS-C,26 and 
thrombocytopaenia and lymphopaenia are more  
common in MIS-C22,23 compared to KD.3 Involvement 
of other systems such as neurological or respiratory  
system is less frequently reported in MIS-C.20-23 Our  
case series also confirms the high morbidity of MIS-C 
with a high proportion requiring ICU care, 22,23,27,28  

although mortality is low (≤2%).22,23,28,29

Our findings support the continued concern for MIS-C 
highlighted by MOH in its Circular No. 171/2021 to 
doctors (cited with permission from MOH, Singapore), 
with advice to suspect MIS-C in children with possible 
KD and consistent features of MIS-C, both within 2–8 
weeks of confirmed COVID-19 infection. All our cases 
provided a history of diagnosed COVID-19 infection, 
and MIS-C occurred within a median of 25 days from  
the infection. However, as COVID-19 becomes  
endemic in Singapore, prior COVID-19 infection may 
not be readily apparent from history alone, which makes 
performing serology important to uncover previously 
undiagnosed COVID-19 infection.

The management of MIS-C in our institution involves 
multidisciplinary care according to guidelines jointly 
formulated by the paediatric intensive care units of  
KKH and National University Hospital, Singapore  
(Fig. 1). Prompt treatment of MIS-C with both IVIg 

and steroids are our first-line therapy, with high-dose 
steroids given to those with shock or end-organ disease. 
This is in contrast to KD where steroids are used only 
in recalcitrant cases.3 As such, the proportion of our 
steroid use (91.7%) is higher compared to previous 
reviews (range 49–63%).20-23,27 The American College  
of Rheumatology (ACR) recommends a stepwise  
approach in the immunomodulatory treatment of  
MIS-C, with IVIg and low-to-moderate-dose of  
steroids to be used in hospitalised patients.30  
Observational studies have shown that initial treatment 
with IVIg plus steroids was associated with a more 
favourable fever course and less risk of cardiac  
dysfunction compared to IVIg alone,31,32 while timely 
administration of anti-inflammatories may prevent 
progression and need for admission to ICU.33 The use  
of anakinra is recommended by ACR in cases with 
refractory MIS-C despite IVIg and steroids.30 Such  
cases are less common 21-23,27 with only 1 case in our  
series requiring this. Variations in treatment highlight  
the ongoing uncertainty about the ideal treatment  
strategy for MIS-C given the spectrum of severity. 
Randomised clinical trials are currently underway.34

Antiplatelet and antithrombotic prophylaxis are also  
part of our management as MIS-C causes a prothrombotic 
state.35 For the management of antiplatelet prophylaxis, 
aspirin is recommended by ACR to be given to  
hospitalised MIS-C patients30 and prior reviews report  
i ts  common use.21-23 For the management of  
antithrombotic prophylaxis, patients were first assessed 
for prothrombotic risk factors, such as age >12 
years, immobility, high body mass index, mechanical  
ventilation, and D-dimer levels ≥5 times the upper  
limit of normal, prior to initiation of enoxaparin.36  

While bleeding due to antithrombotic prophylaxis in 
MIS-C is not common, 35,37 this was seen in one of  
our patients and is an adverse outcome that needs to  
be monitored. 

With the current management strategy, the outcomes  
in our series have been favourable with a lower ICU 
admission rate (50% versus reported range of 60–
79%)22,23,28 and a comparable hospitalisation duration 
(median 6 days vs reported range 7–11 days),22,27,29 
compared to those reported. Our patients also had 
good cardiac outcomes, with all cases of reduced 
cardiac function subsequently normalised. Long-term 
cardiac sequelae seen in echocardiograms were also  
uncommon, as observed in only 1 patient, in keeping  
with previous reports.27,29 Early diagnosis and  
administration of treatment likely contributed to the 
positive outcomes of our patients. 
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Fig. 1. Paediatric intensive care unit guidelines for multisystem inflammatory syndrome in children (MIS-C) of KK Women’s and  
Children’s Hospital (KKH) and National University Hospital (NUH), Singapore (published with permission from KKH and NUH),
GI: gastrointestinal; ICU: intensive care unit; IVIg: intravenous immunoglobulin; KD: Kawasaki disease; PPI: proton pump inhibitor;  
VTE: venous thromboembolic

More commonly reported long-term sequelae of  
MIS-C are symptoms of muscular fatigue, neurological 
sequelae, anxiety and emotional lability.27 While this  
was seen in one of our patients, there may be  
underdiagnosis as we relied on self-reporting for such 
symptoms.

An important strategy to mitigate the risk of MIS-C  
is vaccination against COVID-19, which has been  
shown to be associated with a lower incidence of  
MIS-C in adolescents.38 In the US, as of 31 October  
2022, 46.2% and 25.2% out of 9,073 MIS-C cases  
reported to the Centers for Disease Control and  
Prevention occurred in children 5–11 years old and  
<1–4 years old, respectively,39 underlining the  
importance of vaccinating these age groups as well. At 
the time of their infection, none of our patients were 
age-eligible for vaccination—11 would have been 
eligible based on current MOH recommendations, with 
the recent inclusion for children aged 6 months to 4 
years.40 Unvaccinated children remain at a higher risk  
for COVID-19 and consequent risk for MIS-C. 

Our study is limited in that it is a retrospective, single-
centre study with a small sample size. Nonetheless,  
KKH is the largest tertiary paediatric hospital in  
Singapore and would have likely received the 
majority of MIS-C cases. Timings for evaluation of  

inflammatory markers and echocardiograms were not 
standardised, and it is possible that values and scans 
normalised earlier than detected. We also did not  
actively survey for other system outcomes, such as 
neurological and respiratory symptoms. Despite these 
limitations, to our knowledge, our study is the first  
series on MIS-C in Singapore and East Asia, with  
outcome data up to 6 months post-discharge.

CONCLUSION
Our study shows that children in Singapore are  
vulnerable to developing MIS-C especially during 
widespread community transmission of COVID-19, 
which may intensify with the arrival of new VOCs and 
relaxation of pandemic restrictions. Physicians should 
suspect MIS-C in febrile children with features of  
KD, and in children with recent COVID-19 infection 
together with gastrointestinal symptoms, shock, 
and haematologic abnormalities of coagulopathy, 
lymphopaenia and thrombocytopaenia to diagnose  
MIS-C early and initiate prompt treatment with IVIg  
and steroids. The impact of the current Omicron  
surge on MIS-C incidence, and short- and long-term 
outcomes including side effects of treatment and non-
cardiac sequelae, warrants continued surveillance and 
future studies.
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ORIGINAL ARTICLE

ABSTRACT 
Introduction: Drug allergies are often self-reported but of unknown accuracy. We carried out a prospective 
study to examine the utility and safety of formal allergology evaluation, and to identify factors associated 
with accurate drug allergy labels.  
Method: All patients who underwent drug allergy evaluation in our clinic during the study period were 
recruited. Baseline demographics, characteristics of index hypersensitivity reaction and outcomes of 
evaluation were recorded.  
Results: A total of 331 patients from March 2019 to June 2021 completed drug allergy evaluation to 
index drugs of concern. There were 123 (37%) male patients, and the mean age was 49 years (standard  
deviation 17). There were 170 beta-lactam antibiotics, 53 peri-operative drugs, 43 others, 38 non-
steroidal anti-inflammatory drugs, and 27 non-beta-lactam antibiotic evaluations. Index reaction occurred  
within 5 years in 165 (50%) patients, with latency of less than 4 hours in 125 (38%) patients. The 
most common index reactions were rash, angioedema and urticaria. There were 57 (17%) evaluations  
stratified as low risk, 222 (67%) moderate risk, and 52 (16%) high risk based on multidisciplinary  
consensus. Allergy label was found to be false (negative drug evaluation) in 248 (75%) patients, while  
16/237 (7%) skin tests, 44/331 (13%) in-clinic graded challenge, and 23/134 (17%) home prolonged 
challenges were positive (true drug allergy). The most common evaluation reactions were rash and  
urticaria. No cases of anaphylaxis were elicited.   
Conclusion: Seventy-five percent of drug allergy labels are inaccurate. Risk-stratified, protocolised  
allergy evaluation is safe. Prolonged drug challenge increases the sensitivity of drug allergy evaluation  
and should therefore be performed when indicated.  
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Keywords: Drug allergy, drug hypersensitivity, graded challenge, prolonged drug provocation, skin testing
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INTRODUCTION
Self-reported drug allergies1 are common, and the  
majority of these have been shown to be inaccurate. 
Recording of drug allergy details is also often incomplete 
and inaccurate.2 Consequences of inaccurate drug 
labelling include unnecessary avoidance of effective 
medications, restricted access to appropriate antibiotics, 
impact on antimicrobial stewardship, and public health 
consequences of health economics and utilisation.  
Beta-lactam allergy labelling results in the use of 

broad-spectrum antimicrobials that are more costly  
and potentially less effective, as well as increase the  
rates of antimicrobial resistance and susceptibility to 
Clostridium difficile infection.3-6 

Various interventions have been proposed to address 
these issues. Measures include: (1) access to formal 
allergological evaluation; (2) reducing inappropriate  
drug allergy labelling through physician- and  
pharmacist-led multidisciplinary teams;6-9 and (3) 
point of care direct challenge to penicillin. Formal  
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CLINICAL IMPACT

What is New

•	 Seventy-five percent of drug allergy labels in 
an outpatient allergy clinic were found to be 
inaccurate on evaluation. 

•	 Prolonged drug provocation increases the 
sensitivity of drug allergy evaluation and should 
be considered where appropriate.

•	 A stepwise relationship between pre-evaluation 
risk prognostication and the likelihood of 
accurate drug allergy labelling was observed. 

Clinical Implications

•	 Prolonged drug provocation should be 
considered if the latency of reaction is delayed  
or unknown.

•	 A formal risk prognostication framework should 
be adopted.

•	 Drug allergy evaluation is safe, improves 
therapeutic options, and has important  
public health consequences.

allergological evaluation of drug allergies includes 
skin tests, patch tests and graded drug challenges in 
monitored settings.10-14 Controlled drug provocation 
testing to penicillin has been successful in 70.9 to  
94.4% of patients15,16 and alternative drug challenges 
can also be performed to increase therapeutic options. 
Although a significant number of drug allergy labels  
can be removed upon evaluation, the clinical or  
historical factors associated with a true drug allergy 
remain unclear. 

The primary aim of our study was to examine the  
outcomes and safety of allergological evaluation of drug 
allergies in Singapore General Hospital. Our secondary 
aim was to determine if there are underlying factors  
that can predict accurate drug allergy labels.  

METHOD
Over the period of March 2019 to June 2021, all patients 
above 18 years old who attended the Singapore General 
Hospital’s Allergy Centre for drug allergy evaluation 
were recruited into a prospective observational study. 
In general, all patients underwent, if appropriate, skin  
testing consisting of skin prick test and intra-dermal  
testing as per published protocols according to drug 
classes.13,17,18 Specific immunoglobulins for beta-lactam 
allergy were determined via ImmunoCAP whole  

allergens testing (ThermoFisher Scientific Inc, Waltham, 
US). For reactions that are delayed or of unknown  
latency, additional patch tests and delayed intra-dermal 
reading were also performed. If skin tests are negative  
or unnecessary as per protocol, patients will proceed  
on to an in-clinic graded challenge under supervision. In 
patients with delayed/unknown reactions, an additional 
step of prolonged drug provocation (at home) of 5 
days’ duration was instituted. Prior history of severe  
cutaneous adverse drug reactions and pregnancy were 
contraindicated from any drug testing in our centre. 

For certain drugs such as non-steroidal anti- 
inflammatory drug (NSAID) hypersensitivity, patients  
were offered either evaluation to index NSAIDs, or 
alternative evaluation to cyclooxygenase-II inhibitors  
such as etoricoxib. Shared decision-making was  
undertaken based on physician and patient preferences. 

Prior to evaluation, all patients were risk-stratified  
during a multidisciplinary meeting consisting of specialty 
doctors, nurses and pharmacists. Patient stratification was 
based on consensus and a composite of clinical factors: 
(1) likelihood of reaction in terms of symptoms, latency, 
prior reactions and re-exposure post-event; (2) severity  
of reaction e.g. systemic reactions versus cutaneous;  
(3) age and underlying comorbidities; and (4) evaluation  
of responses to index drug versus alternative drug.  
High-risk patients were assigned to receive continuous 
monitoring, in the visual sight of nurses, and had  
intravenous access secured prior to the commencement 
of evaluation. Moderate- and low-risk patients received 
standard monitoring every 30 minutes during evaluation. 
In addition, for certain high-risk patients such as those 
with a reported history of anaphylaxis, the initial starting 
concentration of skin tests was reduced. 

Upon completion of skin testing and/or graded  
challenge, all patients were observed for one hour before 
discharge. In patients who had unclear/or delayed latency 
to the original reaction, an additional 5-day course of  
the index drug was prescribed for home administration. 
Post-evaluation monitoring was also carried out via a 
3-pronged method: (1) nurse-led telephone calls one day 
after clinical evaluation and an additional call on day  
3 for those requiring prolonged 5-day drug challenge;  
(2) direct access to clinics via telephone hotlines and 
dedicated emails; and (3) same-day clinic review if  
required. All patients who reported symptoms were  
reviewed either in person or via video/phone consult.  
Non-specific itch in the absence of other clinical signs  
was not regarded as a positive evaluation.

Baseline information such as patient demographics, 
comorbidities,  number of drug allergies and  
characteristics of index hypersensitivity reaction was 
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4 hours in 94 (28%), and unknown in 112 (34%). The 
most common index reactions were rash (133, 40%), 
angioedema (85, 26%) and urticaria (57, 17%). Systemic 
reactions were less common: anaphylaxis (28, 9%),  
isolated respiratory symptoms, e.g. breathlessness, 
wheezing, globus sensation, chest tightness (27, 8%)  
and hypotension (13, 4%). Other baseline demographics 
and characteristics of index hypersensitivity reactions 
(Table 1) showed that 57 patients (17%) were stratified 
as low risk, 222 (67%) as moderate risk, and 52 (16%) 
as high risk. 

Among the allergy evaluations to the index drug, 248 
patients (75%) who did not develop reactions during 
drug provocation were deemed to have negative drug 
evaluations (false drug allergy labels). Eighty-three  
(25%) who developed reactions either on skin testing 
or drug provocation were verified to have positive drug 
evaluation (true drug allergy label).  

Out of the 331 drug evaluations performed, the 
proportions of positive drug evaluation (true drug  
allergy label) according to drug class are as follows:  
56/170 (33%) beta-lactam antibiotics, 13/38 (34%) 
NSAIDs, 6/43 (14%) others, 5/53 (9%) peri-operative 
drugs, and 3/27 (11%) non-beta-lactam antibiotics  
(Table 2). Within the beta-lactam antibiotic class of  
170, 56 patients (33%) had positive drug evaluations  
(true drug allergy labels), 1 (0.6%) developed reactions 

recorded. Evaluation outcomes including hypersensitivity 
reactions, treatment administered and disposition were  
also recorded. Safety of allergy evaluation was  
measured based on the number of anaphylaxis and  
systemic episodes as well as resuscitation events, 
unscheduled emergency department visits and hospital 
admissions. 

Our primary aim was to determine the outcomes and 
risks of drug allergy testing. The secondary aim was 
to determine any clinical factors that were predictive 
of a true drug allergy. Analysis was restricted to 
drug evaluations performed on the index drug, as the  
evaluation to alternative drugs is safer and does not  
carry the same risks or outcomes. Similarly, without  
allergy testing and direct provocation to the labelled  
drug, a drug allergy cannot be verified.  

Statistical analysis was performed using SPSS 
version 26. Chi-square tests were performed for 
qualitative variables, student T-tests were undertaken for  
quantitative variables, and 1-way analysis of variance  
tests was used for interval variables. P values were  
double-sided with P<0.05 taken as statistically  
significant. Ethical approval was obtained from our 
institution’s research board (Singhealth Centralised 
Institutional Review Board, IRB number 2018/2877).

RESULTS
A total of 482 patients were enrolled in our study from 
March 2019 to June 2021. Of these, 370 were tested for  
the index drug while 112 were tested for alternative 
agents. Of those evaluated for the index drug allergy, 
331 completed full drug evaluations that included drug 
provocation and were included for analysis. The rest 
with incomplete evaluation or non-definitive results  
were excluded. The patient allocation is summarised  
in Fig. 1. 

The mean age of the studied cohort who underwent  
full drug allergy evaluation (n=331) was 49 years  
(standard deviation 17) and 123 (37%) were males.  
Among the patients, 159 (48%) had 0–2 drug allergy 
labels, 87 (26%) had 3–4 labels, and 85 (26%) had 5  
or more existing drug allergy labels at baseline.  
Beta-lactam antibiotics were the most common drug  
class evaluated (170/331, 51%), followed by peri- 
operative drugs (53/331, 16%) and NSAIDs (38/331, 
12%) (Table 1).

Time from index reaction to evaluation was less  
than 6 months in 40 patients (12%), 6–12 months in  
49 (15%), 1–5 years in 76 (23%), 5–10 years in  
25 (8%), more than 10 years in 102 (31%), and  
unknown in 39 (12%). The latency of the reaction was  
less than 4 hours in 125 patients (38%), more than  

Fig. 1. Study allocation.
NSAIDs: non-steroidal anti-inflammatory drugs
a 39 patients were excluded as the evaluation was incomplete or inconclusive
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Table 1. Baseline demographics of patients undergoing evaluation to index drug 

Total number of 
evaluations (n=331)

No. (%)

Negative drug 
evaluation (false drug 
allergy label) (n=248)

No. (%)

Positive drug 
evaluation (true drug 
allergy label) (n=83)

No. (%)

P value 

Age, mean (SD), years 49 (17) 49 (17) 49 (15) 0.87

Sex, male 123 (37) 102 (41) 21 (25) 0.01

Sex, female 208 (63) 146 (59) 62 (75)

Comorbidities

Angioedema-urticaria 16 (5) 12 (5) 4 (5) 0.99

Atopic dermatitis 16 (5) 10 (4) 6 (7) 0.24

Cardiaca 128 (39) 89 (36) 39 (47) 0.07

Respiratoryb 42 (13) 33 (13) 9 (11) 0.56

No. of pre-existing drug allergies 0.70

0–2 159 (48) 119 (48) 40 (48)

3–4 87 (26) 68 (27) 19 (23)

≥5 85 (26) 61 (25) 24 (29)

Class of drug evaluated <0.01

Beta-lactam antibiotics 170 (51) 114 (46) 56 (68)

Peri-operative drugs 53 (16) 48 (19) 5 (6)

NSAIDs 38 (12) 25 (10) 13 (16)

Non-beta-lactam antibioticsc 27 (8) 24 (10) 3 (4)

Othersd 43 (13) 37 (15) 6 (7)

Time from reaction to evaluation 0.85

<6 months 40 (12) 32 (13) 8 (10)

6–12 months 49 (15) 35 (14) 14 (17)

1–5 years 76 (23) 53 (21) 23 (28)

5–10 years  25 (8) 20 (8) 5 (6)

>10 years 102 (31) 80 (32) 22 (27)

Unknown 39 (12) 28 (11) 11 (13)

Latency 0.19

<4 hours 125 (38) 89 (36) 35 (43)

>4 hours 94 (28) 71 (29) 23 (28)

Unknown 112 (34) 88 (35) 24 (29)

Type of index reaction

Rash not otherwise specified 133 (40) 99 (40) 34 (41) 0.87

Angioedema 85 (26) 58 (23) 27 (33) 0.10

Urticaria 57 (17) 42 (17) 15 (18) 0.81

Itch 48 (15) 35 (14) 13 (16) 0.73
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on the skin prick test, 9 (5%) on the intra-dermal test,  
and 25 (15%) during the in-clinic graded challenge. 
Prolonged drug challenge was deemed necessary in 102 
patients, and 21 of these (21%) developed reactions  
during the home prolonged challenge. Within the 
peri-operative drugs, 5/53 patients (9%) had positive 
drug evaluations (true drug allergy labels), 3/53 (6%)  
reacted during the intra-dermal test, and 2/53 (4%) 
reacted during the in-clinic graded challenge. Within  
the NSAID class, 13/38 patients (34%) had positive  
drug evaluations (true drug allergy labels), while 12/38 
(32%) developed reactions following in-clinic graded 
challenge, and 1/3 (33%) developed reactions following 
prolonged drug challenge. For patients who were  
evaluated to non-beta-lactam antibiotics, 3/27 (11%)  
had positive drug evaluations (true drug allergy labels), 
2/27 (7%) reacted during the in-clinic graded challenge 
and 1/18 (6%) developed reactions during home  
prolonged evaluation. 

Positive drug evaluations by step of evaluation  
occurred as follows: 16/237 (7%) skin tests, 44/331  
(13%) in-clinic graded challenge, and 23/134 (17%) 
prolonged home challenge. Among the patients who 
developed reactions during their 5-day home prolonged 

challenge, 2 developed reactions on day 1; 5 each on  
day 2 and 3; 1 on day 4; 2 on day 5; and 6 on day 6  
(Table 2). 

The most common elicited reactions during both  
in-clinic graded challenge and home prolonged  
evaluations in the 83 patients were 26 unspecified  
rashes (31%) (13 during the in-clinic graded challenge 
and 13 during home prolonged evaluation) and 
21 urticaria (26%) (18 during the in-clinic graded  
challenge and 3 during home prolonged evaluation)  
(Table 3). Two patients developed systemic reactions 
requiring admission. There were no anaphylactic  
reactions observed during the evaluation.

