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Background -- Singapore was hit quite 
badly by the 2003 SARS outbreak

Singapore also had 5 deaths 
among healthcare workers

Painful Lesson: 
• Due to its exposed location as 

trade and travel hub, SG is 
extremely vulnerable to imported 
infections! 

Images: Wikipedia
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Year Time Phase Key events or measures 
2020 Feb DORSCON Orange • First restrictions (incl. travel restrictions)

April Circuit Breaker • Complete Lockdown 

Jun Phased Reopening
• Cautious reopening  
• Safe distancing measures remain in place 
• Masks outside of home remain compulsory 

2021 Jan Reopening Phase 3 • Loosening of measures 
• Mask-wearing & safe distancing measures remain in place 

May Heightened Alert
• Tightening of measures after COVID clusters (Delta) 
• Routine Rostered Testing (RRT) of all healthcare staff 
• Subsequent (slight loosening of measures) 

Sep/
Oct Stabilisation phase • Rise in COVID cases and deaths (Delta Wave) 

• Again, tightening of measures 

2022 Jan Transition Phase • Continued from 2021 
• Omicron Wave since Dec 2021/Jan 2022 

Mar Transition Phase • Further easing of measures 
• Outdoor mask-wearing no longer mandatory 

Apr DORSCON Yellow
• Further relaxation of measures 
• No more requirement for TraceTogether and SafeEntry 
• Fully-vaccinated, well travellers can enter Singapore 

Oct Transition Phase to 
Resilience 

• Mandatory mask-wearing only healthcare facilities & publ. transport 
• Fully vacc. travellers may enter SG w/o testing or quarantine 
• Public life has returned to near-normal 

2023 Feb DORSCON 
Green

• Mask-wearing only mandatory in healthc. facilities w/ patient contact
• All other restrictions are lifted 

Pandemic Response Measures, Singapore

DORSCON, Disease Outbreak Response System Condition. 
Sources: Ministry of Health, Singapore, Wikipedia, Straits Times, Channel News Asia (CNA) 



BioFire FilmArray RP 2.1 multiplex PCR

Images: 
Manufacturer Websites; M. Maiwald

Rapid multiplex PCR with 19 respiratory pathogens & SARS-CoV-2 (~45 min) 
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Near-complete 
disappearance of all 
resp. viruses

Flu A/B 
disappears first

EV/RV 
reappears
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Similar Trends in Other Countries

Clin. Infect. Dis. 2021;72(10):e649–51

Pediatr. Pulmonol. 2020;55:2233-4 
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However, what happens thereafter?

Nat Commun. 2022; 13(1): 2884 Children 2022, 9, 848
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Viruses 2022; 14: 2135

http://www.health.gov.au/flureport

Thereafter (Continued)

Singapore 2022:
• FluA/B cases rising since mid-year
• RSV surged early/mid 2021 & 2022 
• HFMD (EV) case clusters on the rise 
• EV meningitis cases re-appearing 
KKH Data, unpublished 

DEUTSCHE WELLE (Feb. 2022)

• RSV rose sharply from Oct. 2021
• Children hospitalized with RSV about 6-8 x higher than 

those with COVID-19 

https://p.dw.com/p/47Mns



2019

2020
FluA peak 
(cont.)

Pandem. Alert Lvl. Orange 
& Travel Restr. – Flu down

Cautious Reopening --
EV/RV, then AdV reappear

Percentages of respiratory viruses 2019-2020
FluA has 2 peaks –
Dec/Jan & mid-year

EV/RV (probably more RV) 
hovers around all year

RSV usu. has 
mid-year peak

AdV usu. has no 
pronounced peaks

Late 2019 
FluA peak

Hard Lockdown –
Oth. Viruses disappear

• EV/RV and AdV are non-enveloped viruses, i.e. more hardy in the environment 
• Reopening still with mandatory mask-wearing, but increasing social contacts9



2021

2022
FluA starts re-
appearing (from 
South. Hemisph.) Unusual MPV Peak

EV/RV hovers up & down, 
hangs around

Percentages of respiratory viruses 2021-2022

Heightened Restrictions 
~May ‘21 – Viruses go down

EV/RV hovers up & down, 
hangs around (> than pre-
pandemic) 

Pre-seasonal RSV peak 
(> than pre-pandemic)

• 2021 had a pre-seasonal RSV peak, higher than pre-pandemic RSV peaks 
• FluA re-appears 2nd half 2022; EV/RV higher than pre-pandemic; HFMD & EV men. re-appears 

COVID Delta 
Wave (late ‘21)

RSV peak 
(in season now)EV/RV hovers up & down, 

hangs around (> than pre-)

Heightened Restr. 
(Delta Wave)

COVID Omicron 
Wave (early ‘22)

2nd Omicron 
Wave 

Paraflu up

HFMD and EV meningitis 
re-appears
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2023

Percentages of respiratory viruses 2023-2024
EV/RV (probably more RV) 
hovers around 

RSV up 
1st half ‘23

Big AdV surge!
Feb. ’23 –
Nearly all 
restr. lifted

Paraflu up

FluA seen quite 
regularly again

11

2024 FluA looks like it is 
returning to two peaks 
(as pre-pandemic) EV/RV (probably more RV) hovers 

around at ~pre-pandemic levelsRSV getting closer again to its 
pre-pandemic mid-year peak



2025

Percentages of respiratory viruses 2025

RSV appears to 
return to mid-
year peak
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FluA has a N. 
Hemisph. peak

EV/RV (probably more RV) hovers 
around at ~pre-pandemic levels

• Virus patterns in 2025 appear to be returning to near pre-pandemic levels

• Includes FluA Northern Hemisphere Winter peak 

• Includes RSV mid-year peak 



Summary of respiratory viruses 2019-2025

• In total, >120,000 samples tested btw. 2019-6/2025 (~90% paeds. pats.)

• Resp. viruses follow COVID-related restrictions, but not all in the same way