For those who developed reactions on testing, 40/83 
patients (48%) (27 during the in-clinic graded challenge 
and 13 during home prolonged evaluation) required 
antihistamines for their hypersensitivity reactions;  
39/83 (47%) (29 during the in-clinic graded challenge 
and 10 during the home prolonged challenge) did  
not require any treatment. Nine out of 83 patients (11%) 
(7 during in-clinic graded challenge and 2 during home 
prolonged evaluation) required intravenous or oral 
corticosteroids (Table 3). Nine (11%) who developed 
reactions during home prolonged evaluation required  

Table 1. Baseline demographics of patients undergoing evaluation to index drug (Cont’d)

Total number of 
evaluations (n=331)

No. (%)

Negative drug 
evaluation (false drug 
allergy label) (n=248)

No. (%)

Positive drug 
evaluation (true drug 
allergy label) (n=83)

No. (%)

P value 

Anaphylaxis 28 (9) 22 (9) 6 (7) 0.64

Unknown 30 (9) 21 (9) 9 (11) 0.51

Respiratorye 27 (8) 21 (9) 6 (7) 0.72

Isolated hypotension 13 (4) 9 (4) 4 (5) 0.63

Othersf 33 (10) 26 (11) 7 (8) 0.59

Pre-evaluation risk stratification <0.01

Low 57 (17) 50 (20) 7 (8)

Moderate 222 (67) 172 (69) 50 (60)

High 52 (16) 26 (11) 26 (31)

NSAIDs: non-steroidal anti-inflammatory drugs; SD: standard deviation
a Cardiac comorbidities including hypertension, hyperlipidaemia, ischaemic heart disease. 
b Respiratory comorbidities including asthma, allergic rhinitis. 
c Non-beta-lactam antibiotics: macrolides = 9, fluoroquinolones = 9, metronidazole = 7, vancomycin = 1, tetracycline = 1.
d Other drugs evaluated: proton pump inhibitors = 8; opioids = 7; anti-emetics = 5; corticosteroids = 3; anti-hypertensives, anti-platelet, mecobalamin/

cyanobalamin, statins, antihistamines = 2 each; anti-tussives, allopurinol, somatotropin, anti-spasmodic, insulin, mesalazine, colchicine, levodopa-
benserazide, diuretic, erythropoietin = 1 each. 

e Respiratory reactions including breathlessness, wheezing, globus sensation, chest tightness. 
f Other index reactions: gastrointestinal = 9; fixed drug eruption or blisters = 3; erythema or flushing, rhinorrhoea/lacrimation/chemosis, syncope = 3 each; 

myoclonic jerks, giddiness, palpitations, fever/chills = 2 each; lethargy, diaphoresis, paraesthesia, pain, family history of allergy = 1 each. 
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early clinic reviews. Two (2%) required inpatient  
admission after in-clinic graded challenge for closer 
monitoring. The first patient developed angioedema, 
breathlessness and globus sensation after ibuprofen 
evaluation. He received oral and systemic anti- 
histamines, and oral corticosteroids in the clinic,  
and was admitted for airway monitoring as he had  
morbid obesity. He remained well inpatient. The second 
patient developed acute generalised exanthematous 
pustulosis after systemic penicillin evaluation for 
an unknown childhood reaction. She was admitted 
for monitoring and systemic corticosteroids, and 
improved inpatient with treatment. There were no cases 
of unscheduled emergency department attendances 
for post-challenge reactions. Seven out of 57 (12%)  
low-risk patients, 50/222 (23%) moderate-risk patients, 
and 26/52 (50%) high-risk patients were proven to have 
true allergy labels (P<0.01) (Fig. 2).

Secondary analysis showed that sex (P=0.01), class 
of drug evaluated (P<0.01), and pre-evaluation risk 
prognostication (P<0.01) were significant for the  
outcome of evaluation (P<0.01). 

All other baseline demographics, atopic comorbidity, 
clinical characteristics of index reaction, and time  
to evaluation were not predictive of true drug allergy 
(Table 1). 

DISCUSSION
Our study has shown that the majority of drug allergy 
labels are inaccurate. With formal allergological 
evaluations, more than 75% of drug allergy labels can  
be safely removed. In addition, we have demonstrated  
the utility of prolonged drug challenges in allergy 
evaluation, particularly in individuals with non- 
immediate reactions or reactions with unknown latency. 
Protocolised, supervised drug allergy testing is safe with 
rare systemic reactions (2/331, 0.6%) and no anaphylaxis 
is reported in our test cohort of 482 patients. 

In our cohort, 83/331 (25%) were verified to have 
true drug hypersensitivity following systematic drug 
allergy evaluation. Positive results (true drug allergy) 
were seen in 16/237 (7%) skin tests, 44/331 (13%) 
in-clinic graded challenges, and 23/134 (17%) home 
prolonged challenges. These findings validated the  
utility of a stepwise protocolised approach to drug  
allergy validation. Firstly, such an approach allowed  
the removal of allergy labels in most patients. Secondly, 
7% of skin testing (consisting of skin prick tests 
and intra-dermal testing) was positive and patients 
avoided the need and risks associated with direct oral  
provocation. Although direct drug provocation has  
been recommended as an alternative approach,  
particularly in low-risk patients and in settings where 

Fig. 2. Pre-evaluation physician risk prognostication and accuracy of allergy labels. A stepwise relationship was found  
between pre-test risk and the accuracy of drug allergy labels. 7/57 (12%) low-risk, 50/222 (23%) moderate-risk, and  
26/52 (50%) high-risk patients were proven to have true allergy labels (P<0.01).
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Table 2. Outcomes of drug allergy evaluation

Drug class (n=331)
No. (%)

Negative drug 
evaluation  
(false drug

allergy label) 
(n=248)
No. (%)

Positive drug 
evaluation (true 

drug allergy label) 
(n=83)

No. (%)

Number of positive evaluationsa

Skin testing In-clinic graded 
challenge 
(n=331)
No. (%)b

Home prolonged 
evaluation 

(n=134)
No. (%)b Skin 

prick test 
(n=237)
No. (%)b

Intra- 
dermal test 

(n=237)
No. (%)b

Beta-lactam antibiotics
170 (51)

114 (46) 56 (68) 
1/170 (0.4) 9/170 (4) 25/170 (8) 21/102 (16)c

Peri-operative drugs
53 (16)

48 (19) 5 (6)
0/53 (0) 3/53 (1) 2/53 (0.6) 0

NSAIDs
38 (12)

25 (10) 13 (16)
0 0 12/38 (4) 1/3 (0.7)d 

Non-beta-lactam antibiotics
27 (8)

24 (10) 3 (4)
0/3 (0) 0/3 (0) 2/27 (0.6) 1/18 (0.7)e

Others
43 (13)

37 (15) 6 (7)
0/11 (0) 3/11 (1) 3/43 (0.9) 0/11 (0)

Total 248 (100) 83 (100) 1 (0.4) 15 (6) 44 (13) 23 (17)

NSAIDs: non-steroidal anti-inflammatory drugs
a Number of positive evaluations out of total number of evaluations done per drug class. 
b Percentage calculated using denominator of total number of evaluations performed across all drug classes (column percentage). 
c Among the 21 reactions that occurred in beta-lactam antibiotics prolonged evaluations, 2 occurred on day 1, 5 on day 2, 5 on day 3, 1 on day 4, 2 on 
day 5, and 6 on day 6. 

d Delayed reaction occurred on day 2. 
e Delayed reaction occurred on day 3.

allergology service is not readily available,19,20 such an 
approach, obviating prior skin testing, may be risky. 
Thirdly, prolonged drug challenges increased the 
sensitivity of drug allergy evaluation.

Although prolonged drug provocation has been 
advocated to increase the sensitivity of drug allergy 
evaluation, particularly in non-immediate reactions21 
occurring in adults, it is not uniformly adopted. If  
the prolonged challenge were omitted, up to 23/83  
(28%) of patients with true drug allergies would have 
been missed and their drug allergy labels erroneously 
removed based on our findings. Similar findings have  
also been reported by Hjortlund et al.—10 out of 291 
patients had positive single-dose challenges, but a  
further 23 patients went on to develop positive  
evaluations on 7-day challenges.16 Fransson et al. 
found that in direct drug allergy provocation of patients  
without prior skin testing, 11% of the study population 
(n=1,913) had positive challenges: 20% of these  
positive provocations were positive on the first dose, 
whereas 45% were positive more than 3 days later, 
reinforcing the need for prolonged challenges. The 
rationale behind prolonged drug challenge lies in the 
fact that drug hypersensitivity reactions consist of 
both immediate and non-immediate reactions (such as 

drug exanthems), with the latter requiring prolonged  
exposure to a drug before the allergic reaction occurs. 
Similarly, a longer exposure to the culprit drug may be 
required to elicit the allergic response in drug allergy 
evaluation.

A secondary analysis was performed to determine  
any underlying demographics, clinical history or other 
factors that could predict true drug allergy labels.  
Subjects who were female (P=0.01) or who had  
beta-lactam evaluation (P<0.01) were more likely to  
have true drug allergy labels. Factors such as age, 
comorbidities, number of drug allergies, clinical 
presentation, latency and time to evaluation were not 
found to be significant (P>0.05). Similar conclusions  
were reached in a French study, which was unable to 
derive a predictive model based on allergist-collected 
history.23 These findings reinforce the inaccuracy of  
drug allergy history and behove the need for a formal 
drug allergy evaluation.

In our centre, a multidisciplinary meeting between 
physicians, pharmacists and nurses is convened prior 
to actual drug allergy evaluation sessions. This allows 
for discussions on the suitability for evaluation based 
on patients’ comorbidities, assigning the appropriate 
challenge protocol as well as risk prognostication. Risk 
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prognostication is essential for patient counselling, 
appropriate monitoring as well as allocation of  
manpower and resources. In addition, there was also  
a stepwise relationship between the pre-test risk and  
the likelihood of true drug allergy. Seven (12%)  
low-risk patients, 50 (23%) moderate-risk patients,  
and 26 (50%) high-risk patients were proven to have  
true allergy labels (P<0.01). In a risk-stratified,  
protocolised setting, drug allergy evaluation is safe.24,25 

There were no cases of anaphylaxis, and common 
hypersensitivity reactions were unspecified rash 
(26/83, 31%) and urticaria (21/83, 26%). Most patients 
(40/83, 48%) required only antihistamines or no rescue  
treatment at all (39/83, 47%). Nine patients (11%) 
required early clinic review and only 2 (2%) patients 
were admitted for closer monitoring. The 2 patients  
who required admission were each deemed to be  
moderate risk and high risk, and both were discharged 
uneventfully after the resolution of their hypersensitivity 
reactions.  

The limitations of our study include referral bias,  
as the patients seen in our tertiary centre often have 
multiple comorbidities and are subject to polypharmacy. 

However cardiac, respiratory, and atopic comorbidities 
and the number of drug allergy labels pre-evaluation  
were not found to be significant in predicting the  
outcomes of allergy evaluation. Pre-evaluation risk 
stratification by our multidisciplinary team was based 
on consensus after discussing patient factors and 
characteristics of index reaction. In our study, some 
patients with skin tests only did not undergo further 
confirmatory drug provocation, thus the possibility of 
false positives cannot be excluded. However, such a 
practice is consistent with current best practices.10 Lastly, 
patients who underwent allergy evaluation in relation to 
peri-operative drugs did not receive graded intravenous 
provocative challenge due to lack of anaesthesia  
support, and were excluded from statistical analysis.

CONCLUSION
Many drug allergy labels are untrue and drug 
allergy evaluation is essential in verifying them. In a  
risk-stratified, protocolised setting, drug allergy  
evaluation is safe and the hypersensitivity reactions 
observed were mostly cutaneous in nature. Prolonged 

Table 3. Breakdown of reactions encountered following in-clinic graded challenge or prolonged home challenge

In-clinic graded challenge  
(n=60)

No. (%)   

Home prolonged evaluation  
(n=23)

No. (%) 

Type of reactiona 

Rash 13 (30) 13 (57)

Urticaria 18 (41) 3 (13)

Angioedema 11 (25) 7 (30)

Respiratoryb 9 (20) 4 (17)

Anaphylaxis 0 0

Othersc 12 (27) 6 (26)

Treatment administereda

Antihistamine 27 (61) 13 (57)

Nil treatment 29 (66) 10 (43)

Intravenous/oral corticosteroid 7 (16) 2 (9)

Adrenaline 0 0

Othersd 5 (11) 6 (26)

a Patients may experience more than one sign and symptom; hence total number of reactions and treatments administered is more than the number of patients 
in each group. 

b Respiratory reactions including breathlessness, wheezing, globus sensation, chest tightness, changes in voice. 

c Other types of reactions encountered in both in-clinic graded challenge and prolonged home challenge: lacrimation, blurring of vision, conjunctiva injection 
= 5, gastrointestinal = 4, dysaesthesia, numbness = 3, central nervous system = 2, chills and rigours, lower limb oedema, desquamation, discomfort = 1 each. 

d Other treatment administered in both in-clinic graded challenge and prolonged home challenge: topical creams (anti-pruritic, corticosteroid, emollients)  
= 6, intravenous hydration = 2, anti-emetic, paracetamol, albuterol and ipratropium combination inhaler = 1 each.
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drug provocation testing, where indicated, increases the 
sensitivity of drug allergy evaluation and is important in 
the verification of allergy labels.
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ORIGINAL ARTICLE

ABSTRACT 
Introduction: The cost-effectiveness of screening asymptomatic non-alcoholic fatty liver disease  
(NAFLD) patients remains debatable, with current studies assuming lifelong benefits of NAFLD  
screening while neglecting cardiovascular outcomes. This study aims to assess the cost-effectiveness  
of NAFLD screening among type 2 diabetes mellitus (T2DM) patients, and to establish a price threshold 
for NAFLD treatment, when it becomes available. 
Method: A Markov model was constructed comparing 4 screening strategies (versus no screening) to  
identify NAFLD with advanced fibrosis among T2DM patients: fibrosis-4 (FIB-4), vibration-controlled 
transient elastography (VCTE), FIB-4 and VCTE (simultaneous), and FIB-4 and VCTE (sequential).  
Sensitivity analyses and price threshold analyses were performed to assess parameter uncertainties  
in the results. 
Results: VCTE was the most cost-effective NAFLD screening strategy (USD24,727/quality-adjusted  
life year [QALY]), followed by FIB-4 (USD36,800/QALY), when compared to no screening.  
Probabilistic sensitivity analysis revealed a higher degree of certainty for VCTE as a cost-effective  
strategy compared to FIB-4 (90.7% versus 73.2%). The duration of expected screening benefit is the  
most influential variable based on incremental cost-effectiveness ratio tornado analysis. The minimum 
duration of screening benefit for NAFLD screening to be cost-effective was at least 2.6 years. The  
annual cost of NAFLD treatment should be less than USD751 for NAFLD screening to be cost-effective.
Conclusion: Both VCTE and FIB-4 are cost-effective NAFLD screening strategies among T2DM  
patients in Singapore. However, given the lack of access to VCTE at primacy care and potential budget 
constraints, FIB-4 can also be considered for NAFLD screening among T2DM patients in Singapore.
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a growing 
epidemic and has become a major cause of liver-related 
mortality and indication for liver transplantations  
globally. It is estimated that nearly 25% of the world’s 
population and more than 60% of type 2 diabetes  
mellitus (T2DM) patients have NAFLD. A prior study 
demonstrated a high prevalence of NAFLD with  

advanced fibrosis among T2DM patients in Singapore.1 
The disease burden of NAFLD in the Singapore  
population is projected to rise from 1,492,000 to  
1,799,000 from 2019 to 2030.2 This increasing burden  
of NAFLD is alarming because NAFLD can progress  
to liver cirrhosis, hepatocellular carcinoma (HCC), and 
death. Unfortunately, NAFLD is often under-recognised 
because most patients are either asymptomatic or do not  
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CLINICAL IMPACT

What is New

•	 This study compares several non-invasive 
screening modalities including fibrosis-4 and 
vibration-controlled transient elastography to 
identify the most cost-effective strategy for 
risk stratifying non-alcoholic fatty liver disease 
(NAFLD) patients.

•	 The model also incorporates cardiovascular 
outcome and NAFLD-specific estimates from  
the latest literature.

Clinical Implications

•	 The annual cost of NAFLD treatment estimated 
will provide clinicians useful information when 
considering the cost-effectiveness of a  
screening strategy.

•	 Findings may aid in deciding the screening 
modality adopted for NAFLD screening in  
the primary care setting.

have elevated liver enzymes. Without screening, it is 
challenging to detect NAFLD patients with significant 
fibrosis or non-alcoholic steatohepatitis (NASH).  
Given the high NAFLD prevalence and higher risk 
of NAFLD progression among T2DM patients, risk 
stratification is crucial to stratifying patients for  
subsequent management, without overwhelming the  
tertiary care setting. 

Growing evidence supports the use of fibrosis markers  
for risk-stratification of NAFLD and cirrhosis patients 
because fibrosis is the strongest predictor for mortality3 
and long-term outcomes in NAFLD patients.4 Liver-
related mortality increased exponentially with each  
fibrosis stage. While liver biopsy is currently the gold 
standard for diagnosis and fibrosis staging of NAFLD,  
it cannot be used as a screening tool due to its  
invasiveness and its variability in sampling and 
interpretation. Non-invasive tests are important for  
large-scale, population-based screening and risk 
stratification of NAFLD patients. A 2-tier screening  
strategy that combines different non-invasive tests has  
been shown to improve the risk stratification of Asian 
NAFLD patients.5 Proper risk stratification of NAFLD 
patients in the primary care setting has been shown to 
reduce unnecessary referrals to tertiary care. 

Screening is important for identifying high-risk  
NAFLD patients for early interventions such as intensive 

lifestyle modification, pharmacological therapy or  
bariatric surgery.6 While lifestyle modification alone 
may be sufficient for those without advanced fibrosis or 
NASH, NAFLD patients with advanced fibrosis should 
be referred to tertiary care and encouraged to consider  
clinical trials for new therapies or more aggressive 
interventions such as bariatric surgery. Non-invasive 
screening strategies using fibrosis-4 (FIB-4) scoring 
and vibration-controlled transient elastography (VCTE) 
have been proposed.7 While the cost-effectiveness of  
NAFLD screening has been explored, these studies  
had several shortcomings. First, cardiovascular 
complications such as ischaemic heart disease and  
stroke were not considered in the earlier models. 
Second, screening strategies were assumed to confer 
lifelong benefits, which may overestimate the benefits of  
NAFLD screening. Third, the health-state utilities  
(provides quantitative measures of how strongly a  
person values a certain health state, ranging from  
0 to 1) and cost were often derived from studies  
conducted in other chronic liver diseases such as  
chronic hepatitis C or expert opinion. Meanwhile, current 
guidelines have conflicting views on the recommenda-
tions for NAFLD screening.8-10 To address these gaps, 
our primary aim was to compare the cost-effectiveness  
of different strategies for NAFLD screening in the  
primary care setting. Our secondary aim was to  
estimate the optimal cost of NAFLD treatment, at  
which it would be considered cost-effective in the  
setting of NAFLD screening. 

METHOD

Overview
A cost-effectiveness analysis was undertaken to estimate  
the relevant costs and health outcomes of NAFLD  
screening to prevent further progression of NAFLD  
to liver cirrhosis or HCC compared with current care, 
defined as no screening. In the screening arm, all  
T2DM subjects were offered a once-off screening  
ultrasound at age 50 to diagnose NAFLD. Subjects 
diagnosed with NAFLD subsequently undergo 
fibrosis screening strategies, which include: (1) FIB-4  
screening (FIB-4>3.25), (2) VCTE screening, (3) FIB-4  
and VCTE simultaneous screening, and (4) FIB-4 and  
VCTE sequential screening. Both sequential and 
simultaneous testing using non-invasive tests were 
considered because they have been shown to improve 
the risk stratification and reduce the misclassification 
of NAFLD patients, when compared to single-step 
non-invasive testing.7 Advanced fibrosis was defined as  
FIB-4 >3.25 or VCTE ≥15kPa based on published  
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and stroke) and background mortality among diabetic 
patients aged 50 years and above from the SingHealth 
Diabetes Registry. The SingHealth Diabetes Registry is 
a comprehensive registry consisting of 208,102 T2DM 
patients from 8 healthcare sites within SingHealth, the 
largest health cluster in Singapore.12

Input parameters
All input parameters were summarised in the online 
Supplementary Table S1. The prevalence of liver 
and cardiovascular events and background mortality 
among diabetic patients aged 50 years and above were 
extracted from the SingHealth Diabetes Registry. The 
model was complemented with published literature on 
the: (1) prevalence and severity of NAFLD patients,1,13  
(2) prevalence and utility of liver and cardiovascular  
events among NAFLD patients,14-18 (3) performance 
of FIB-4 and VCTE,7,19,20 (4) transition probability of  
NAFLD health states,2,7,15,21-24 and (5) NAFLD-specific 
health state utility.22 We obtained NAFLD-specific,  
direct medical costs for different health states from the  
data of SingHealth hospitals. The cost of liver  
transplantation and HCC was supplemented with  
published Singapore literature, adjusted for inflation  
at a rate of 3% per annum. A discount rate of 3% was  
used for both costs and health outcomes.

Economic model
A Markov model was developed with a 1-year cycle  
length to capture long-term health outcomes (Fig. 1). 
Patients with NAFLD with advanced fibrosis could  
either progress to liver cirrhosis, or regress to NAFLD 
with mild fibrosis (F0–F1). Fibrosis regression may  

literature.7 In sequential testing, patients were subjected  
to 2-tier testing, with those having a FIB-4 index beyond  
3.25 subjected to further screening using VCTE. In 
simultaneous testing, patients were subjected to both  
FIB-4 and VCTE testing, with either test reflecting a 
positive result indicative of advanced fibrosis. Our model 
also accounted for the additional cost that resulted from 
misclassifying patients into advanced fibrosis during the 
first year of screening.

Following the diagnosis of advanced fibrosis, these 
subjects will undergo an intensive weight reduction and 
lifestyle programme, where evidence for hepatic fibrosis 
regression had been demonstrated in a prior study.6 The 
lifetime time horizon was chosen to model the long-
term outcomes of NAFLD that included cardiovascular  
outcomes, cirrhosis, HCC and liver transplantation. This 
study was undertaken using the providers’ perspective,  
where once-off screening is adopted for T2DM patients 
aged 50 years. The age cut-off of 50 years- was chosen 
for 2 reasons: this is the age threshold recommended 
by clinical practice guidelines,10 and recent study 
showing a threshold effect (where the vast majority of 
patients begin developing liver-related events such as 
cirrhosis after 50 years old) among T2DM patients with 
NAFLD.11 Findings were reported using incremental  
cost-effectiveness ratios (ICERs) in US dollars (USD)  
per quality-adjusted life year (QALY) gained. The 
interpretation of the cost-effectiveness of the findings  
was based on the willingness to pay (WTP) of  
USD50,000/QALY. We extracted NAFLD-specific  
estimates and utility data, the prevalence of liver and 
cardiovascular events (acute myocardial infarction, 
congestive cardiac failure, transient ischaemic attack, 

Fig. 1. Markov schematic capturing 
the main health states adopted in  
the model, with dotted arrows 
indicating the impact of screening, 
coupled with intensive weight loss  
and dieting on the respective 
progression and regression rates.
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occur in patients with compensated NASH cirrhosis, 
and was associated with lower liver-related events, 
as shown in a recent study by Sanyal et al.25 Patients  
beyond advanced fibrosis may progress to HCC. Those 
with HCC and decompensated cirrhosis may progress to 
having a liver transplant and subsequently remain in the 
post-liver transplant health state. Cardiovascular events 
may occur in all stages of NAFLD, except for patients 
with decompensated cirrhosis and HCC, where the risk 
of mortality is primarily driven by the underlying liver 
disease.26 All health states could result in death through 
either progression of liver or cardiovascular disease. 

Cost-effectiveness analysis
For base-case analysis, which is the baseline analysis 
without consideration of possible changes in variables 
adopted in the model, we calculated the expected 
clinical outcomes and lifetime costs of T2DM patients 
without NAFLD screening. The start age of 50 years  
was adopted as the base case of NAFLD screening to  
allow the potential demonstrable benefits of screening  
and a corresponding intensive weight reduction  
programme to take effect. We subsequently calculated  
the incremental costs, QALY gained, and the ICER  
of the various screening strategies as compared to no 
screening. A Tornado analysis was performed to identify 
the 3 most influential variables within the model. To 
determine the optimal price threshold of NAFLD  
treatment for NAFLD screening to remain cost-effective  
in Singapore, we performed a threshold analysis based  
on a pre-defined WTP threshold. We then performed a 
sensitivity analysis to determine the minimal duration 
of sustainable treatment effect for NAFLD screening 
to be cost-effective. A sensitivity analysis was also 
performed for the start age of screening to determine the 
optimal start age for NAFLD screening. Probabilistic 

sensitivity analysis was performed to examine the effects 
of all parameter uncertainties using 10,000 sets of Monte  
Carlo simulations. A triangular distribution was applied 
by using the point estimate, minimal and maximal values 
as inputs. All analyses were performed using TreeAge  
Pro 2021 (TreeAge Software Inc, Williamstown, US).

Model assumptions
The assumptions adopted in this Markov model are the 
following. First, we assumed fibrosis regression is not 
possible in decompensated NASH cirrhosis. Second, 
we considered the additional unnecessary expenditure  
brought about by NAFLD screening, assuming that  
patients with a false positive diagnosis of NAFLD will 
incur an additional 1-year cost, which is equivalent to  
their prior fibrosis staging. Third, we assumed the  
annual rate of fibrosis progression to be constant,  
including subjects who experienced non-fatal  
cardiovascular complications. This assumption was  
made based on a recent study showing that most 
cardiovascular complications in NAFLD were non-
fatal, and the risk of all-cause mortality was similar in  
NAFLD patients with or without cardiovascular 
complications.27 We also assumed the direct medical 
cost derived from decompensated cirrhosis, HCC and 
liver transplantation to be similar, irrespective of the 
underlying aetiology of cirrhosis. Finally, we assumed  
the screening benefit of fibrosis regression and  
cardiovascular complications to cease after 5 years.

RESULTS

Base-case analysis
Base-case analysis of screening at age 50 years  
demonstrated that both VCTE and FIB-4 screenings were 
cost-effective, at USD24,727.23/QALY and USD36,799.87/

Table 1. Results of base-case analysis among 5 screening strategies: screening using FIB-4 or VCTE were considered cost-effective with ICER within the 
willingness to pay threshold (USD50,000)

Strategy Cost (USD) Effectiveness 
(QALY)

Incremental 
cost (USD)

Incremental 
effect 

(QALY)

ICER Label

(USD/QALY)

No screening 20,610.72 11.91 - - - undominated

FIB-4 screening 22,957.79 11.97 2,347.07 0.0638 36,799.87 extendedly 
dominated

FIB-4+VCTE 
simultaneous screening

23,401.46 11.98 443.68 0.00692 64,102.01 extendedly 
dominated

VCTE screening 23,453.16 12.03 2,842.45 0.115 24,727.23 undominated

FIB-4+VCTE  
Sequential screening

28,735.91 11.98 5,282.75 -0.0461 -114,623.44 absolutely 
dominated

FIB-4: fibrosis-4; ICER: incremental cost-effectiveness ratio; QALY: quality-adjusted life year;VCTE: vibration-controlled transient elastography

Ann Acad Med Singap Vol 51 No 11 November 2022 | annals.edu.sg

Fatty liver screening in Singapore—Bryan Peide Choo et al. 689



QALY, respectively (Table 1). Meanwhile, screening 
that adopted either sequential or simultaneous testing  
(FIB-4 or VCTE) was considered not cost-effective in 
Singapore.

One-way sensitivity analysis
Based on one-way sensitivity analysis, the 3 most  
influential variables in the screening model were the  
duration of screening benefit, the effectiveness of  
NAFLD treatment in fibrosis regression within the first 
5 years of screening, and the utility of no to mild fibrosis 
(F0–F1) health states (Fig. 2). For VCTE screening to 
be cost-effective, the minimum duration of screening  
benefit should be at least 2.69 years. Similarly, the  
minimum duration of screening benefit should be  
at least 3.86 years for FIB-4 screening to be cost- 
effective (Fig. 3). The screening benefit remains when 
sensitivity analysis was performed on ages 50 to  
70 years, with most benefits observed when screening  
was started at the age of 50 (Fig. 4).

Based on multivariate probability sensitivity analysis 
performed in 10,000 Monte Carlo simulations, NAFLD 

screening using VCTE or FIB-4, was cost-effective 
90.7% and 73.2% of the time, respectively (Fig. 5). The 
cost-effective acceptability curve showed that NAFLD 
screening using either VCTE or FIB-4 was cost-effective 
when a WTP of USD50,000 was considered. Finally,  
price threshold analysis showed that for NAFLD  
screening to be cost-effective, the annual cost of  
NAFLD treatment should be less than USD751/annum. 

Budget impact analysis
For the budget impact analysis, a total of 10,000 patients  
for this cohort was assumed (estimated for patients aged  
50 years with diabetes for 2019). The current budget  
impact for the no-screening strategy would be  
approximately USD206.1 million when patients are  
tracked over the next 50 years. The budget impact of 
all patients who underwent a once-off VCTE or FIB-4  
screening was USD234.5 million and USD229.6 million, 
respectively. Given that VCTE is not currently available 
in the primary care setting, the estimated budget to set up 
VCTE in all 23 polyclinics throughout Singapore would 
be approximately USD4.70 million.

DISCUSSION
NAFLD is a rapidly growing global pandemic. It 
is expected to be the driving cause of chronic liver  
disease, cirrhosis, HCC and liver transplantation in the 
near future.28 Identifying NAFLD patients at greater 
risk of cirrhosis progression and death is important for 
early intervention. Despite an increased prevalence of 
NAFLD among high-risk populations such as T2DM, 
current guidelines were conflicting when recommending 
population-based NAFLD screening.9,10 In this study,  
we found that NAFLD screening is cost-effective  
among T2DM patients. For NAFLD screening to be 
considered cost-effective in Singapore, the benefits of 
treatment should last at least 2.6 years, and the cost of 
treatment should be less than USD751 per annum. To  
our best knowledge, this is the first study evaluating  
the cost-effectiveness of NAFLD screening among  
T2DM patients in Singapore. As there is no structured 
NAFLD screening programme in Singapore,10 our 
findings are important to inform policymakers on the  
cost-effectiveness of NAFLD screening to curb the 
upcoming “obesity tsunami”. With multiple novel  
NAFLD treatments in the pipeline, the price threshold 
analysis will be relevant globally when considering the 
price of NAFLD treatments when they are eventually 
available.29

Our study found that NAFLD screening among  
high-risk populations such as T2DM patients is cost-
effective when using either VCTE or FIB-4 alone. It is 

Fig. 2. Tornado diagram of base-case analysis. This model illustrates the  
result of one-way sensitivity analyses performed to study the effects of  
altering uncertainty parameters within the minimum-maximum ranges, 
including all clinical effects, costs and utilities on the incremental cost-
effectiveness ratio in the model for (A) vibration-controlled transient 
elastography, and (B) fibrosis-4.
FIB-4: fibrosis-4; HCC: hepatocellular carcinoma; ICER: incremental  
cost-effectiveness ratio; VCTE: vibration-controlled transient elastography; 
WTP: willingness to pay
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Fig. 3. Minimum duration of screening benefit for (A) vibration-controlled transient elastography and (B) fibrosis-4 to be cost-effective.
FIB-4: fibrosis-4; ICER: incremental cost-effectiveness ratio; VCTE: vibration-controlled transient elastography; WTP: willingness to pay

Fig. 4. One-way sensitivity analysis performed to study the effects of start age of screening for (A) vibration-controlled transient elastography  
and (B) fibrosis-4 to be cost-effective.
FIB-4: fibrosis-4; ICER: incremental cost-effectiveness ratio; VCTE: vibration-controlled transient elastography

Fig. 5. Multivariate probabilistic sensitivity analysis, based on 10,000 Monte Carlo simulations. (A) Incremental cost-effectiveness scatterplot 
comparing vibration-controlled transient elastography (VCTE) screening versus no screening. (B) Incremental cost-effectiveness scatterplot 
comparing fibrosis-4 (FIB-4) screening versus no screening. (C) Incremental cost-effectiveness scatterplot comparing VCTE screening versus 
FIB-4 screening. (D) Cost-effectiveness acceptability curve.
CE: cost-effectiveness; FIB-4: fibrosis-4; ICER: incremental cost-effectiveness ratio; VCTE: vibration- controlled transient elastography 
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believed that the superiority of VCTE over FIB-4 was 
driven by VCTE’s better accuracy in detecting NAFLD 
with advanced fibrosis, thus allowing more high-risk 
patients to receive early therapeutic intervention.7 
However, the adoption of VCTE as the primary  
modality for population-based NAFLD screening  
should take into consideration the availability of  
VCTE machines and trained technicians, as the 
interpretation of VCTE is currently not available at 
the community level. Meanwhile, although FIB-4 is 
an extendedly dominated strategy (i.e. having a higher 
ICER yet less effective than VCTE) when compared  
with VCTE screening, it is also a cost-effective  
strategy within the WTP threshold when compared  
with no screening. Through our budget impact analysis,  
we demonstrated the significant cost and burden of  
NAFLD in our setting. The impact of the budget for 
both VCTE and FIB-4 was also included to provide 
policymakers with estimates for financial budgeting. 
Hence, FIB-4 can be considered in situations where the 
financial budget to set up the VCTE in the primary care 
setting is a constraint. 

The high prevalence of T2DM observed in the  
SingHealth Diabetes Registry was consistent with 
other Asian studies.30 While our model described a 
once-off screening strategy, repeated screening may be  
considered in 3–5 years’ time, given that 50% of  
T2DM patients developed NAFLD in 3 years, even  
though few experienced fibrosis progressions within 3 
years.31

Another important finding in our study is that the 
duration of screening benefit was identified as one of 
the key determinants in determining cost-effectiveness. 
While it is logical to expect screening benefits to  
gradually taper off with time, this was not considered 
in prior cost-effectiveness studies.21,22 We found that  
the benefits of screening should last at least 2.6 and  
3.8 years for VCTE and FIB-4, respectively, for  
screening to remain cost-effective. It was also useful 
for determining the target population of interest, in 
which the screening benefit will be limited for patients 
with an expected life expectancy of less than 4 years 
from the point of NAFLD screening. Furthermore, 
the consideration of treatment pricing thresholds was  
crucial in the recommended treatment cost of  
USD751 per annum for cost-effectiveness to be  
maintained within the currently adopted WTP  
thresholds. These important considerations on the  
model structure and study design are useful and  
potentially transferable for future cost-effectiveness 
analysis on population-based NAFLD screening.

This study has several strengths. First, clinical data  
were derived from the SingHealth Diabetes Registry, 
comprising 208,102 individuals from 8 sites within 
SingHealth, the largest healthcare cluster in Singapore.12 
Second, due to increasing evidence available in the 
field of NAFLD research, we were able to incorporate  
NAFLD-specific cost and utility, as well as cardiovascular-
related outcomes17,26 in our model. We model the impact 
of cardiovascular-related complications—the main  
cause of mortality in NAFLD patients.32 Third, to  
provide a more conservative estimate, our model also 
accounted for the duration of sustainable screening  
benefit for the findings to be rendered cost-effective. 
Fourth, the current strategies compared in our model 
is also in line with the latest recommendations from  
the American Association of Endocrinology Clinical 
Practice Guideline for the diagnosis and management  
of NAFLD in primary care and endocrinology in the 
clinical setting.33 Finally, our price threshold analysis  
also provided a cost benchmark for NAFLD treatment, 
where NAFLD screening will remain cost-effective, as 
future NAFLD treatments become available.

We acknowledge that there are limitations to this  
study. First, even though VCTE is the most cost-effective 
strategy for NAFLD screening, the additional budget 
required to set up VCTE in the primary care setting 
was not included in this study. Meanwhile, FIB-4 as 
the alternative cost-effective option is more readily 
available, implementable, and scalable in the primary 
care setting. Second, the benefits of NAFLD treatment 
were assumed to be consistent in this study. To provide 
a more realistic and conservative estimate, we assumed 
the benefits of NAFLD treatment to last up to 5 years 
to avoid over-estimating the screening benefit. Third, 
we acknowledged the limitations on the performance  
of non-invasive markers selected in our model. 
For example, FIB-4 can be influenced by age, with  
decreasing accuracy beyond 70 years old.34 Our model 
did not consider other serum-based biomarkers such as 
Enhanced Liver Fibrosis Test, FibroTest, Hepascore or 
PRO-C3 as they were not readily available in the local 
context. We also did not consider magnetic resonance 
imaging elastography for NAFLD screening given its  
long wait time and limited availability even in tertiary  
care, making it impractical as a population-based  
screening tool. The impact of NAFLD screening on  
non-hepatic cancers was not included in our model  
due to heterogeneity and wide ranges of prevalence and 
treatment costs of various cancers. We acknowledge 
that a structured programme may be required to ensure 
the continued adoption of lifestyle modifications in 
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NAFLD patients, which may increase the cost of the 
NAFLD screening programme. Because of differences 
in the healthcare system, decision-making criteria, and 
cost data, we acknowledge that our cost-effectiveness  
findings may not be directly extrapolated to other 
countries. Nevertheless, important considerations in 
the model structure (minimal duration of sustained  
screening benefit and cardiovascular-related complica-
tions) and study design (price threshold analysis) are  
useful factors that can be adapted for future cost-
effectiveness analysis on population-based NAFLD 
screening. Finally, artificial intelligence and machine 
learning may present a new frontier for identifying 
NAFLD patients at high risk for fibrosis progression or 
liver-related complications.

In summary, NAFLD screening among T2DM  
patients is a cost-effective approach to reducing the 
disease burden of NAFLD in Singapore. Our findings 
complement our current understanding of NAFLD 
screening by estimating the minimal duration of  
screening benefit and incorporating cardiovascular 
outcomes into the existing NAFLD model. With an 
expanding treatment armamentarium for NAFLD, 
our findings are timely in providing a cost-effective  
threshold for NAFLD treatment in the setting of  
population-based NAFLD screening. 
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REVIEW ARTICLE

ABSTRACT 
Introduction: Institutional surgical antibiotic prophylaxis (SAP) guidelines are in place at all public  
hospitals in Singapore, but variations exist and adherence to guidelines is not tracked consistently. A  
national point prevalence survey carried out in 2020 showed that about 60% of surgical prophylactic 
antibiotics were administered for more than 24 hours. This guideline aims to align best practices  
nationally and provides a framework for audit and surveillance.
Method: This guideline was developed by the National Antimicrobial Stewardship Expert Panel’s  
National Surgical Antibiotic Prophylaxis Guideline Development Workgroup Panel, which comprises 
infectious diseases physicians, pharmacists, surgeons and anaesthesiologists. The Workgroup adopted  
the ADAPTE methodology framework with modifications for the development of the guideline.  
The recommended duration of antibiotic prophylaxis was graded according to the strength of  
consolidated evidence based on the scoring system of the Singapore Ministry of Health Clinical  
Practice Guidelines.
Results: This National SAP Guideline provides evidence-based recommendations for the rational  
use of antibiotic prophylaxis. These include recommended agents, dose, timing and duration for  
patients undergoing common surgeries based on surgical disciplines. The Workgroup also provides  
antibiotic recommendations for special patient population groups (such as patients with β-lactam  
allergy and patients colonised with methicillin-resistant Staphylococcus aureus), as well as for  
monitoring and surveillance of SAP.
Conclusion: This evidence-based National SAP Guideline for hospitals in Singapore aims to align  
practices and optimise the use of antibiotics for surgical prophylaxis for the prevention of surgical site 
infections while reducing adverse events from prolonged durations of SAP.
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CLINICAL IMPACT

What is New

•	 This is the first surgical antibiotic prophylaxis 
(SAP) guideline in Singapore that provides 
evidence-based recommendations for the 
antibiotic choice, dose, timing and duration  
for adult patients undergoing elective clean or 
clean-contaminated surgeries. 

•	 It highlights the evidence that prolonged SAP 
duration has no benefit, and may be  
associated with harm. 

Clinical Implications

•	 This guideline aims to align practices and 
optimise the use of SAP for the prevention of 
surgical site infections, while also reducing 
adverse events from prolonged durations of SAP.

INTRODUCTION
Surgical antibiotic prophylaxis (SAP) refers to the 
administration of antibiotics prior to clean and clean-
contaminated surgeries to prevent postoperative  
surgical site infections (SSIs). An optimal SAP should  
be highly effective in preventing SSI. An ideal  
prophylactic antibiotic regimen is: (1) effective against 
pathogens—generally skin flora—most likely to 
contaminate the surgical site; (2)  appropriately dosed,  
and timed so that the highest tissue concentration is  
present upon skin incision; (3) safe; and (4)  
administered for the shortest effective period to  
minimise adverse effects, the development of  
antimicrobial resistance, and costs.1 Antibiotics should 
also be re-dosed if surgery is prolonged or there is 
significant blood loss, to ensure adequate serum and  
tissue concentrations throughout the entire procedure.

Institutional SAP guidelines are in place at all 
public hospitals in Singapore but variations exist, and  
adherence to these guidelines is not reported nationally. 
Point prevalence surveys on antimicrobial utilisation 
conducted by Singapore public hospitals in 2020  
showed that the prophylactic use of antibiotics for  
surgeries accounted for 10% of all antimicrobial 
agents prescribed, and about 60% of these prophylactic 
antibiotics were administered for more than 24 hours.2 
This is particularly concerning as various international 
guidelines state that SAP should be discontinued after 
skin closure following most procedures. These are  

strong recommendations based on moderate- to high-
quality clinical evidence.1,3,4 Current evidence shows  
that SAP has no benefit when given beyond 24 hours,  
and may be associated with harm such as an increased 
risk of acute kidney injury and Clostridioides difficile 
infections.5-7 Moreover, unnecessarily long durations of 
SAP do not prevent wound infections, but in fact, may 
increase the risk of infections with multidrug-resistant 
organisms due to antibiotic selection pressure.8 

Appropriate SAP should be regarded as one of the 
components of an effective policy for the control of 
healthcare-associated infection (HAI), and also an 
important aspect of quality, patient safety, and antibiotic 
stewardship in the hospital. Based on the first national 
point prevalence survey conducted in public hospitals 
in Singapore, SSI was the second most common HAI 
after pneumonia, accounting for 17.3% of HAI.9 The 
establishment of the National SAP Guideline for  
hospitals in Singapore may reduce the rate of SSI by 
improving the choice and timing of SAP, while also 
reducing adverse events from prolonged courses of  
SAP, thereby promoting patient safety and addressing  
the problem of antimicrobial resistance.8

Thus, the National SAP Guideline provides evidence-
based recommendations for the rational use of antibiotic 
prophylaxis. These include recommended agent(s),  
dose, timing and duration for patients undergoing more 
common surgical procedures. This guideline aims to  
align national best practices and provide a framework 
for audit and surveillance. The National Antimicrobial 
Stewardship Expert Panel (NASEP) envisions that this 
guideline would be an impetus for all institutions to 
improve the use of SAP for the benefit of patient care 
and quality. 

METHOD
This guideline was developed by the NASEP’s National 
Surgical Antibiotic Prophylaxis Guideline Development 
Workgroup Panel. The workgroup was led by 2 co-
chairs and comprised infectious diseases physicians, 
infectious diseases and/or antimicrobial stewardship-
trained pharmacists, surgeons and anaesthesiologists. 
The workgroup was divided into subgroups of 9 main 
surgical disciplines, and literature search was performed 
and presented by the individual subgroups. 

The Workgroup Panel adopted the ADAPTE  
methodology framework10 with modifications in 
the development of the guideline. Members of the  
Workgroup Panel aimed to ensure the validity,  
reliability and applicability of the guideline for the 
Singapore setting. The primary literature published  
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(Tables 1 and 2). For procedures in which antibiotic 
prophylaxis is not recommended, the strength of 
evidence represents the support against prophylaxis.  
The description of the evidence base can be found in  
the online Supplementary Appendix 1.

The draft documents for each surgical procedure 
were collated and edited by the co-chairpersons before 
being circulated and reviewed by the Workgroup. The 
completed guideline was formally submitted for review 
and endorsement by the MOH National Antimicrobial 
Resistance Control Committee (NARCC) and National 
Centre for Infectious Diseases (NCID), together with 
Chapter of Infectious Disease Physicians, College of 
Anaesthesiologists, and College of Surgeons of the 
Academy of Medicine, Singapore. Medical practitioners 
from the private hospitals were also formally engaged 
for comments. The Workgroup had 6 rounds of  

in the English language through December 2020 
was identified by searches of PubMed and the 
Cochrane Database of Systematic Reviews. Studies 
from the  literature  search, together with published  
international guidelines—such as the American Society 
of Health-System Pharmacists (ASHP), the Infectious 
Diseases Society of America (IDSA), the National 
Institute for Health and Care Excellence (NICE), and  
the US Centers for Disease Control and Prevention  
(CDC)—were reviewed in detail. Particular attention  
was paid to the study design, with the greatest credence 
given to systematic reviews, meta-analyses and  
randomised controlled double-blinded studies. 

The recommended duration of antibiotic prophylaxis  
was graded according to the strength of consolidated 
evidence-based on the scoring system of the Singapore 
Ministry of Health (MOH) Clinical Practice Guidelines 

Table 1. Levels of evidence

Level Type of evidence

1+ + High-quality meta-analyses, systematic reviews of randomised controlled trials (RCTs), or RCTs with a very low risk of bias

1+ Well-conducted meta-analyses, systematic reviews of RCTs, or RCTs with a low risk of bias

1- Meta-analyses, systematic reviews of RCTs, or RCTs with a high risk of bias

2+ + High-quality systematic reviews of case control or cohort studies. High-quality case-control or cohort studies with a very low risk 
of confounding or bias and a high probability that the relationship is causal

2+ Well-conducted case control or cohort studies with a low risk of confounding or bias and a moderate probability that the  
relationship is causal

2- Case control or cohort studies with a high risk of confounding or bias and a significant risk that the relationship is not causal

3 Non-analytic studies, e.g. case reports and case series

4 Expert opinion

Table 2. Grades of recommendation

Grade Recommendation

A At least one meta-analysis, systematic review of RCTs, or RCT rated as 1++ and directly applicable to the  
target population; or
A body of evidence consisting principally of studies rated as 1+, directly applicable to the target population, and 
demonstrating overall consistency of results

B A body of evidence including studies rated as 2++, directly applicable to the target population, and demonstrating overall 
consistency of results; or
Extrapolated evidence from studies rated as 1++ or 1+

C A body of evidence including studies rated as 2+, directly applicable to the target population and demonstrating overall 
consistency of results; or
Extrapolated evidence from studies rated as 2++

D Evidence level 3 or 4; or
Extrapolated evidence from studies rated as 2+

GPP (good practice points) Recommended best practice based on the clinical experience of the guideline development group
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virtual meetings from December 2020 to April 2022 to 
discuss the comments and make modifications to the 
guideline (Fig. 1).

The recommendations in this guideline apply to  
elective clean and clean-contaminated procedures in  
the adult population. Clean procedures involve an  
incision in which no inflammation is encountered, 
without a break in sterile technique, and during which 
the respiratory, alimentary or genitourinary tracts are 
not entered; clean-contaminated procedures involve 
an incision through which the respiratory, alimentary  
or genitourinary tract is entered under controlled  
conditions but with no contamination encountered.11 

This guideline does not cover the following: 
•	 Treatment of infection in patients undergoing 

emergency surgery for contaminated or dirty  
wounds.

•	 Antibiotic prophylaxis for prevention of infective 
endocarditis.

•	 Antibiotic prophylaxis in patients with prosthetic 
implants undergoing dental surgery or other surgery 
that may cause bacteraemia. 

•	 Use of antiseptic for prevention of wound infection 
after elective surgery.

•	 Administration of topical antibiotics in wounds. 
Individual healthcare institutions should consider 

resistance patterns of organisms and overall SSI rates at  

their respective sites when adopting these recommenda-
tions. The Workgroup Panel recognises the importance  
of other non-antimicrobial factors to reduce the risk of 
SSI, but the discussion of these factors lies outside the 
scope of this guideline.

This guideline will be of interest to surgeons, infectious 
diseases physicians, anaesthesiologists, pharmacists, 
microbiologists, infection control nurses, epidemiologists 
and public health professionals. 

The full guideline is available at https://www.ncid.sg/
Health-Professionals/Pages/Antimicrobial-Resistance.
aspx as a reference to guide practice. 

RESULTS

Surgical antibiotic prophylaxis practice points 
SAP with the right antibiotic, dose and timing has  
been found to be of benefit for most clean-contaminated,  
as well as in certain clean procedures where there are  
severe consequences of infection (e.g. placement of 
prosthesis or implant).1 SAP may not be required in 
clean, uncomplicated procedures not involving the 
placement of prostheses or implants. For contaminated 
or infected wounds, antibiotic treatment is indicated  
and not considered as surgical prophylaxis.

Antibiotic choice
Most SSI are caused by skin flora or from flora that  
may be found at the site of the organ being operated 

Fig. 1. Timeline of guideline development process highlighting time points at which feedback was solicited and incorporated into guideline 
development and revision.
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on (e.g. Gram-negative and anaerobic bowel flora for  
surgeries traversing the colon). The antibiotic selected 
must cover the expected pathogen for the operative  
site and concentrate in high levels at the site prior 
to incision. Narrow-spectrum antibiotic agents are 
preferred. The association of some antibiotic agents (such 
as third-generation cephalosporins, fluoroquinolones 
and clindamycin) with the increased risk of C. difficile  
infections, and the development of multidrug-resistant 
colonisation or infections, should be taken into 
consideration.12,13 The choice of antibiotics should 
also take into account the resistance patterns at their  
respective sites. The recommended antibiotic prophylaxis 
for specific surgical procedures, along with alternatives  
for patients with severe penicillin allergy, is provided  
in Table 3.

Administration timing
The ideal antibiotic dose should be given in time to  
reach and maintain optimal levels in both blood and  
tissue from the time of incision until the closure of 
surgical wounds. Therefore, the dose and timing of 
antibiotic administration are important. The optimal 
time for administration of most preoperative doses is 30  
to 60 minutes before surgical incision. The antibiotic 
should be infused completely prior to the incision.  
Specific agents (fluoroquinolones and vancomycin)  
that require longer infusion time should be administered  
at least 1 hour before the incision.1,14,15 Prospective  
cohort studies specifically in cardiac surgeries have 
demonstrated that incomplete infusion of preoperative 
vancomycin was associated with a higher risk for  
SSI.16,17 For emergency procedures when vancomycin 
cannot be infused due to limited time, teicoplanin is 
an effective option. Teicoplanin may be administered  
over 3 to 5 minutes or as a 30-minute infusion.18,19

Methicillin-resistant Staphylococcus aureus (MRSA)  
risk and antimicrobial coverage
Screening and selective decolonisation of patients  
positive for MRSA have been shown to prevent SSI.20-25  
The Workgroup Panel recommends screening and 
decolonisation for patients who will be undergoing  
high-risk surgeries (cardiac, orthopaedic and  
neurosurgery with implant). Decolonisation without 
screening is not recommended as the widespread use of 
mupirocin has been shown to promote resistance.20

Vancomycin prophylaxis should be considered for 
patients with known MRSA colonisation or recent  
MRSA infection. This is recommended for (but not 
limited to) patients undergoing high-risk surgeries.1  

As vancomycin is less effective than cefazolin in  
preventing SSI caused by methicillin-susceptible 
Staphylococcus aureus, the addition of cefazolin to 
vancomycin should be considered for prophylaxis in  
MRSA colonised patients.1 This combination was shown  
to have lower SSI rates,26-29 although some studies  
showed a slightly higher risk of acute kidney injury.30  
The Workgroup Panel recommends the use of this 
combination in MRSA-colonised patients, who undergo 
cardiac or orthopaedic (involving implants) procedures. 

Antibiotic dosing and re-dosing intervals
The recommended re-dosing intervals for commonly  
used antibiotics are provided in Table 4. 

For aminoglycosides,  once-daily dosing is  
recommended. Gentamicin dosing regimens have been 
compared for prophylaxis in colorectal surgery. A 
single gentamicin dose of 5mg/kg was found to be more  
effective in SSI prevention than multiple doses of  
1.5mg/kg given 8-hourly.31 A large retrospective cohort 
study of surgical patients (n=1,590) showed that the  
use of once-daily gentamicin was safe, with similar 
nephrotoxicity risk between gentamicin versus control 
(2.5% vs 1.8%, P=0.17).32 

Intraoperative re-dosing is required when:1,15,33-36 
•	 the duration of the procedure exceeds 2 half-lives  

of the drug, or 
•	 there is excessive intra-operative blood loss (i.e.  

>1,500mL), or 
•	 there are extensive burns. 
Therapeutic drug monitoring for vancomycin and 

aminoglycosides is not required due to the short 
duration of prophylaxis. If these antibiotics are 
continued beyond the recommended duration for surgical 
prophylaxis, therapeutic drug monitoring should be initiated  
according to institutional guidelines. 

Dosing in obese patients
Obesity has been linked to an increased risk of  
SSI.37,38 These patients may require higher doses to  
ensure adequate tissue concentrations. 

These are the recommended dosing for obese  
patients: 

•	 For cefazolin, the recommended dose if weight is 
>120kg is 3g instead of the usual 2g.1

•	 For aminoglycoside use in obese patients (actual  
body weight is 20% above the ideal body weight), 
the dose is calculated based on the patient’s  
adjusted body weight:1,3,39 
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Adjusted body weight = Ideal body weight + 0.4 x  
(Total body weight - Ideal body weight)

where

Ideal body weight (male) is 50 + 2.3 × (height in  
inches - 60)

Ideal body weight (female) is 45.5 + 2.3 × (height in 
inches - 60)

(1 inch = 2.54cm) 

•	 For vancomycin, it should be dosed at 15–20mg/kg 
of actual body weight, with the first dose capped at 
3g per dose.1,3,40-43 

Patients with β-lactam allergy
β-lactams, including cephalosporins, are the mainstay  
of SAP and have the highest efficacy. Studies have  
shown that patients with reported β-lactam allergy 
have increased odds of SSI, attributed to the receipt of 
second-line antibiotics.44,45 Thus, patients with a history 
of β-lactam allergy should have a detailed antibiotic and 
allergy assessment to determine if a true allergy exists,  
and to exclude any non-immunological adverse reaction 
(for example diarrhoea, vomiting and non-specific  
rash). This can be done in advance for elective surgeries,  
so patients with no true allergy or a mild allergy to  
penicillin can be given the first-line SAP. 

Patients with severe penicillin allergy should not 
receive β-lactam for surgical prophylaxis. These  
include patients with severe immunoglobulin E  
(IgE)-mediated reactions (anaphylaxis, urticaria, 
bronchospasm and angioedema), or non-IgE-mediated 
reactions (Steven-Johnson syndrome, toxic epidermal 
necrolysis  and drug-induced hypersensit ivity  

syndrome). Alternatives to β-lactam antibiotics are 
provided in Table 3.

In patients with an uncomplicated non-IgE-mediated 
allergic reaction to penicillin (i.e. maculopapular 
rash), cephalosporins (i.e. cefazolin or 3rd generation 
cephalosporins) can be considered after discussion  
with the patient and the allergy team (if available). 
Cefazolin, in particular, has a unique R1 side chain that 
is distinct from other cephalosporins and β-lactams, 
and side chain cross-reactivity with penicillin and other  
beta-lactams is not expected.46,47

Patients receiving therapeutic antibiotics for an  
active infection before surgery
If the antibiotic used to treat the current infection is 
deemed appropriate for surgical prophylaxis, an extra 
dose should be administered within 60 minutes before  
the surgical incision. If the current antibiotic is  
insufficient for surgical prophylaxis, the recommended 
antibiotic prophylaxis for the procedure should be  
used. The need for re-dosing should be individualised  
and evaluated on a case-by-case basis. 

Patients with prior colonisation or infection with 
multidrug-resistant pathogens
The causative link between the carriage of multidrug-
resistant organisms and the resultant SSI caused by  
these pathogens has not been established. Whether 
prophylaxis should be expanded to cover these  
pathogens depends on many factors, including the  
host, the pathogen and its antimicrobial susceptibility 
profile, the procedure, and the proximity of the reservoir  
of the pathogen to the operative site.1 These patients  
should be evaluated on a case-by-case basis.

Table 4. Recommended doses and re-dosing interval

Antibiotic Adult dose Re-dosing interval

IV cefazolin 2g (3g if >120kg) Every 4 hoursa

IV ceftriaxone 2g Every 12 hours

IV metronidazole 500mg Every 8–12 hours

IV clindamycin 600–900mg Every 4–6 hours

IV vancomycin 15–20mg/kg Every 8–12 hoursa

IV/IM gentamicin 3–5mg/kg NA

IV amoxicillin-clavulanic acid 1.2g Every 4 hoursa

IV/PO ciprofloxacin 400mg (IV), 500mg (PO) Every 8–12 hoursa

IV aztreonam 2g Every 4 hoursa

IM: intramuscular; IV: intravenous; NA: not applicable; PO: per oral (oral administration)
a Recommended doses and re-dosing intervals are based on normal renal function. Renal dose adjustment may be required.
Source: Bratzler DW, Dellinger EP, Olsen KM, et al. Clinical practice guidelines for antimicrobial prophylaxis in surgery. Am J Health Syst Pharm 
2013;70:195-283. 
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Consideration for formal infectious diseases  
consultation
Formal infectious diseases consultation should be 
considered for the following patients: 

•	 Patients who have contraindications to both 
the first- and second-line antibiotic prophylaxis  
regimen (including complex allergy history and 
impaired renal function).

•	 Patients with a recent history of colonisation and/
or infection with multidrug-resistant organisms and 
who are undergoing high-risk procedures.

Duration of surgical antibiotic prophylaxis 
In clean and clean-contaminated procedures, 
additional prophylactic antibiotic agents should not be  
administered after the surgical incision is closed, even 
in the presence of a drain. This recommendation also 
applies to patients on systemic corticosteroids or other 
immunosuppressive therapy.1,3 At most, the duration of 
antibiotic prophylaxis should not exceed 24 hours for  
most procedures. A recent systematic review of 83 
randomised controlled trials across various surgical 
subspecialties found no additional benefit from  
extending the duration of prophylaxis as compared to 
immediate discontinuation. A prespecified subgroup 
analysis in this study also showed that when best 
practice standards (defined as the first dose within 
an hour of incision and appropriate re-dosing) were  
applied, prolonged antibiotic prophylaxis had no effect 
on the risk of SSI.48 Prolonged SAP beyond 24 hours  
has been shown to be associated with acute kidney  
injury and C. difficile infections.7 This practice may also 
increase selective pressure favouring the emergence 
of multidrug-resistant organisms.8 The recommended 
duration of antibiotic prophylaxis for various surgical 
procedures is provided in Table 3. 

Recommendations for monitoring and surveillance 
The Workgroup Panel recommends the following  
indicators for monitoring and audit: 

•	 The choice, dosage, and route of administration of 
antimicrobial agents are consistent with the national 
guideline.

•	 The first dose of prophylaxis is given at the right  
time in relation to the incision time.

•	 Re-dosing of antimicrobial agents is consistent with 
the national guideline.

•	 The duration of prophylaxis is consistent with the 
national guideline. 

Data on the choice and duration of SAP in public  
hospitals in Singapore are collected annually through 

the Antimicrobial Utilisation-Point Prevalence Survey 
(AMU-PPS). The above additional process measures 
may be incorporated into the AMU-PPS to provide 
useful information to improve antimicrobial stewardship 
initiatives.

Limitations
Immunocompromised patients and patients colonised  
with multidrug-resistant organisms may be under-
represented in a majority of the studies. Some of  
these patients who are undergoing high-risk surgeries  
are recommended for a formal infectious disease  
consultation prior to surgery. Additional limitations 
pertaining to the studies in certain surgical specialties 
were stated in the respective sections under the online 
Appendix 1. The cost-effectiveness of the recommended 
antibiotic regimen was also not discussed in this  
guideline. The majority of the antimicrobial agents 
recommended are generic formulations and of relatively 
low price. 

CONCLUSION
This is the first national surgical antibiotic prophylaxis 
guideline in Singapore. It provides evidence-based 
recommendations for the rational use of antibiotic 
prophylaxis—including the recommended agent(s),  
dose, timing and duration for adult patients undergoing 
elective clean or clean-contaminated surgeries. This 
guide aims to align best practices nationally and provide 
a framework for audit and surveillance. Current evidence 
indicates that SAP has no benefit when given beyond  
24 hours, and may be associated with harm. The 
establishment of the national SAP guideline for  
hospitals in Singapore may lower the rate of SSI, while  
also reducing adverse events from the prolonged  
duration of SAP.  
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REVIEW ARTICLE

ABSTRACT 
Introduction: Omicron is the latest SARS-CoV-2 variant of concern, the pathogen that causes  
COVID-19. Since its emergence in late 2021, Omicron has displaced other circulating variants and  
caused successive waves of infection worldwide throughout 2022. Omicron is characterised by the rapid 
emergence of many subvariants and high rates of infection in people with vaccine- and/or infection- 
induced immunity. This review article will consolidate current knowledge regarding Omicron subvariants, 
the role of boosters, and future vaccine development.
Method: This narrative review is based on a literature search using PubMed. Search terms related to  
Omicron were used and priority was given to published peer-reviewed articles over pre-prints.
Results: Studies indicate that vaccinations and boosters are important to reduce disease severity,  
hospitalisation, and death from Omicron. A variety of factors, such as differing host factors, circulating 
variants, and forces of infection, can influence the benefit of repeated booster administration.  
Next-generation bivalent vaccines have now been approved in some countries including Singapore 
and have demonstrated the ability to induce broad variant protection. Future third-generation vaccines  
involving mucosal vaccines and/or pan-sarbecovirus vaccines may provide broader and longer-lasting 
protection.
Conclusion: Due to current high levels of vaccine- and infection-induced immunity, it is likely that  
rates of severe illness, hospitalisation, and death due to Omicron will continue to moderate. Nevertheless, 
the virus is ever-changing, and public health policies, especially those related to vaccinations, will  
also have to continually evolve and adapt as COVID-19 transitions to endemicity.
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INTRODUCTION
The emergence and evolution of SARS-CoV-2 have 
been publicly tracked in unprecedented detail through  
a combination of intensive genomic sequencing and  
open-access sharing of data.1 This surveillance inform-
ation describes how waves of COVID-19 infections have 
been driven by the emergence of new variants of concern 
(VOCs) and their subvariants. While diverse genotypes 
are a characteristic of RNA viruses, VOCs are defined  
as genetic variants with evidence of phenotypic  
differences—either an impact on diagnostics, treatment 
or vaccines, or evidence of increased transmissibility or 
disease severity.2 

Omicron (Pango lineage B.1.1.529), the most recent  
VOC, was first detected in South Africa and Botswana 

in November 2021, where it was associated with rapidly 
increasing case numbers.3 Compared to previously 
circulating VOCs, Omicron has an unusually large 
number of mutations, especially in the important 
spike protein, with changes in 32 amino acid residues  
(Fig. 1).4 As Omicron successfully spread across the  
globe to become the dominant variant, it also acquired 
additional mutations and formed different subvariants  
(Fig. 2), each with its own epidemiological, clinical, and 
viral characteristics. 

This review article aims to provide a succinct summary 
of the current knowledge regarding Omicron and its 
subvariants, including epidemiology, immune evasion, 
vaccine effectiveness/efficacy (mainly mRNA vaccines), 
and future vaccine development. In so doing, we will 
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CLINICAL IMPACT

What is New

•	 COVID-19 vaccination is important to minimise 
symptoms of Omicron and reduce the probability 
of severe illness, hospitalisation, and death, 
especially for the older adults.

•	 Boosters offer a short-term boost for protection 
against Omicron infection but more importantly, 
their protective effect against severe outcomes 
declines compared to primary series. 

•	 Evidence of benefit from repeated boosters is 
strongest in people with weaker immunity such 
as older adults.

•	 Bivalent and multivalent COVID-19 vaccines 
show great promise to induce pan-variant 
protection.

Clinical Implications

•	 This review can help guide clinicians and 
policymakers in deciding which patients should 
be prioritised for booster vaccination.

consider the role of first and second vaccine booster  
doses, and suggest clinical guidance on their  
administration, based on the latest available data. 

METHOD
This narrative review is based on a literature search  
using PubMed. Search terms used were “Omicron 
epidemiology”, “Omicron emergence”, “Omicron  
booster”, “Omicron third dose”, “Omicron fourth 
dose”, “Omicron targeting vaccine”, “Omicron bivalent  
vaccine”, and “Omicron multivalent vaccine”. Priority  
was given to published peer-reviewed articles over  
pre-prints.

RESULTS

Epidemiology of Omicron and subvariants
After its detection in November 2021,5,6 Omicron 
rapidly replaced Delta as the dominant circulating 
variant worldwide.5,7 The first Omicron outbreaks were 
by subvariant BA.1, which in various countries peaked  
around December 2021 to February 2022.7-9 By March 
2022, the BA.2 subvariant had displaced BA.1,10,11 and 
within different regions, divergent sublineages such as 
BA2.1.1 and BA2.12.1 established themselves in France 
and the US, respectively.12,13

In April 2022, hybrid recombinant variants were  
detected. There were concerns these could become the 

next dominant variants and combine the severity of  
Delta infection with the transmissibility of Omicron.14-16 
However, that did not come to pass; by June 2022, new 
BA.4 and BA.5 subvariants had emerged and became 
increasingly prevalent.17 BA.5 is presently the dominant 
subvariant worldwide.17 More recently, BA.2.75.2 
and BA.4.6 have emerged and there are concerns of a  
new wave of infections due to their immune evasion 
capability (Figs. 1 and 2).18,19 Also recently in Singapore, 
there has been a sharp uptick in new cases due to the  
Omicron hybrid subvariant XBB (Fig. 3). Such rapid 
emergence and establishment of different Omicron 
subvariants complicate the development of variant- 
specific vaccines, as vaccine candidates may be  
outdated by the time they enter clinical trials, let alone 
clinical use. 

Pathological characteristics of Omicron compared  
to Delta
There is currently good evidence that Omicron causes 
significantly less severe disease than Delta. For example,  
in a study involving patients admitted from Paris  
emergency departments, Omicron was independently 
associated with better hospital outcomes compared 
to Delta, with a decrease in intensive care unit (ICU)  
admission by 11.4%, mechanical ventilation by 3.6%,  
and mortality by 4.2% (differences were adjusted for the 
number of vaccine doses).20 Overall, the rates of severe 
disease with Omicron among vaccinated individuals 
are comparable to seasonal influenza, though the public  
health impact has remained significant due to the 
extraordinarily high number of cases. The lower virulence 
has been partially attributed to changes in virus receptor 
binding that reduced Omicron’s efficiency at infecting  
cells in the lungs and gut, but not the upper airways.21  

The higher number of Omicron cases can be attributed 
to the higher transmissibility and infectivity compared to 
previous variants, with an effective reproduction number  
of 4.20 (BA.1/2), which is triple that of Delta.22 Viral  
factors such as increased angiotensin-converting  
enzyme-2 receptor affinity might contribute to this  
increased transmissibility.21 Furthermore, Omicron 
is effective at evading host immunity and can infect  
vaccinated individuals (vaccine escape) or recovered 
individuals infected with non-Omicron variant (re-
infection).3,23 As the average healthcare burden per  
infected individual is reduced, many countries in the  
midst of re-opening borders and stepping down public  
health measures continued to do so.24 These policy shifts  
also facilitated rapid transmission of the Omicron 
subvariants.
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Fig. 1. Variation in receptor-binding domain of COVID-19 spike glycoprotein.
Receptor-binding domains (residues 331 to 524) of COVID-19 spike glycoprotein sequences from the National Center for  
Biotechnology Information, US data package (accessed 4 August 2022) were separated into non-Omicron (A) and Omicron (B) for  
analysis (extracted by searching for the variant name and Pango lineage). Sequences without a complete receptor-binding domain 
were excluded from the analysis. Black letters represent original wildtype sequence while red letters represent mutations. (A) Inter-
variant variation in receptor-binding domain across wildtype, Alpha, Beta, Gamma and Delta are highlighted in red (total positions 
with inter-variant variation: 5). (B) Intra-variant variation in receptor-binding domain across Omicron subvariants are highlighted 
in red (total positions with intra-variant variation: 10). In total, 31 wildtype, 37 Alpha, 5 Beta, 6 Gamma and 10 Delta sequences  
were analysed for non-Omicron (total 89) while 3 BA.1, 1 BA.4 and 2 BA.5 sequences were analysed for Omicron (total 6). Y-axis represents 
the percentage of sequences analysed that possessed a particular amino acid residue at that position. There is greater intra-variant variation 
in the receptor-binding domain of the spike glycoprotein of Omicron than inter-variant variation in non-Omicron variants despite analysing 
far fewer Omicron sequences than non-Omicron.
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Fig. 3. Relative prevalence of Omicron subvariants in Singapore from May to October 2022.
Source: Ministry of Health, Singapore. Update on COVID-19 situation and measures to protect healthcare capacity, Annex, updated 15 
October 2022. https://www.moh.gov.sg/docs/librariesprovider5/default-document-library/annexad79528af5784a1b8c95c986c82e3131.pdf. 
Accessed 24 November 2022.

Fig. 2. Phylogeny of the spike glycoprotein of COVID-19 variants of concern. How the various COVID-19 variants of concern are  
related to each other based on data from NextStrain.

Immune evasion potential of more recent Omicron 
subvariants
Current epidemiological evidence indicates that BA.4  
and BA.5 exhibit higher transmissibility compared  
to BA.1 and BA.2.6,8,25 This may be due to BA.4 and 
BA.5 evading neutralising antibodies induced by 
BA.1 infection, resulting in an increased risk of re-
infection.26-28 Vaccinated persons with previous SARS-
CoV-1 infection (the causative agent of the 2002–2004 

severe acute respiratory syndrome epidemic) possess 
protective antibodies against BA.1, but these same 
antibodies conferred markedly reduced protection  
against BA.2.12.1, BA.4 and BA.5.26,27 BA.2.12.1, BA.4  
and BA.5 also display stronger neutralisation evasion  
of 3-dose vaccination regimens than BA.1 and BA.2.26,27 
Similar to how the initial Omicron subvariants (BA.1 
and BA.2) had increased immune escape compared to 
Delta, the new Omicron subvariants have superseded 
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their predecessors. Given the increase in vaccination  
and infection rates over time and thus increase in  
positive selection pressure, it is unsurprising that new 
“successful” COVID-19 variants have stronger immune 
escape ability.

Benefits of primary mRNA vaccine series in the  
context of Omicron immune evasion
Despite the lower severity of Omicron infection and 
its propensity to evade vaccine- and infection-induced 
immunity, vaccination remains a cornerstone of the 
COVID-19 public health response. For unvaccinated 
individuals with infection-derived immunity, cellular 
immune responses are comparable to vaccinated 
individuals, even though humoral immunity is lower.29-31 
This robust T-cell response may provide protection  
against severe illness in the event of re-infection.  
The breadth of the immune response in unvaccinated 
individuals infected with Omicron BA.1 is however 
narrower than in vaccinated individuals, particularly 
against non-Omicron variants.32 Unvaccinated BA.1 
convalescent individuals, compared to vaccinated 
individuals, also demonstrated a greater decrease in 
neutralisation against BA.4 and BA.5 (both of which  
are capable of evading BA.1 induced immunity).28 As 
such, vaccination of Omicron-convalescent individuals 
remains beneficial.

Vaccinations are also important to minimise symptoms 
and reduce the risk of severe disease, critical illness 
and death, especially for older adults.33,34 Long-term 
symptoms of COVID-19 (long COVID) are also a  
major public health concern. A UK study found that 
vaccination sharply reduces the probability of long  
COVID even after 6 months post-second dose (0.24  
to 0.5 time as likely to get long COVID)35 in spite of  
a likely significant antibody titre decay.36-39 

Decay in circulating antibody titres after vaccination 
or infection is inevitable. However, it is important 
to consider other facets of the immune system. 
Firstly, cellular immunity is likely to be important for  
protection against severe disease (but is more complex 
to measure than antibody levels). Secondly, mucosal 
immune response following infection may offer  
additional protection against re-infection but may not 
correlate with systemic measures of immunity.40-42  
Finally, both humoral and cellular immune memory are 
likely to be long-lasting. Studies have demonstrated  
that the 2-dose primary series of mRNA vaccines  
continue to offer >70% protection against hospitalisa-
tion, severe illness and death even if the last dose was 
administered more than 6 months prior to breakthrough 

infection.43,44 Protection against severe disease lasts 
significantly longer and decays at a slower rate compared  
to protection against infection.36,45,46 Collectively, 
completing the primary vaccination series provides 
significant benefits despite Omicron’s lower mortality 
and higher immune evasion ability. 

Role of the first booster
Repeated antigen exposures through vaccination 
and infection result in immune response maturation. 
Seven months after the second dose, Omicron variant  
neutralising antibodies were only detected at significant 
levels in 55% of patients, and were markedly lower  
among older adults and men.37,39 The first booster after  
a 2-dose primary mRNA series significantly boosts 
circulating antibody levels, and induces a more 
effective response against Omicron, when compared to 
no booster.37,47-51 In a clinical trial of mRNA boosters,  
Omicron neutralisation (measured by a multiplex  
surrogate virus neutralisation test) increased from  
26.2% to 82.5% 28 days after homologous boosting 
(28.6% to 84.2% for heterologous boosting),39 even  
though neutralisation activity elicited against Omicron is 
still comparatively lower than that against the ancestral  
and Delta variants.48,52-54 Whether boosting with a 
heterologous vaccine to the primary series offers  
significant additional benefits remains unclear.38,39,49,50

The mRNA vaccines are effective at inducing cellular 
immunity, and mRNA boosters significantly increase 
the number of virus-specific memory B- and T-cells.38  
This increase in both humoral and cellular immunity  
by the first booster may account for the 90% lower 
mortality rate in people who received the booster.55  
As such, the evidence for the benefits of the first booster 
is highly compelling for all individuals.

Evidence for the second booster
The role of second boosters on the other hand is more 
complicated. An in vitro study showed that the second 
mRNA booster dose induces broadly neutralising 
antibodies (bNAbs) that are effective against BA.1,  
BA.1.1, BA.2 and BA.3 Omicron subvariants.56 A 
UK clinical trial, COV-BOOST, demonstrated similar 
findings; the second mRNA booster significantly  
increases both cellular and humoral immunity to a level 
that is equal to or exceeds the first mRNA booster and 
is well-tolerated.57 However, there was also evidence  
of limited additional boost from the second booster  
when pre-booster immunity is already high. This was 
particularly evident among individuals with prior  
infection. Crucially, this is not “immune exhaustion” 
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(where pre-existing low immunity cannot be increased 
due to prior vaccinations) but rather an “immune  
ceiling” (a maximum limit to the extent humoral and  
cellular immunity can be boosted). Such ceiling 
effects have also been observed in influenza wherein 
subjects with high pre-vaccination antibody titres do 
not experience significant increase in protection.58 This 
also has to be distinguished from immune tolerance 
where there is modulation in the immune response 
to minimise damage to the host and is also observed 
for influenza vaccines.59-61 Since significant boosting  
can still be induced in subjects with low levels of  
protection and no significant improvement is seen  
when pre-booster immunity is already high, this is 
more likely to be due to the ceiling effect.57 Therefore,  
repeated boosters can offer significant improvement in 
protection if timed when existing immunity has waned. 

A recent observational study in Israel showed that  
while a second mRNA booster provided significant  
increased protection against infection by the Omicron 
variant, this protection peaked at fourth week post-
vaccination and waned thereafter.45,62 Protection against 
severe illness however, is expected to wane more  
slowly, similar to previous studies on the first mRNA 
booster.45 

Another recently published study showed that a  
second booster dose of BNT162b2 vaccine offers strong 
protection against hospitalisation (64%) and deaths 
(72%),63 and a mild-to-moderate protection (34%)  
against infection (Table 1). While this vaccine  
effectiveness is apparently lower than previous reported 
effectiveness for the primary vaccines series (e.g. 
90% for BNT162b2 against hospitalisation or death),64  
change in comparator groups should be recognised, 
where current comparator groups likely have background 
immunity from prior vaccination or infection and are not 
immunologically naive. In addition, with the extremely 
high community prevalence of COVID-19 during  
Omicron waves, a substantial proportion of infected 
individuals are hospitalised with Omicron infection  
rather than because of it (“incidental COVID”). Finally, 
estimates of the effectiveness of boosters have to date 
relied on observational studies, rather than randomised 
clinical trials powered to determine vaccine efficacy. 
Therefore, one must be cautious when comparing  
vaccine efficacy/effectiveness across different studies. 
It would also be prudent to differentiate laboratory  
endpoints, such as neutralisation titres, from clinical 
outcomes that are arguably more meaningful.

Repeated boosters however may incur socioeconomic 
costs that need to be weighed against potential benefits 

when deciding the frequency of boosters. For young 
and healthy individuals, the benefits of a second booster  
may be marginal as demonstrated by a healthcare worker 
study in Israel where vaccine effectiveness against 
symptomatic diseases was only 31–43%.65

For older adults, vaccination and boosters consistently 
provide significant protection.33,34 Data from the US  
Centers for Disease Control and Prevention currently 
indicate that in June 2022, a second booster for people  
over 50 years old decreases risk of COVID-19 mortality  
by a factor of 3 compared to those with a single booster.66  
This is corroborated by a study from Arbel et al., 
demonstrating a substantial reduction in hospitalisation 
and deaths among people aged 60 and older who have 
received 2 boosters compared to those who have only 
received one.67 One possible reason why older adults  
gain more from repeated boosters is the “immune  
ceiling” effect as previously discussed, coupled with the 
observed trend that protection in older adults tends to  
wane faster.68 As such, the evidence for second boosters  
for older adults is stronger compared to the younger 
population.

Overall, current evidence for vaccination including 
boosters of the vulnerable population is strong.  
Nonetheless, any public health policy on vaccination 
should factor in predicted levels of community cases, 
given that such protection wanes over time, and monitor 
closely changes in pathogenicity and virulence of  
dominant circulating strains. Given the lower virulence 
of circulating Omicron subvariants, mandatory repeated 
vaccinations of non-vulnerable populations are not  
supported by currently available evidence. 

Omicron-targeting vaccine strategies
Much work is currently being conducted to develop 
an Omicron-targeting vaccine. A booster matched to 
Omicron spike protein successfully boosted rhesus 
macaques after completion of the 2-dose primary  
vaccine regimen (Table 2).69 However, other Omicron-
targeted vaccine strategies have been less successful;  
these vaccines induced neutralising antibodies in mice 
specific to Omicron but few-to-none against other 
variants.70-73 This corresponds with another study of 
unvaccinated BA.1 convalescent individuals, wherein  
the neutralising antibodies demonstrated lower cross-
reactivity against non-Omicron variants and Omicron  
BA.2, when compared to vaccinated individuals.32 
Interestingly, vaccines targeting Delta-induced neutralising 
antibodies were active against all variants tested in mice70,71 
(Table 2). Collectively, these studies suggest Omicron-
targeting vaccine strategies may be challenging. 
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Table 1. Representative comparison of vaccine effectiveness against SARS-CoV-2 infection across different studies during period of predominant  
Omicron infection

Vaccine dosage Comparator group Population Number of weeks 
since last dose

Reported vaccine 
effectiveness (%)

Reference

BNT162b2 
(Primary)

COVID-negative Adult
(27 Nov 2021 to  

12 Jan 2022) 

2–4 65.5 68

>25 8.8

BNT162b2 
(First booster, primary:
ChAdOx1 nCoV-19)

2–4 62.4

>10 39.6

mRNA-1273
(First booster, primary:
ChAdOx1 nCoV-19)

2–4 70.1

5–9 60.9

mRNA-1273
(First booster, primary:
ChAdOx1 nCoV-19)

2–4 73.9

5–9 64.4

BNT162b2 
(Second booster)

BNT162b2
(First booster)

Long-term care 
facility resident

(10 January 2022 to  
31 March 2022) 

>1 34 63

Superscript reference numbers: Refer to REFERENCES

Bivalent and multivalent vaccines
There has been modest success in the development of  
pan-variant vaccines and these target antigens from 
multiple SARS-CoV-2 variants (Table 3). For example,  
a trivalent vaccine developed by combining the  
Sinopharm HB02 antigen, and Delta- and Omicron-
targeting antigens, could induce bNABs in mice against 
all variants tested including HB02, Beta, Delta and 
Omicron.74 Likewise, another trivalent vaccine targeting 
ancestral, Beta and Delta spike proteins induced the 
production of bNABs in mice against all COVID-19 
variants tested.75 The vaccine candidates most advanced  
in the development pathway are from Moderna and 
Pfizer-BioNTech.

As part of the ongoing COVE clinical trial  
(NCT04927065), Moderna has been developing bivalent 
vaccines targeting various COVID-19 variants. Their 
bivalent vaccine combining the currently approved 
mRNA-1273 vaccine antigen with an Omicron BA.1-
targeting antigen induced high titres of bNABs against  
all COVID-19 variants and Omicron subvariants tested 

(BA.4/BA.5).76 Interestingly, their bivalent vaccine 
utilising Beta-targeting antigen instead of Omicron 
also showed similar effectiveness.77 Both vaccines  
have similar safety profiles as the currently approved 
Moderna vaccine.76,77 

Pfizer/BioNTech has also been able to develop their 
version of a bivalent vaccine that targets the ancestral  
variant and BA.4/BA.5;78 it was reported to successfully 
neutralise all strains including various Omicron  
subvariants (BA.1, BA.2, BA.2.12.1, and BA.4/5).  
Another bivalent vaccine targeting the ancestral strain  
and BA.1, administered as a 2-dose primary series in  
mice, also successfully neutralised all strains tested. 
However, when used as a first booster, the neutralisation 
activity was reduced against BA.4 and BA.5. Given 
their success in animal models, it is unsurprising that 
both Moderna and Pfizer’s bivalent vaccines have been  
approved in some countries under emergency use. As  
more countries around the world authorise the use of  
these next-generation vaccines, it is hoped that  
subsequent broader protection can reduce the pool 
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Table 2. Summary of neutralisation assay results of COVID-19 variant-targeting vaccine studies 

Vaccine target Vaccine regimen Population Test target Resulta Reference

mRNA-1273 2-dose primary series  
taken 4 weeks apart

Rhesus 
macaques

Ancestral Neutralising 69

Beta Neutralising

Delta Neutralising

BA.1 Neutralising

Beta Ancestral Neutralising

Beta Neutralising

Delta Neutralising

BA.1 Neutralising

BA.1 Ancestral Neutralising, lower than BA.1 test target

Beta Neutralising, lower than BA.1 test target

Delta Neutralising, lower than BA.1 test target

BA.1 Neutralising

mRNA-1273 First booster taken 35 weeks 
since last dose of 2-dose primary 

series mRNA-1273

Ancestral Successfully boosted

Beta Successfully boosted

Delta Successfully boosted

BA.1 Successfully boosted

BA.2 Successfully boosted

BA.1 Ancestral Successfully boosted

Beta Successfully boosted

Delta Successfully boosted

BA.1 Successfully boosted

BA.2 Successfully boosted

Ancestral 2-dose primary series 
 taken 2 weeks apart

Mice Ancestral Neutralising 70

Beta Neutralising

Delta Neutralising

Omicron Low neutralisation

Delta Ancestral Neutralising

Beta Neutralising

Delta Neutralising

Omicron Neutralising

Omicron Ancestral Failed to neutralise

Beta Failed to neutralise

Delta Failed to neutralise

Omicron Neutralising

Delta-Omicron hybrid Ancestral Low neutralisation

Ann Acad Med Singap Vol 51 No 11 November 2022 | annals.edu.sg

The Omicron-transformer—Travis Ren Teen Chia et al. 719



Table 2. Summary of neutralisation assay results of COVID-19 variant-targeting vaccine studies (Cont’d)

Vaccine target Vaccine regimen Population Test target Resulta Reference

Beta Low neutralisation

Delta Low neutralisation

Omicron Neutralising

Ancestral 2-dose primary series  
taken 2 weeks apart

Mice Ancestral Neutralising 71

Alpha Neutralising

Beta Neutralising

Omicron Failed to neutralise

Beta Ancestral Neutralising

Alpha Neutralising

Beta Neutralising

Omicron Failed to neutralise

Delta Ancestral Neutralising

Alpha Neutralising

Beta Neutralising

Delta Neutralising

Omicron Neutralising

Omicron Ancestral Failed to neutralise

Delta Failed to neutralise

Omicron Neutralising

Beta First booster taken 7 weeks after 
last dose of 2-dose primary series 

targeting Delta variant

Delta Failed to boost

Omicron Failed to boost

Delta Delta Successfully boosted

Omicron Successfully boosted

Omicron Delta Failed to boost

Omicron Failed to boost

Ancestral 2-dose primary series  
taken 2 weeks apart

Mice Ancestral Neutralising 72

Delta Neutralising

Omicron Low neutralisation

Omicron Ancestral Failed to neutralise

Delta Failed to neutralise

Omicron Neutralising

Ancestral 2-dose primary series  
taken 2 weeks apart

Mice Ancestral Neutralising 73

Alpha Neutralising

Beta Neutralising
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Table 2. Summary of neutralisation assay results of COVID-19 variant-targeting vaccine studies (Cont’d)

Vaccine target Vaccine regimen Population Test target Resulta Reference

Gamma Neutralising

Delta Neutralising

BA.1 Low neutralisation

BA.1 Ancestral Failed to neutralise

Alpha Failed to neutralise

Beta Low neutralisation

Gamma Low neutralisation

Delta Failed to neutralise

BA.1 Neutralising

Ancestral First booster taken 2 weeks after 
last dose of 2-dose primary series 

targeting ancestral variant

Ancestral Neutralising

Alpha Neutralising

Beta Neutralising

Gamma Neutralising

Delta Neutralising

BA.1 Low neutralisation

BA.2 Low neutralisation

BA.1 Ancestral Neutralising

Alpha Neutralising

Beta Neutralising

Gamma Neutralising

Delta Neutralising

BA.1 Neutralising

BA.2 Neutralising

BA.1 First booster taken 2 weeks after 
last dose of 2-dose primary series 

targeting BA.1 subvariant

Ancestral Failed to neutralise

Alpha Neutralising

Beta Neutralising

Gamma Neutralising

Delta Low neutralisation

BA.1 Neutralising

BA.2 Neutralising

Ancestral 2-dose primary series  
taken 3 weeks apart

Mice Ancestral Neutralising 78

Beta Neutralising

Delta Neutralising
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Table 2. Summary of neutralisation assay results of COVID-19 variant-targeting vaccine studies (Cont’d)

Vaccine target Vaccine regimen Population Test target Resulta Reference

BA.1 Low neutralisation

BA.4/5 Low neutralisation

BA.1 Ancestral Low neutralisation

Beta Low neutralisation

Delta Low neutralisation

BA.1 Neutralising

BA.4/5 Neutralising

Ancestral First booster taken 104 days 
since 2-dose primary BNT162b2

Ancestral Successfully boosted

BA.1 Lower boosting

BA.2 Lower boosting

BA.2.12.1 Lower boosting

BA.4/5 Lower boosting

BA.1 Ancestral Successfully boosted

BA.1 Successfully boosted

BA.2 Lower boosting

BA.2.12.1 Lower boosting

BA.4/5 Lower boosting

BA.4/BA.5 Ancestral Successfully boosted

BA.1 Successfully boosted

BA.2 Successfully boosted

BA.2.12.1 Successfully boosted

BA.4/5 Successfully boosted

a Neutralisation levels refer to ID50 values against target variant. Boosting levels mean neutralisation levels to target variant were compared before and 
after boosting.
Superscript reference numbers: Refer to REFERENCES

of infected populations and thus reduce the speed at  
which SARS-CoV-2 evolves. 

Third-generation vaccines
For the future, third-generation vaccines focusing on a 
pan-sarbecovirus rather than a pan-variant vaccine are 
in the initial stages of development. The sarbecovirus 
subgenus includes SARS-CoV-1, SARS-CoV-2, and  
other closely related viruses that have to date only been 
detected in animals. Pan-sarbecovirus neutralising 
antibodies have been detected in COVID-19 vaccinated 
SARS-CoV-1 survivors from Singapore, and are 
undergoing further characterisation.79 Although there 

are some early suggestions that BA.4 and BA.5 might  
be able to evade pan-sarbecovirus antibodies,26 it is  
hoped that enough humoral and cellular protection  
could be provided by such vaccines to offer stronger, 
broader, and more long-lasting protection against future 
COVID-19 variants and other emerging sarbecoviruses.

Another possible direction that these third-generation 
vaccines could take includes mucosal vaccines for 
COVID-19.42 Similar vaccines are already in use 
for other respiratory pathogens such as influenza A  
viruses80 and there are groups developing a nasal spray 
vaccine for COVID-19.81-83 For instance, the interim 
review of the Patria study (NCT04871737) on the  
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Table 3. Summary of results of bivalent and multivalent vaccine studies using neutralisation assay 

Vaccine target Vaccine regimen Population Test target Resulta Reference

Delta-Omicron 
bivalent

2-dose primary series 
taken 2 weeks apart

Mice Ancestral Neutralising 70

Beta Neutralising

Delta Neutralising

Omicron Neutralising

Ancestral-Omicron 
bivalent

Three doses of the  
same vaccine in  
2-week intervals

Mice Ancestral Neutralising 73

Alpha Neutralising

Beta Neutralising

Gamma Neutralising

Delta Neutralising

BA.1 Neutralising

BA.2 Neutralising

Ancestral-Omicron 
bivalent

Second booster taken 
~134–136 days (median) 
since first booster, 2-dose 

primary series and  
first booster are all 

mRNA-1273

Humans
(Excludes those  

with SARS-CoV-2 
infection within  

3 months)

Ancestral Non-inferior boosting to  
mRNA-1273 booster

76

COVE
(NCT04927065)

Alpha Significantly higher boosting to  
mRNA-1273 booster

Beta Significantly higher boosting to  
mRNA-1273 booster

Gamma Significantly higher boosting to  
mRNA-1273 booster

Delta Significantly higher boosting to  
mRNA-1273 booster

BA.1 Superior boosting to  
mRNA-1273 booster

BA.4/BA.5 Successfully boosted

Ancestral-Beta 
bivalent

First booster taken  
~8.8–-9.8 months since 

2-dose primary  
mRNA-1273 series

Humans  
(Excludes those with 
prior SARS-CoV-2 

infection)

Ancestral Superior boosting to  
mRNA-1273 booster

77

COVE
(NCT04927065)

Beta Superior boosting to  
mRNA-1273 booster

Delta Superior boosting to  
mRNA-1273 booster

Omicron Superior boosting to  
mRNA-1273 booster

Ancestral 2-dose primary series 
taken 3 weeks apart

Mice Ancestral Neutralising 74

Beta Low neutralisation

Delta Neutralising
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Table 3. Summary of results of bivalent and multivalent vaccine studies using neutralisation assay (Cont’d)

Vaccine target Vaccine regimen Population Test target Resulta Reference

Ancestral-Delta 
bivalent

Ancestral Neutralising

Beta Neutralising

Delta Neutralising

BA.1 Low neutralisation

Ancestral-Beta-
Delta trivalent

Ancestral Neutralising

Beta Neutralising

Delta Neutralising

Ancestral-BA.1 
bivalent

Ancestral Neutralising

Beta Neutralising

Delta Neutralising

BA.1 Neutralising

Ancestral-Delta-
BA.1 trivalent

Ancestral Neutralising

Beta Neutralising

Delta Neutralising

BA.1 Neutralising

Ancestral-Beta-
Delta-BA.1 
tetravalent

Ancestral Neutralising

Beta Neutralising

Delta Neutralising

BA.1 Neutralising

Ancestral 2-dose primary series 
taken 3 weeks apart

Mice Ancestral Neutralising 75

Beta Low neutralisation

Delta Neutralising

Omicron Failed to neutralise

Delta Ancestral Low neutralisation

Beta Low neutralisation

Delta Neutralising

Omicron Low neutralisation

Ancestral-Delta 
bivalent

Ancestral Neutralising

Beta Low neutralisation

Delta Neutralising

Omicron Low neutralisation

Ancestral-Beta-
Delta trivalent

Ancestral Neutralising
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Table 3. Summary of results of bivalent and multivalent vaccine studies using neutralisation assay (Cont’d)

Vaccine target Vaccine regimen Population Test target Resulta Reference

Beta Neutralising

Delta Neutralising

Omicron Neutralising

Ancestral-Beta-
Gamma-Delta 
tetravalent

Ancestral Neutralising

Beta Neutralising

Delta Neutralising

Omicron Neutralising

Ancestral-BA.1 
bivalent

2-dose primary series 
taken 3 weeks apart

Mice Ancestral Neutralising 78

Beta Neutralising

Delta Neutralising

BA.1 Neutralising

BA.4/5 Neutralising

Ancestral-BA.1 
bivalent

First booster taken 1 
month since 2-dose 
primary BNT162b2

Ancestral Successfully boosted

BA.1 Less boosting compared to  
ancestral target

BA.4/5 Less boosting compared to BA.1 
target

Ancestral Second booster taken 
~6.3 months (median) 

since first booster, 
2-dose primary series 

and first booster are all 
BNT162b2

Humans BA.1 Successfully boosted

BA.4/5 Less boosting compared to BA.1 
target

Ancestral-BA.1 
bivalent

BA.1 Superior boosting to BNT162b2 
booster

BA.4/5 Less boosting compared to BA.1 
target

Ancestral-BA.4/5 
bivalent

First booster taken 
104 days since 2-dose 
primary BNT162b2

Mice Ancestral Successfully boosted

BA.1 Successfully boosted

BA.2 Successfully boosted

BA.2.12.1 Successfully boosted

BA.4/5 Successfully boosted

a Neutralisation levels refer to ID50 values against target variant. Boosting levels mean neutralisation levels to target variant were compared before and 
after boosting. If another vaccine is mentioned, it means that vaccine was used as a comparator. Superiority and non-inferiority mentioned here refers to 
pre-specified analysis as part of a clinical trial.
Superscript reference numbers: Refer to REFERENCES

Ann Acad Med Singap Vol 51 No 11 November 2022 | annals.edu.sg

The Omicron-transformer—Travis Ren Teen Chia et al. 725



usage of a nasal spray vaccine in Mexico found it  
to be safe and immunogenic when followed by an 
intramuscular dose.84 Given that mucosal surfaces are 
often the first point of contact between SARS-COV-2 
viral particles and host cells, a strong mucosal immunity 
may prevent infection.40,42 These mucosal vaccines 
may cover a gap, as some studies have indicated that 
the BNT162b2 vaccine does not significantly boost  
mucosal immunity.41 This may also account for why 
current available vaccines are much better at preventing 
severe illness than infection.36,45,46 Inducing strong  
mucosal immunity in addition to systemic immunity  
may provide better protection against COVID-19 
infections and moderate subsequent transmission. 
Reducing COVID-19 transmission would better protect 
the unvaccinated population in the community.

These strategies for the third-generation vaccines are 
not mutually exclusive; mucosal vaccines still require 
a spike protein target42 and can utilise a multivalent or 
even pan-sarbecovirus targeting strategy.79 Furthermore, 
varying the administration route may provide better 
overall protection and warrants further investigation.84 
Nonetheless, a multipronged approach to the development  
of future COVID-19 vaccines would be important not  
only as COVID-19 transitions to endemicity, but also to 
reduce the risk of future pandemics with new emerging 
sarbecoviruses.

Clinical implications of the available evidence
Drawing a firm conclusion on the optimal COVID-19 
vaccine booster strategy is limited by evolving evidence 
and variants. The following statements reflect the  
authors’ opinion and are in line with the Singapore  
Ministry of Health guidance:
1.	 Unvaccinated individuals should be vaccinated with 

any of the available licensed COVID-19 vaccines, 
regardless of COVID-19 infection history.

2.	 For individuals fully vaccinated with the primary  
series and first booster, who have no history of 
COVID-19, a second booster should be offered 
based on the individual’s risk of severe illness.  
Risk factors include older age or comorbid  
conditions including diabetes, hypertension,  
chronic heart or lung disease, and active cancer. In  
this uninfected group, administration of bivalent 
vaccines that include an Omicron component (of 
whichever subvariant) is preferable. For individuals 
assessed to be at low risk, there is likely to be 
limited benefit from an early second booster.  
Annual vaccination (similar to influenza) may 
be optimal to re-boost the immune system after  
antibody waning.

3.	 For fully vaccinated individuals (both the primary  
series and first booster) who have a history of  
COVID-19 in the past year, protection against 
severe illness due to Omicron is likely to be high. 
In this population, early booster doses are unlikely 
to offer significant benefit, except in high-risk 
individuals, including older adults and those with 
immunocompromising conditions. The frequency of 
repeated boosters that will be required is uncertain. 
Again, annual vaccination may be beneficial, but in 
low-risk individuals, the immune effects of infection 
should not be ignored, and re-vaccinating one year  
from either last vaccine dose or infection is  
reasonable. This suggestion may evolve if new  
variants emerge with different virulence or immune 
evasion characteristics.

CONCLUSION
With high levels of “hybrid” immunity from vaccination  
and/or prior infection among much of the world’s  
population, rates of severe illness and death are expected  
to continue to decline. Nevertheless, maintaining high  
levels of population immunity through vaccination  
remains a key tool for moderating the effects of the  
pandemic. Current vaccine candidates that are most  
advanced in clinical trials (and approved in some  
countries like Singapore) are bivalent and multivalent 
vaccines targeting more than one variant at once,70,74-77  
and these are hoped to offer broader and sustained  
protection against SARS-CoV-2 infection. As the 
COVID-19 pandemic transitions to endemicity,85 it is 
important that vaccine formulations as well as public 
health policy continue to adapt and evolve with the  
virus to reduce morbidity, mortality and the public  
health burden of this disease.
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Unsafe abortion is a global health issue as it is a key 
preventable cause of maternal mortality. It has been 
estimated that up to 13% of maternal deaths per year  
are due to unsafe abortions.1 Women in developing 
countries make up 97% of all unsafe abortions and more  
than 50% of unsafe abortions occur in conservative 
societies in Asia and Africa.2 Fortunately, maternal 
mortality has been steadily decreasing, which can be 
attributed to several factors. One is the legalisation 
and normalisation of abortion, whereby access to safe  
abortion services and contraception reduces maternal 
mortality.² In 1996, when abortion was legalised in  
South Africa and safe abortion services established, 
maternal mortality dramatically dropped from an  
estimated 425 deaths per 1,000 abortions before the 
legislation to 32 deaths per 1,000 abortions in 1998.3 

Abortion in Singapore has been legal since 1970, with 
the abortion act of 1969 instituted to protect women 
against the dangers of illegal abortions.4 According to 
the Termination of Pregnancy Act, there is no defined 
minimum or maximum age for the abortion procedure  
in Singapore and there is no legal requirement for  
parental consent for minors (under 16 years of age). 
Abortion is prohibited after 24 weeks of pregnancy  
unless the mother’s life is in danger.5 At present,  
abortion care is easily accessible and available in both 
public and private hospitals. While there have been 
occasional calls for a reduction in access to abortion 
services, the Association of Women for Action and 
Research, a Singapore women’s rights and gender  
equality advocacy group, has strongly advocated for 
abortion care. 

Roe v Wade was a landmark ruling of the US  
Supreme Court in 1973, which led to legalisation of 
abortion across all its states.6 In June 2022 however,  
the Supreme Court ruled in favour of Mississippi’s ban 
on abortions after 15 weeks of pregnancy, allowing 
states to ban abortions again.7 Subsequently, access to 
abortions in medical clinics has been dwindling, with 
evidence showing that Americans have been performing 
self-abortions and abortions outside the medical setting.7 
Self-managed abortions are not new, dating back centuries 

involving physical and non-physical methods such as 
botanicals, and later misoprostol. An evolving concept of 
self-managed abortions in a safer environment is the use 
of online telemedicine to provide abortion medications to 
women seeking an abortion.8 This contemporary method 
of medical abortions via telemedicine has been offered 
since 2008,9 but has drawn greater attention recently due 
to the COVID-19 pandemic,10 and with the permanent 
allowance of mail-order abortion pills approved by the 
US Food and Drug Administration (FDA) in 2020. 

Considering the recent proceedings in the US Supreme 
Court, there is warranted concern that maternal  
morbidity and mortality attributed to unsafe abortions  
will increase as access to abortions in medical clinics 
becomes restricted. However, if mail-to-order abortion 
pills remain available, this potentially could provide a 
safe alternative.

Implications of banned abortions
When obstacles to abortion exist, women usually find  
ways to circumvent the law. Prior to 2019, Ireland  
possessed one of the most restrictive abortion laws  
in the world, much like the circumstances in South  
Africa in the early 1990s. This resulted in maternal 
mortalities due to complications surrounding delayed 
medical termination. In addition, travelling across 
the border for an abortion became commonplace. For 
example, Mexico City in Mexico is the only state 
where abortion is available on request in the country, 
while in Chile, women travel to a Peruvian city where 
abortions are legal.2 However, factoring in the additional 
cost of travel, travel experience and subsequent post-
abortion care, women struggling financially become  
disadvantaged. An alternative cheaper method to avoid 
the abortion laws would then be procuring abortifacient 
medications via informal networks. With non-approved 
prescribed abortifacient medications and lack of post-
abortion care, it is not surprising that unsafe abortions  
with related maternal mortality occur in developing 
countries or to those who are socially disadvantaged.

With more restrictive abortion legislation, changes 
in the number of abortions and maternal deaths are 
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most concerning. For instance, Romania implemented 
a more restrictive abortion law in 1966. The number of  
abortion-related deaths climbed rapidly from 20 per 
100,000 livebirths in 1965 to almost 100 in 1974, and 
150 in 1983. When abortions were legalised again in 
December 1989, the abortion-related maternal mortality 
fell by 67% in the first year to approximately 60 per 
100,000 livebirths.11

Safety of telehealth and mail-order abortions
Anxiety around potentially reduced access to in-clinic 
abortions due to alterations in legislation could shift 
abortion to telemedicine and mail-order abortion pills. 
In 2021, FDA permitted access to abortion pills via mail. 
As a large proportion of early abortions are performed 
medically,12 it is only prudent to evaluate the safety  
profile of telehealth and mail-order abortions. Medical 
abortions with mifepristone and misoprostol are 
an established safe option for the termination of  
pregnancies. Success rates reach 99% with more than  
95% of women successfully ending their pregnancy 
without surgical intervention. The large body of  
evidence around medical abortions displays adversity 
secondary to abortifacient medications to be minimal.

Specifically for mail-to-order abortion, a study in US 
revealed that 99% of women were satisfied with this 
method.13 When comparing abortions provided through 
telemedicine versus in-person consultations, there were 
no differences in adverse outcomes.8,9,13 This is further 
substantiated by the UK Royal College of Obstetrics 
and Gynaecology, which has supported gestational age 
calculation of a pregnancy based on the woman’s last 
menstrual period for telemedicine abortions up until 
10 weeks’ gestation, without the need for pre-abortion 
ultrasound assessments.14 A study in Scotland exhibited 
high rates of complete abortion accompanied by low  
rates of complications and unscheduled medical  
contact.15 As recommended by the World Health 
Organization (WHO), if the necessity of a pre-abortion 
ultrasound is negated, this potentially expands the  
range of healthcare providers offering medical abortion 
and thus post-abortion care. Perhaps more importantly, 
telehealth abortions have been found to be more 
affordable,16 potentially targeting families suffering  
from financial hardships and who are at risk of not  
seeking conventional medical care, and maternal  
mortality. A study in the UK discovered that early 
medical abortions routinely performed at home through 
telemedicine could lead to healthcare savings of GBP3 
million per year.17 The mere convenience of this method 
has resulted in its high patient satisfaction rates. The 

advantages of telehealth are multifold in terms of safety, 
convenience and affordability.

Given the comparable efficacy, safety and patient 
satisfaction rates, mail-to-order abortion should be 
an alternative option. Advantages from an individual 
perspective include privacy as the women can have an 
abortion in the anonymity of their own home. From a 
cost-effectiveness standpoint, the ability to omit a pre-
abortion ultrasound can save healthcare costs and time.17 
Lastly, in the context of the pandemic, having mail-order 
abortions ensures there is equity of abortion care for all 
who need it globally even in more remote areas. 

It must be recognised that mail-order abortions  
currently remain safe for first-trimester abortions. 
Therefore, the limitation of this method is that from 
the second trimester onwards, mail-order abortions as 
an option will no longer exist and patients will require 
inpatient medical care. In addition, managing post- 
abortion care from home hinges on a reliable telephone, 
internet connectivity or a fixed home mailing address, 
and not all who prefer home abortions will have access 
to or be able to seek help should there be any post-
abortion complications.18 Patients who had not done  
pre-abortion ultrasounds were however more likely  
to seek post-treatment care and opt for procedural 
interventions including dilation and curettage, although 
there was no difference in rates of hospitalisation,  
ongoing pregnancies or blood transfusions.19 Safety  
nets around sexual assaults and sexually transmitted 
infections should also ideally be assessed prior to 
individuals obtaining abortion pills. These additional 
vulnerabilities may be more common in women seeking 
telemedicine or telehealth due to stigmatisation.20 In 
the Singapore context, given its small geographic size, 
healthcare accessibility is less of an issue.  

Contraceptive awareness
Primary prevention of unwanted pregnancies is important, 
and awareness of reliable contraception should be  
raised. The improvement in maternal mortality  
secondary to abortions is not merely due to legislation 
around abortion, but in part due to family-planning 
initiatives that reduce the incidence of unwanted 
pregnancies, and access to medical care in life- 
threatening situations.2 In the US, women living in 
states with low abortion access were more likely to 
use highly effective contraception if this was available 
(relative risk ratio 1.4). Time-sensitive emergency 
contraception including ulipristal acetate is available 
over the counter in certain countries. There is rising 
concern that along with more restrictive abortion laws, 
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the availability of contraception may change. Perhaps 
the scope of telemedicine should be extended to 
contraception counselling and provision, to further increase  
affordability and accessibility.

Conclusion
An estimated 56 million abortions occur globally 
per year, with up to 25% of pregnancies ending in  
abortions.2 When unsafe abortions are a preventable 
cause of maternal mortality, the morbidity and mortality 
surrounding unsafe abortions highlight social inequity. 
The significance is underscored by WHO, which defines 
reproductive health as not only the ability to reproduce, 
but also the freedom to decide if, when and how often to 
do so.21 Given the stark differences between the political 
landscape in the US and Singapore, the overturning 
of Roe v Wade is unlikely to significantly change the 
abortion legislation or care in Singapore. With the  
greater establishment of telemedicine during the  
COVID-19 pandemic specifically for mail-to-order 
abortion pills, this could offer a cost-effective and 
safe alternative to providing healthcare in the future. 
Vulnerabilities around sexually transmitted infections 
and sexual assault may be challenging to ascertain 
through telemedicine, but its use could potentially be 
a promising option for the provision of care to women 
of all demographics and socioeconomic status seeking 
contraception and mail-order abortions.
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Self-sampling HPV DNA test for cervical cancer screening in Singapore:  
A prospective study

LETTER TO THE EDITOR

Dear Editor, 
Cervical cancer is known to be the most preventable 
malignancy through both vaccination and screening. 
However, it remains the tenth most common cancer 
among women in Singapore. Cervical cancer screening  
is opportunistic in Singapore and only 1 in 2 women 
undergo regular screening in Singapore.1 Under- 
screened women are at the highest risk of cervical 
cancer, and reasons for poor compliance include fear, 
discomfort and a busy schedule.2 The superiority of  
human papillomavirus (HPV) DNA test compared to 
cytology screening in detecting pre-invasive cervical 
disease has been well-established due to its higher 
sensitivity,3,4 resulting in the shift to HPV primary  
screening in Singapore in 2019.5 The self-sampling  
method of HPV testing has been mooted as a potential 
strategy to address the issue of poor compliance to  
cervical cancer screening. International studies have  
shown a high level of concordance between self- and 
physician-sampling for the detection of HPV DNA,6,7 
with strong evidence for women’s acceptability for  
self-sampling.8 

The primary aim of the study is to establish the 
acceptability of self-sampling for cervical cancer  
screening among women attending gynaecological care  
at a tertiary hospital. Our secondary aim is to compare  
the concordance between the self-sampling and  
physician-sampling methods. To our knowledge, there  
has been no study on HPV self-screening in Singapore. 
This study would have a considerable impact on future 
national screening policies that could increase cervical 
cancer screening uptake by introducing an accessible 
method to the under-screened population in Singapore. 

This was a prospective, randomised crossover study of 
300 women attending gynaecology clinics in National 
University Hospital, Singapore, carried out from 
April 2019 to September 2020 (online Supplementary 
Fig. S1). Ethical approval had been obtained from 
the Domain Specific Review Board (Reference: 
2018/00846-SRF0002). The study was registered with 
ClinicalTrials.gov (identifier: NCT03813576). The 
inclusion criteria were all women aged 30–69 years 
who were scheduled to attend cervical screening. The 
exclusion criteria were women who are pregnant,  

with previous total hysterectomy, previous history of  
cervical cancer, currently menstruating, virgo intactas  
and women with recent negative cervical cancer 
screening. We utilised a crossover trial design. 
Participants were randomised into 2 groups in a 1:1 
ratio, with the first arm undergoing the HPV self-
sampling before physician-sampling and the second 
arm in the reverse sequence. All self-sampling  
and physician-collected swabs were processed using  
the Cobas 6800 HPV assay (Roche Diagnostics 
International AG, Rotkreuz, Switzerland). After their 
experience, participants completed a questionnaire 
to assess their acceptability of self-sampling. The  
participants’ clinical management was not affected by 
the study.

The sample size was calculated based on the number 
of women aged 30–69 in Singapore’s population (as 
of June 2017), using G*Power. All data were analysed  
using SPSS version 20.0 (SPSS Inc, Chicago, US). 
Descriptive analyses were done on the survey data,  
while the agreement of self- and physician-collected 
specimens were assessed using Cohen’s kappa (κ). The 
95% confidence interval (CI) was estimated for κ. We 
also calculated sensitivity and specificity with 95%  
CIs between the 2 sampling methods.

Table 1 summarises the participants’ preferences 
regarding the type of HPV sampling method, as well 
as the performance of HPV self-sampling method in 
cervical cancer screening. The majority of participants 
found self-sampling easy to perform (79%) with only 
minimal discomfort (89%). Most participants preferred 
self-sampling (84%) over physician-sampling (13%),  
and among those who preferred self-sampling, 86% 
expressed that they would prefer to perform the self-
sampling at home rather than a clinic (14%). If given  
the option of self-sampling in the future, 90%  
expressed that they were more likely to participate in 
cervical cancer screening. About half of the participants 
also expressed willingness to pay for the self-sampling 
swab (51%).

A total of 60/300 (20.0%) self-collected samples and 
63/300 (21.0%) of physician-collected samples tested 
positive for high-risk HPV. Two hundred and seventy-
seven (92.3%) of 300 self-sampling test results were in 

Ann Acad Med Singap 2022;51:733-5
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Table 1. Study participants preferences regarding the 2 sampling collection methods and the performance of human papillomovirus self-sampling method 
in cervical cancer screening

Yes
No. (%)

No
No. (%)

Not sure
No. (%)

Do you think that cervical cancer screening is valuable? 286 (95.3) 6 (2.0) 8 (2.7)

Have you had any cervical cancer vaccinations? 41 (13.7) 236 (78.7) 23 (7.7)

Have you ever had a PAP test? 287 (95.7) 12 (4.0) 1 (0.3)

Have you ever used tampons? 93 (31.0) 207 (69) 0 (0)

Have you ever smoked? 58 (19.3) 242 (80.7) 0 (0)

Patient experience on HPV self-sampling

Strongly 
disagree
No. (%)

Disagree
No. (%)

Neutral
No. (%)

Agree
No. (%)

Strongly 
agree

No. (%)

Did you find it difficult to conduct? 3 (1.0) 11 (3.7) 50 (16.7) 104 (34.7) 132 (44.0)

Did you find the process uncomfortable? 194 (64.7) 74 (24.7) 22 (7.3) 4 (1.3) 6 (2.0)

Did you feel anxious during the procedure? 83 (27.7) 35 (11.7) 99 (33.0) 18 (6.0) 6 (2.0)

Did you feel embarrased during the procedure? NA 157 (52.3) 68 (22.7) 16 (5.3) NA

Did you find the process unpleasant? 141 (47.0) 19 (6.3) 66 (22.0) 12 (4.0) 3 (1.0)

Patient preferences on future cervical cancer screening

Self-sampling  
at home
No. (%)

Self-sampling 
at health centre

No. (%)

Physician-
sampling
No. (%)

Does not  
matter

No. (%)

Where and how would you prefer to conduct your cervical 
cancer screening?

217 (72.3%) 36 (12.0%) 39 (13.0%) 8 (2.7%)

Yes
No. (%)

No
No. (%)

Not sure
No. (%)

Are you likely to participate in future cervical cancer 
screening if you have the option of self-sampling?

271 (90.3) 29 (9.7) 0

Would you be willing to pay for cervical cancer screening 
by self-sampling?

153 (51.0) 88 (29.3) 59 (19.7)

Performance of HPV self-sampling method in cervical cancer screening

Value (%) 95% confidence interval

Specificity 94.6 90.9–97.1

Sensitivity 83.3 71.5–91.7

Positive predictive value 79.4 69.1–86.9

Negative predictive value 95.8 92.8–97.6

Accuracy 93.3 88.7–95.1

Cohen’s kappa, κ 0.77, P<0.001 0.67–0.86

HPV: human papillomavirus; NA: not applicable
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concordance with the physician-collected samples, with 
discordant results observed in only 23 samples (7.7%). 
The sensitivity and specificity of the self-sampling tests  
were 83.3% 95% CI, 71.5–91.7) and 94.6% (95%  
CI 90.9–97.1), respectively. Concordance analysis 
engendered a kappa of 0.77) (95% CI 0.67–0.86,  
P<0.001), presenting a substantial agreement between 
the results of the physician-collected and self-collected 
samples. 

From our study, it was evident the acceptability of  
the self-sampling swab by the participants was high 
as the majority found it easy to perform with minimal 
discomfort, anxiety and embarrassment. Our study 
also showed substantial agreement between the results 
from the self-sampling and physician-sampling tests,  
as corroborated by international meta-analysis.

HPV self-sampling is a potential intervention that  
can increase cervical cancer screening uptake by 
overcoming barriers such as fear, discomfort and the 
inconvenience of visiting a health centre for screening. 
A randomised clinical trial conducted in the US targeting 
the under-screened population showed that mailing 
HPV kits increased screening uptake compared to usual 
care reminders for in-clinic screening.9 This was also 
reflected in our study where the women were more  
likely to participate in screening if the self-sampling  
method was available. The next step moving forward 
would be to assess the acceptability of HPV self- 
sampling among women in the community setting. 

In view of its high efficacy and acceptability,  
countries such as Australia and the Netherlands have 
incorporated HPV self-sampling into their national 
screening programmes in a move to increase screening 
uptake. Results from our study are encouraging, and 
this could pave the way for Singapore to incorporate 
self-sampling into the national screening programme. 
Increasing screening uptake is one of the 3-pronged 
approaches identified by the World Health Organization  
to achieve the ultimate goal of eradicating cervical  
cancer.10 It is our hope that incorporating a self-sampling 
test would help us move closer to that goal.
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Early rehabilitation to improve functional outcomes in  
childhood cancer in Singapore

LETTER TO THE EDITOR

Dear Editor,
We conducted a prospective, single-centre cohort study 
to review the impact of a multidisciplinary rehabilitation 
programme in children with cancer in Singapore. The 
Template for Intervention Description and Replication 
(TIDieR) checklist was used to allow sufficient details 
for replication of the study (see Appendix in online 
Supplementary Material).1 The study was funded by 
Children’s Cancer Foundation, a Singapore charity.

In Singapore, there were 720 cases of childhood  
cancer (below 19 years) between 2013 and 2017, with 
an incidence rate of 17 per 100,000 population.2 With 
the advent of targeted medical therapy, childhood  
cancer survivorship has been reported at 80% in  
Singapore.3 Along with the improved survival rate, 
the long-term side effects of cancer treatment—for  
instance, reduced physical functioning, self-esteem and 
quality of life4-6—are becoming all the more pertinent to 
understanding the true burden of the disease.4 

There are limited studies exploring the impact of a 
multidisciplinary approach on functional outcomes 
in children with cancer in the acute setting. A 2-week  
intensive multidisciplinary programme in the acute  
setting found significant gains in function with no  
adverse effects.7 A scoping review of 12 studies supports  
the feasibility of physiotherapy intervention for  
childhood cancer; however, the current evidence is not 
yet at a level to inform clinical practice.8 

We recruited Singapore citizens and permanent  
residents, aged 2 to 17 years, who were newly diagnosed 
with cancer from March 2017 through November 2020. 
Children with relapsed cancer were excluded. As part 
of this new programme, baseline functional status  
was assessed one working day after their confirmed 
diagnosis. This contrasted with the usual practice of 
a physician-directed referral for rehabilitation only 
when a deficit was noticed. The assessments were 
conducted by registered allied health professionals (for 
example, physiotherapists) accredited to administer the  
Functional Independence Measure for Children  
(WeeFIM), and the Goal Attainment Scale (GAS).  
The WeeFIM and GAS were subsequently repeated  
at 3, 6, 9 and 12 months. Following the baseline  
assessment, children participated in an individualised 
programme based on their needs. This included one or 
more of the following: music, occupational, physio- 

and speech therapy. The aim of therapy was to return  
children to their premorbid status and address any 
developmental delay or impairment. The interventions 
were conducted in person by the respective disciplines 
either in the inpatient or outpatient setting, with each 
session lasting about 45 minutes. The frequency of 
interventions ranged from daily to weekly. Functional 
impairments were identified at the baseline assessment 
and reviewed at the follow-up time points; therapy 
was adjusted as required. In children assessed to have 
no deficits, and rehabilitation deemed unnecessary,  
caregivers were advised to monitor their functional  
ability and self-refer for rehabilitation if required later.

Patient safety was a priority, especially during the  
acute phase of cancer treatment. The patient’s clinical 
status was evaluated prior to each session, and  
parameters such as haemoglobin and platelet level 
were taken into consideration. Interventions were thus  
adjusted to account for the side effects of cancer  
treatment.

Statistical analysis was conducted on the 4 domains 
of WeeFIM—self-care, mobility, cognition and overall 
function. Three-way mixed analysis of variance (2 x 
3 x 5 mixed analysis of variance) was used to analyse  
the data. The independent variables included sex,  
diagnosis (blood cancer, solid tumour or brain tumour),  
and time (0, 3, 6, 9 and 12 months). A frequency  
analysis was done to observe common types of GAS  
for this population and the rate of achievement of  
these goals.

There were 91 children recruited into the study who 
were assessed at baseline for functional impairment.  
Of this number, only 34 children consisting of 21 boys 
and 13 girls required intervention. The mean age was 
9.13 years (standard deviation = 4.73). The distribution 
of cancer diagnoses was 14 solid tumour cases, 11 blood 
cancer cases and 9 brain tumour cases.

There was a significant main effect of time (from 
baseline) on domains of self-care (F(2.03, 56.36) = 14.70, 
P<0.01), mobility (F(2.51, 70.15) = 12.97, P<0.01), and 
total functioning score (F(2.03, 56.94) = 11.12, P<0.01). 
There was, however, no significant main effect of  
time on cognition (F(1.05, 29.40) = 1.93, P=0.18). The 
mean values showed progressive linear improvement, 
except for cognition. This non-effect on cognition  
is not surprising as the majority were not brain tumours. 

Ann Acad Med Singap 2022;51:736-8
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Lastly, sex differences on mobility scores were noted  
when the interaction between time and type of diagnosis 
were considered (F(5.01, 70.15) = 2.76, P=0.03).  
The trends can be seen in Fig. 1.

WeeFIM was primarily developed as a measure of 
disability rather than function. Despite its original 
intent, we were able to demonstrate a change in total 
score after the programme. The significant sex effect on 
mobility scores might be explained by sex differences: a  
systematic review found that males were more successful in 
their gross motor skills.9

A total of 155 GAS were formulated and mapped to 
domains of the World Health Organization International 
Classification Framework to classify the types of goals  
that were set. A total of 56 goals (36.1%) were under the 
domain of Body Functions and Impairments, 98 goals 
(63.2%) under the domain of Activity and Participation 
and 1 goal (0.6%) under the Environmental domain. 

A high number of 142 (91.6%) goals were met or  
exceeded. Only 13 (8.4%) goals were not met and 11  
of these were from the Activity and Participation  
domain. Upon analysis, one of the main reasons they  
were not achieved was due to complications during  
cancer treatment, such as stroke. 

Improving functional ability in children translates to  
an increase in physical activity, participation and quality 
of life.10 Our study did not uncover any adverse events 
and supports the safety and efficacy of rehabilitation  
in the acute phase of cancer. Although improvements in 
functional ability were found, interpretation of results  
should be taken with caution as there was no control 
group. Despite a long recruitment period, the rare  
nature of childhood cancer limits the sample size. 
Future multicentre studies will hopefully strengthen  
the evidence base and expand the body of literature  
regarding paediatric oncologic rehabilitation. 

Fig. 1. Graph depicting the Functional Independence Measure for Children (WeeFIM) results.
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Implementation of an AI model to triage paediatric brain  
magnetic resonance imaging orders

LETTER TO THE EDITOR

Dear Editor,
Artificial intelligence (AI) is viewed as the most  
important recent advancement in radiology with the 
potential to achieve Singapore’s objective of delivering 
value-based patient-centric care.1 

We have developed and implemented a deep-learning 
model using bidirectional long short-term memory  
(Bi-LSTM) neural network to enable automated triage 
of unstructured free-text paediatric magnetic resonance 
imaging (MRI) brain orders in conformance to the 
American College of Radiology (ACR) criteria2 for 
appropriate utilisation of MRI. These ACR guidelines 
assist clinicians in the appropriate triaging of brain  
MRI orders for routine imaging, versus ultrafast MRI 
screening protocols for less appropriate orders. 

After approval of waiver of consent from the  
Institution Review Board (CIRB reference number 
2017/2078), data comprising 5,181 retrospective 
paediatric MRI brain orders (online Supplementary 
Table S1) extracted from 2006 to 2017 (excluding those 
with additional scans of other body parts and follow-up 
scans) were manually labelled for conformance to the 
ACR guidelines2 under supervision of a senior paediatric 
radiologist. These were used as ground truth to develop  
a Bi-LSTM and other machine learning models to  
classify these free-text orders based on adherence to 
the ACR guidelines. Initially 2,470 orders from 2006  
to 2013 were used for model training (80–20 training  
and validation split), and 2,711 orders from 2014 to  
2017 for model testing, using receiver operating 
characteristics to measure model performance (online 
Supplementary Table S2). Another 50 orders from a  
2020 audit were used for simulated implementation  
of the best performing model predicting MRI orders 
conforming to ACR guidelines,2 comparing its  
performance against radiology staff with variable 
experience (including the aforesaid senior paediatric 
radiologist as gold standard), using Cohen’s kappa  
statistics (online Supplementary Table S3). The model 
graphic user interface (Fig. 1) and details of its creation and 
testing are attached in the online Supplementary Materials. 

The highest accuracy and area under the curve (AUC) 
were seen with the Bi-LSTM model (Supplementary  
Table S2). This model, utilised by a non-medical staff  

such as a research assistant, has a kappa of 0.67,  
which shows evidence of a significant improvement 
compared to the kappa of 0.42 achieved by junior  
residents (P=0.01). It is comparable to the kappa of  
0.68 seen in residents with several years of neuroradio- 
logy experience although it remains less than the  
kappa of 0.72 attained by a junior pediatric radiologist  
and experienced MRI radiographers (Supplementary  
Table S3) (P<0.01). An advantage of the Bi-LSTM  
model is its ability to map similar medical terms  
together while factoring sentence structure and context 
through a word vector matrix. In contrast, the bag-
of-words traditional machine learning model requires 
more pre-processing steps and training time, results in a  
sparse dataset where each unique word represents a  
feature, and lacks the consideration of the contextual 
information derived from the sequence of words. 

Model performance is likely dependent on both 
the model structure, and dataset size and complexity.  
Larger datasets with wide variability of data reflective  
of the real-life environment in which the model would  
be deployed are best for model creation. Machine learning  
is an evolving field and the numbers that constitute  
adequate sample sizes for developing prediction models 
are unclear, as evident from publications with sample 
sizes ranging from hundreds to millions.3-7 

Incorporating a local interpretable model to explain  
each prediction outcome via a graphic user interface,  
builds confidence among non-medical or junior medical 
staff when protocoling MRI brain requests. In turn this 
will reduce the burden of MRI protocoling, increase 
productivity, and allow senior staff to focus on more 
pressing clinico-radiological issues. In addition, more 
objective criteria for MRI protocoling will reduce 
miscommunication and enhance radiology workflow 
efficiency. 

Should busy physicians provide scanty information 
in their MRI orders, this may result in the model 
generating a low score for guideline adherence and the 
patient is triaged for an inappropriate ultrafast MRI 
brain protocol. Nevertheless, the radiology workflow 
provides an inherent additional safety net for patients with 
significant abnormalities, such as a mass. Radiographers, 
upon finding a mass on the initial MRI sequence, would  
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obtain radiologist clearance to convert the ultrafast  
protocol into a comprehensive MRI brain scan, including 
the addition of contrast-enhanced sequences. 

Adherence to guidelines decreased across the years,  
with 76% adherence on the initial training dataset  
(2006–2013) dropping to 61% on the test dataset  
(2014–2017) and 40% adherence on the 2020 dataset. 
Paediatric MRI brain orders may deviate from 
evidence-based guidelines for a variety of reasons, 
such as uncertainties in the clinical assessment of an  
uncooperative child, pressure from anxious caregivers,  
and the potential for malpractice suits due to missed 
pathology. In practice, even though an MRI order may  
not comply with the radiological guidelines, a negative 
MRI scan does allay anxiety and promptly narrows 
management options for the patient. 

Ultrafast or abbreviated protocols are increasingly 
proposed for suitable patients as an alternative to the 
full MRI protocol due to shorter acquisition time while 
maintaining diagnostic accuracy,8 ensuring effective 
utilisation of expensive MRI equipment. Screening 
protocols can be both clinically efficient and cost- 
effective when used for MRI brain requests with a 
low probability of having brain abnormalities in both  
children9 and adults.10 

The primary limitation of our study is that the models 
were trained on labelled paediatric datasets from a single 
hospital and implemented within the same hospital. 

External validity would be required to deploy the model 
beyond the confines of our hospital. Our model could also 
be further trained on an adult population, incorporating 
radiological terms from a different case mix, which  
would increase model robustness and generalisability. 
Future work could incorporate cross-institutional data 
and the cost-effectiveness analysis to better evaluate the 
efficacy of the model in improving radiology practices, 
and the correlation of outcomes of automated triaging  
of free-text MRI orders with actionable abnormality in  
the final MRI report.

In conclusion, radiology departments can consider 
leveraging on artificial intelligence to create user-friendly 
and explainable triage models. These can help the non- 
medical or junior staff determine if MRI orders are 
appropriate and facilitate workflow to help cope with an 
overwhelming demand for this expensive and limited 
imaging resource.

Funding
This study was funded by Health Services Research and Analytics  
Technologies for SingHealth grant (HEARTS 2017/024) and KKH NMRC 
Centre Grant Programme (NMRC/CG/M002/2017_KKH).

Acknowledgements
The authors would like to acknowledge the contributions and support  
of the initial members of the study team, especially Khine Nwe Win,  
Kathy Low, Edna Aw, Emily Chai, Tsang Wing Sze, Audrey Ling,  
Conceicao Edwin Philip and Amanda Choo for their help towards the  
curation of the datasets and the initial preliminary analysis of the study.

Fig. 1. User-friendly graphic user interface with case illustration of model explainer. Magnetic resonance imaging  
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percentage adherence to guidelines, with clear display of words that support the adherence to guidelines. An order with  
a generated percentage of less than 50% is deemed suitable for a screening ultrafast MRI brain protocol. 
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Erdheim-Chester disease: Imaging spectrum of multisystemic manifestations

LETTER TO THE EDITOR

Dear Editor,
Erdheim-Chester disease (ECD) is a rare non- 
Langerhans histiocytosis, usually affecting middle-aged 
to older adults. It is a multisystemic disease with protean 
clinical manifestations. It can involve single or multiple 
organs, and presentations range from asymptomatic 
lesions detected incidentally on imaging to severe  
organ dysfunction. Hence, accurate and timely  
diagnosis is a challenge. The diagnosis of ECD is a 
multidisciplinary effort where imaging plays a central 
role in diagnosis to assess disease burden, and direct 
lesional biopsy and follow-up. While the final diagnosis 
is established by histopathology, the initial diagnosis  
is often suggested on imaging.

Pathogenesis. ECD is a malignancy of myeloid 
progenitor cells. Acquired somatic mutation of BRAF  
or other components of the MAPK signalling pathway 
are present in most patients with ECD. Mutant BRAF 
activating the RAS/RAF/MEK/MAPK signalling  
pathway is the most common mutation.1 Mutant BRAF 
increases cell proliferation and drives the malignant  
process in ECD. Detection of the characteristic BRAF 
mutation in subsets of dendritic cells, mature monocytes, 
committed myeloid progenitors, and CD34+ cells is 
helpful for the diagnosis. For symptomatic patients  
with the BRAF mutation, a BRAF inhibitor like  
vemurafenib is available as targeted therapy. Mutations 
affecting other signalling molecules (e.g. NRAS,  
KRAS and ALK) may also be found. These may be  
treated with MEK inhibitors.2,4

Bones. There is an almost universal involvement of 
the skeletal system in ECD.3 Patients may present with 
non-specific mild bone pain. The radiographic features  
are pathognomonic with bilateral symmetrical 
osteosclerosis of the metadiaphysis of long tubular  
bones of the appendicular skeleton with relative  
sparing of epiphyses.3,4 Cortical thickening and  
trabecular coarsening may be seen. Lytic lesions are 
uncommon. 

On bone scintigraphy, ECD shows intense symmetrical 
tracer uptake in the appendicular skeleton, with sparing 
of the epiphyses. Fluorodeoxyglucose (FDG) positron 
emission tomography-computed tomography (PET-CT) 
scan shows a similar pattern of tracer uptake.3,4

Central nervous system (CNS) and orbits.  
Neurological involvement is seen in about 40% of  

ECD cases with diverse clinical manifestations  
including cognitive impairment, cerebellar and  
pyramidal syndromes, diabetes insipidus, neuropathies, 
seizures and headaches.4-6 Screening for CNS lesions is 
recommended for all patients with ECD as neurological 
involvement often results in severe handicap and  
mortality.6 

The most common site of CNS involvement is the 
hypothalamic-pituitary axis. Findings include loss 
of normal T1-weighted (T1W) bright signal of the  
posterior pituitary, thickening and enhancing nodular 
mass(es) involving the pituitary stalk, and empty sella.4-7

Other CNS lesions in ECD include meningeal,  
intra-axial and perivascular lesions.8 Meningeal lesions 
may manifest as focal single or multiple meningioma-
like masses, diffuse pachymeningeal thickening, or 
a combination of both. Intra-axial lesions are widely 
distributed, and are more common in the periventricular 
region, pons, midbrain and cerebellum. These include 
multiple focal masses and non-enhancing bilateral 
symmetric low T1W and high T2-weighted (T2W)  
signal lesions. Perivascular involvement is seen as 
periarterial enhancing infiltration or venous sinus  
lesions. CNS lesions are rarely associated with  
perilesional oedema or mass effect.4-8

Orbital involvement is seen in approximately 30–40%  
of cases, presenting as bilateral exophthalmos.8 On 
imaging, these manifest as unilateral or bilateral  
masses in the intraconal or less commonly, extraconal 
compartment.

The combination of diabetes insipidus, bone pain  
and exophthalmos should raise suspicion of ECD.  
While the individual CNS findings are non-specific, 
presence of multiple anatomical sites of CNS  
involvement (seen in 50% of patients) is a useful clue 
for ECD.

Lungs and pleura. Lung disease in ECD results from 
peribronchovascular, interlobular septal and fissural 
histiocytic infiltration.

Patients are often asymptomatic or may have dry  
cough and dyspnoea. Up to 50% of patients show 
involvement of the lungs and pleura on the CT scan.  
Lung findings include reticular interstitial opacities, 
focal or diffuse smooth interlobular septal and fissural 
thickening, multifocal ground-glass attenuation, and 
centrilobular nodules.9 Honeycombing is rare. Pleural 
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Fig. 1. Imaging findings for Erdheim-Chester disease (ECD). (A) Radiographs of the upper and lower limbs show characteristic bilateral  
symmetrical involvement of the long bones, with heterogenous sclerosis of the diaphyses and metaphyses (arrows). (B) Whole-body fluorodeoxy-
glucose (FDG) positron emission tomography (PET) scan shows bilateral and symmetrical raised metabolic activity in the long bones of the upper  
and lower limbs (short arrows). An extraskeletal site of ECD is in the enlarged, FDG-avid right adrenal gland (long arrow). (C) The “hairy 
kidney” sign. Contrast-enhanced axial computed tomography (CT) scan shows bilateral and symmetrical irregular soft-tissue infiltration (arrows) 
in the perirenal spaces. (D) Magnetic resonance imaging (MRI) scan showing orbital ECD lesions. Coronal gadolinium-enhanced fat-suppressed  
T1-weighted MRI scan shows avid homogeneous enhancement of the intraconal lesions. (E) Retroperitoneal, vascular and muscular involvement  
in ECD. Coronal enhanced CT scan shows periaortic infiltration along the entire length of the aorta (long arrows) creating a “coated aorta”  
appearance. The abnormal soft tissue is encasing bilateral renal arteries causing irregular luminal narrowing (arrowheads). There is also diffuse 
infiltration of bilateral psoas muscles (short arrows). 
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ECD lesions result in focal or diffuse pleural thickening 
with unilateral or bilateral pleural effusions.10 While  
the interstitial lung disease in ECD has no specific  
pattern or site predilection, the presence of lung and  
pleural lesions in combination with typical skeletal  
findings suggests the diagnosis.

Cardiac and mediastinum. Cardiac ECD lesions 
are seen in up to 40–70% of cases and may involve 
the pericardium, myocardium and coronary arteries.10  
Clinical presentations include arrhythmias, myocardial 
ischaemia, valvular dysfunction and heart failure. These  
are more common in older patients and constitute  

significant mortality. The pericardium may be thickened 
with effusion that can cause cardiac tamponade. 
Myocardial infiltration usually involves the right atrium 
and right atrioventricular groove. Myocardial involvement 
is best seen on magnetic resonance imaging (MRI) 
as T1W hypointense focal lesions with post-contrast 
enhancement.10 Coronary artery involvement affects up 
to 30% of patients, most commonly the right coronary 
artery with stenosis and territorial ischaemia. Published 
consensus guidelines recommend cardiac MRI in 
all patients at baseline to identify involvement and  
evaluate the extent of ECD.11
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Mediastinal involvement manifests as soft tissue 
infiltration, which shows moderate FDG uptake on  
PET-CT scan. These may encase and narrow the  
pulmonary arteries and superior vena cava.

Vascular. Vascular involvement results from histiocytic 
infiltration of the adventitia with periarterial fibrosis,  
causing arterial stenosis/occlusion and end-organ  
ischaemia. The aorta is most commonly affected with 
involvement in 56–85% of patients,4 seen as circumferen-
tial hypodense and mildly enhancing infiltration on CT 
scan. Diffuse and circumferential involvement of thoracic 
and abdominal aorta gives the characteristic “coated  
aorta” appearance—a key diagnostic sign of ECD seen 
in 23–30% of patients (Fig. 1).3,4 On MRI scan, vascular 
infiltration is isointense to muscle on T1W and T2W 
sequences, and shows post-gadolinium enhancement. 
Increased uptake is seen on FDG PET-CT.

Renal and retroperitoneum. Approximately 70%  
of ECD patients have urologic or retroperitoneal 
involvement. Urological symptoms include abdominal 
pain, lower urinary tract symptoms, chronic renal 
insufficiency and renovascular hypertension, but these 
are uncommon at initial presentation.3,4,12

 Histiocytic infiltration of bilateral perirenal spaces 
manifests on CT scan as low-density soft-tissue infiltrates, 
giving the “hairy kidney” sign (Fig. 1)—a key imaging 
feature seen in up to 68% of patients. On MRI scan, the 
infiltrates are isointense to muscle on T1W and T2W 
sequences and show mild homogenous enhancement.1,5 

Extension to the renal sinus and ureters may result in 
hydroureteronephrosis. Other complications include renal 
artery stenosis and chronic kidney disease.12

Adrenal involvement is seen in up to 32% of patients. 
Imaging findings include diffuse symmetrical bilateral 
thickening and bulky masses.1,5

Imaging guidelines. Given the multisystemic 
involvement, a wide array of radiological modalities 
is needed. Baseline imaging work-up consisting of  
whole-body FDG PET-CT; contrast-enhanced MRI  
of the brain; cardiac MRI; and CT of the chest, abdomen 
and pelvis should be done in all patients to identify 
disease burden including clinically occult lesions.  
Imaging follow-up with FDG PET-CT once every 3–6 
months is recommended after initiation of treatment. 
Additionally, organ-specific imaging is recommended 
every 3 months following treatment initiation, followed 
by imaging once every 6 months once disease stabilises.1,11
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A strategy to make COVID-19 vaccination more accessible to the elderly 

LETTER TO THE EDITOR

Dear Editor,
Singapore embarked on the COVID-19 National 
Vaccination Programme in early 2021. The main  
modality employed to achieve the mass vaccinations has 
been the Vaccination Centres (VCs). These are dedicated 
facilities created with the sole purpose of providing the 
public with safe and convenient access to vaccination 
services.

While the VCs served their function well for most of 
the resident population, there is a small proportion of 
individuals who face challenges in going to the VCs for 
their vaccinations. These individuals are often part of 
a vulnerable section of society, and hence, there is an  
even greater impetus to ensure that vaccination services 
are readily available to them. To address this need,  
mobile teams were established to bring vaccination 
services to the doorstep. The concept of mobile teams 
providing vaccinations is not new, and has been shown 
to be effective in improving vaccination rates within  
the community at large, as well as in specific groups  
such as healthcare workers.1,2

The first Mobile Vaccination Team (MVT) was  
formed in December 2020 under the purview of the 
Ministry of Health (MOH), Singapore. While the concept  
of MVTs has been developed by MOH and their  
deployment remains centrally managed, these teams  
are set up and run by private medical service providers. 
An MVT is led by a registered medical practitioner, 
and can be deployed in 2 configurations (determined 
by the projected demand for vaccination services at the  
chosen site). A full team comprises 4 registered nurses  
and 3 support staff, while a subteam comprises 1  
registered nurse and 1 support staff. A fully configured 
MVT can vaccinate up to 150 individuals per day. 

The Home Vaccination Team (HVT) is a small  
vaccination team that can be deployed directly to  
individual residences. This allows the provision of 
vaccination services to even the most vulnerable persons. 
A HVT comprises only 2 team members: a registered 
medical practitioner and a registered nurse. The  
vaccination capacity of a HVT is extremely limited,  
and is usually reserved for individuals who are  
homebound or have significant mobility issues. A  
HVT can be deployed to up to 12 different residences  
per day, and the number of persons vaccinated will  
depend on the number of eligible persons per household 
visited.

In the initial period, the first MVT deployment was to 
a nursing home in Buangkok Green Medical Park on 12 
January 2021, while the first HVT deployment was to a 
personal residence on 10 May 2021. Following this, the 
MVTs were deployed to other nursing homes to assist 
with on-site vaccination of the residents. This was then  
expanded to provide on-site vaccinations for major 
government agencies, statutory boards and other 
institutions such as the Health Sciences Authority,  
Ministry of Communications and Information,  
Singapore Prisons Service, etc. There was also limited 
deployment to shopping malls prior to the introduction 
of Vaccination-differentiated safe management  
measures (VDS). VDS is a set of guidelines that define 
the safe management measures that can be accorded 
to individuals who are fully vaccinated. It was first 
implemented on 10 August 2021.3 Such deployments 
were planned as a result of a direct request to MOH for 
vaccination services on-site. 

Eventually, the MVTs were deployed to the heartlands  
to help to encourage vaccinations in specific  
townships, which were lagging behind in terms of  
overall vaccination rate. These townships were 
identified through a combination of data obtained from 
national databases, as well as feedback from grassroots 
organisations and local community leaders. For on-site 
vaccinations, the requesting organisation would  
provide a suitable space for the deployment, such as a  
multipurpose hall or function room. Deployments to 
the heartlands are typically to community spaces such 
as Community Clubs, Residents’ Committees, and even 
void decks or neighbourhood pavilions within blocks  
of Housing and Development Board (HDB) flats where 
the majority of the Singapore population reside.

During each deployment, the COVID-19 vaccines 
are kept in a high-quality cooler box, thus allowing the  
vaccines to be maintained at the required temperature 
of 2–8°C for about 9 hours. A temperature logging 
device placed within the cooler box provides real-time 
temperature monitoring and also serves as an alert to  
any temperature excursions. The main challenge faced  
by the mobile vaccination teams was optimising  
supply-and-demand matching. This was largely  
overcome by keeping accurate and up-to-date nominal 
rolls of the intended vaccinees (for on-site vaccinations), 
and ensuring good ground engagement and publicity  
to the residents at the planned sites of deployments  
(for MVTs deployed to HDB heartlands).
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Our records show that the elderly primarily benefited 
from the mobile team deployments (in particular,  
persons aged ≥80 years). For the period 30 December 
2020 to 30 March 2022 and for all persons aged  
≥60 years, the HVTs and MVTs contributed to  
1.1–9.1% of all doses administered, inclusive of  
primary series and first booster doses (Table 1).

The percentage of individuals vaccinated by the 
HVTs and MVTs largely corresponds with the national 
vaccination rate. A possible reason for the decline after  
the first dose may be that some individuals opted to  
receive subsequent doses at the VCs, instead of waiting  
for the opportunistic deployments of the MVTs. 
Furthermore, as the number of VCs increased over  
time, visiting a VC gradually became more convenient. 
The likelihood of this reason may be further supported  
by the percentages of vaccines delivered by the HVTs  
that remained largely unchanged for the respective age 
bands, as we do not expect the mobility status of this  
group of residents to change significantly over time.

While the overall fraction of the elderly vaccinated 
by the mobile HVTs and MVTs is not very large, these 
individuals are at the highest risk of complications from 
COVID-19 infection. Each elderly person vaccinated 
contributes to the protection of one at-risk person from 
hospitalisation and severe disease.4,5 The HVTs and  
MVTs have brought vaccinations closer to the elderly  
and will continue to play an integral role in our  
vaccination capabilities going forward.
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Table 1. Percentage of COVID-19 vaccine doses administered by Home Vaccination Teams (HVTs) and Mobile Vaccination Teams (MVTs) from 30 
December 2020 to 30 March 2022

Age,  
years

Dose of vaccine  
administered

HVTs,
%

MVTs,
%

Combined 
total, %

Overall national vaccination 
rate, % 

≥80 First 3.2 5.9 9.1 94.6

Completed primary series 3.3 5.6 9.0 93.9

Booster 1 3.0 4.1 7.2 78.1

70–79 First 0.6 2.0 2.5 96.5

Completed primary series 0.6 1.9 2.5 96.2

Booster 1 0.6 1.7 2.3 85.7

60–69 First 0.2 1.1 1.3 96.9

Completed primary series 0.2 1.0 1.2 96.7

Booster 1 0.2 0.9 1.1 87.3

Values for “completed primary series” comprise individuals who had completed vaccine combinations requiring ≥2 doses (e.g. Sinovac-CoronaVac  
3-dose primary series).



A recurring nasal mass

IMAGES IN MEDICINE

A 56-year-old Chinese man presented to the Ear, Nose 
and Throat clinic with months of unilateral right-sided 
nasal obstruction. He reported occasional mucopurulent 
discharge and denied any hyposmia, episodes of  
epistaxis, or loss of weight and appetite. Nasoendoscopy 
revealed a right-sided nasal mass between the septum  
and middle turbinate. Magnetic resonance imaging  
(MRI) showed a 6.9cm right nasal cavity mass  
extending from the cribriform plate to the hard palate 
inferiorly, laterally abutting the ostiomeatal unit and 
medially abutting the nasal septum. No intracranial or 
orbital wall extension was seen (Fig. 1).

The patient underwent an open craniofacial resection 
with clear margins on the intra-operative frozen section,  
as well as a staged bilateral modified radical neck  
dissection that yielded no nodal metastases. This was 
followed by adjuvant radiotherapy. Unfortunately, 
the patient developed a local recurrence in the left  
nasopharynx 6 months post-radiotherapy for which he 
underwent a salvage endoscopic nasopharyngectomy. 

Ann Acad Med Singap 2022;51:747-9
https://doi.org/10.47102/annals-acadmedsg.2022127

Answer: C

Fig. 1. Coronal (A) and axial (B) views of T1-weighted magnetic  
resonance imaging with contrast.

A second local recurrence occurred one year post-
nasopharyngectomy in the right nasopharynx for 
which he declined further surgery. Since then, regular 
office debridement and topical 5-fluorouracil (5-FU) 
have become the mainstay of treatment for this patient  
(Fig. 2), which has achieved good control with  
varying frequencies of application over the last 8  
years (Fig. 3).

On surveillance MRI (after 8 years of topical 5-FU 
application), a persistent but stable right fossa of 
Rosenmüller mass was noted. 

Which sinonasal tumour is known to be locally  
controlled by the topical application of 5-FU?

A.	 Esthesioneuroblastoma

B.	 Mucoepidermoid carcinoma

C.	 Sinonasal adenocarcinoma

D.	 Sinonasal squamous cell carcinoma

E.	 Adenoid cystic carcinoma

Fig. 2. Nasoendoscopic images of nasal tumour at right fossa of Rosenmüller before and after debridement,  
and subsequent 5-fluorouracil application.

Fig. 3. Axial views of T1-weighted magnetic resonance imaging with 
contrast taken in 2012 after left nasopharyngectomy (A) and after 8 
years of topical 5-FU application (B). White arrow marks the tumour,  
which has not changed in size due to the topical regime.
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Sinonasal adenocarcinoma (SNAC) is an uncommon 
malignant tumour, making up only around 10–20%  
of malignant tumours originating from the sinonasal 
space, coming second only to sinonasal squamous 
cell carcinoma (SCC) in incidence across the world.  
Cancers of the paranasal sinuses are extremely  
uncommon, making up only 3% of total head and  
neck malignancies. While the incidence of SNAC has 
always been reported to be more common in men, 
presumably supported by the higher likelihood of  
men being involved in work environments with known 
risk factors, recent studies1 report that the incidence is 
similar in both men and women. 

SNAC can arise from seromucinous glands and the 
surface epithelium of the sinonasal tract. According 
to the World Health Organization, classifications of 
adenocarcinomas can be split into salivary-type and  
non-salivary-type carcinomas, of which the latter  
involves either intestinal or non-intestinal subtypes. 
Intestinal-type adenocarcinoma, which the patient 
had, bears histological and immunohistochemical  
resemblance to the mucosa of small and large intestines. 
The association of long-term occupational hardwood- 
dust exposure with the development of SNAC,2 in  
particular the intestinal type, has been widely  
established in the literature.

In general, SNAC commonly arises from ethmoid 
sinus3 and tends to present late though tumours in other 
sinuses can also have a late presentation unless picked 
up incidentally. Common manifestations include nasal 
obstruction, bloody discharge, anosmia, and extension  
into adjacent tissue can cause vision loss and  
exophthalmos. Identifying4 the tumour is more  
challenging because of its location and the non-specific 
nature of symptoms. Computed tomography (CT) and  
MRI are complementary tests for localising and 
determining the size and extension of the tumour,  
especially in key structures5 such as orbital apex, dura  
mater and beyond. The risk of regional and distant 
metastases of the tumour has been described to be  
low, which according to current literature3,6 ranges  
from 2–10%. Positron emission tomography/CT was 
previously done to assess for distal metastasis, but the 
focus was more on MRI for this patient to determine the 
local control achieved by topical 5-FU application.

The imaging features7 of adenocarcinomas are often 
indistinguishable from those of other sinonasal cancers. 
Both SCC and SNAC can commonly appear as solid, 
heterogeneous masses with areas of necrosis and  
irregular margins with osseous destruction.

Sinonasal tumours can be managed in various  
manners. Surgical removal usually entails a craniofacial 
resection (CFR), especially for tumours extending into  
the anterior skull base. Approaches include open, 
endoscopic and combined. The open approach is more 
likely to be employed with increasing brain involvement 
by the tumour. However, an endoscopic approach has 
been reported to allow clearer visualisation of limits8  
and attachment sites of the mass, hence a more precise 
resection and a hybrid approach may therefore be 
appropriate in some cases.

For SNAC,9 the utility of repeated application of  
5-FU as a chemotherapy agent has been reported to 
be a good alternative to surgery and offers excellent  
results with a 5-year disease-free survival rate of up to 
87%. The general principles include regular necrotomy 
(which can be done in the clinic) and the application of 
5-FU over areas of possible tumour involvement. 

Based on current literature,9,10 the frequency of initial 
topical 5-FU application was not well defined, but  
varied from a regimen of once weekly for 6 weeks  
before monthly follow-up and regular tissue biopsies,  
to a regimen of twice-weekly for a total of 4 weeks 
(accounting for 8 sessions in total) followed by a  
2-month break before the endoscopic inspection. Here, 
a weekly therapy was initiated for a total of 6 sessions 
before a rest of 3 months. Subsequently on follow-up,  
the treatment intervals were lengthened to a monthly 
regime. Due to a high risk of local recurrence, treatment 
duration is anticipated to be lifelong for this patient. 

In summary, SNAC can be well controlled with  
regular debridement and topical application of 5-FU. 
Such a treatment regime may allow the avoidance of 
major surgery in a poor surgical candidate, as well as 
provide long-term control of recurrences post-surgery. 
In general, resection of the tumour would be preferred 
whenever ideal. Topical 5-FU application would be  
best employed in smaller areas that are unresectable,  
or in this case where the patient refused surgery.
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Multisystem inflammatory syndrome in children (MIS-C) is a rare 
inflammatory syndrome with multisystem involvement affecting 
children exposed to COVID-19. It emerged in Singapore as the 
incidence of COVID-19 in the community increased in 2021.

A Singapore observational study on cases fulfilling the Ministry 
of Health criteria for MIS-C from January 2020 to December 2021 
was conducted in the country’s biggest paediatrics hospital. All 
patients had mucocutaneous features similar to Kawasaki 
disease, frequently presenting with haematological, 
gastrointestinal and cardiovascular symptoms.

Multidisciplinary management, timely diagnosis, and early 
treatment with intravenous immunoglobulin and steroids likely 
contributed to good outcomes.
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The COVID-19 pandemic has brought losses to patients, families and healthcare professionals. A Singapore scoping review identified 
the different types of losses leading to grief—the death of family members, patients and colleagues, as well as the loss of usual 
routines, lifestyles and physical health. The grief experienced was multidimensional, affecting the emotional, physical, social and 
existential realms. Anger, guilt and fear resulted from unsatisfactory farewells, issues with funerals, social isolation, financial strain 
and stigmatisation. 

Loss and grief identification and management are critical. Innovative strategies for management encompass communication, finance, 
counselling, education and spiritual care.
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Early reperfusion of ST-segment elevation myocardial infarction 
(STEMI) leads to better outcomes. Interventions that have 
resulted in shorter door-to-balloon time include prehospital 
cardiovascular laboratory activation and prehospital 
electrocardiogram transmission, which are only available for 
patients who arrive via emergency ambulances.

A Singapore retrospective study examined data of patients who 
arrived at the emergency department by emergency 
ambulances and via their own transport. The findings revealed 
that arrival via ambulance was associated with a decreased 
door-to-balloon time for STEMI patients compared to arriving 
via own transport. In spite of this, only a third of the patient 
cohort had arrived by ambulance.

Public education can help to increase awareness of STEMI 
symptoms and the use of emergency transportation when 
experiencing such symptoms. Findings from the study can 
guide further investigations and workflow to improve 
door-to-balloon time.
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This issue highlights two Singapore studies focused on the 
impact and mitigation of kidney diseases, in commemoration 
of  World Kidney Day in March.

Patients with chronic kidney disease can benefit from serious 
illness conversation, following identification of risk factors 
associated with increased mortality. These include the 
Charlson Comorbidity Index, serum albumin and recent 
hospital readmission.

Cardiovascular morbidity and mortality are high among patients 
with end-stage renal failure. Predictors of death and acute 
myocardial infarction are examined among those on different 
modalities of dialysis. Findings show tighter control of 
cardiovascular risk factors benefits patients on dialysis.
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Multisystem inflammatory syndrome in children (MIS-C) is a rare 
inflammatory syndrome with multisystem involvement affecting 
children exposed to COVID-19. It emerged in Singapore as the 
incidence of COVID-19 in the community increased in 2021.

A Singapore observational study on cases fulfilling the Ministry 
of Health criteria for MIS-C from January 2020 to December 2021 
was conducted in the country’s biggest paediatrics hospital. All 
patients had mucocutaneous features similar to Kawasaki 
disease, frequently presenting with haematological, 
gastrointestinal and cardiovascular symptoms.

Multidisciplinary management, timely diagnosis, and early 
treatment with intravenous immunoglobulin and steroids likely 
contributed to good outcomes.
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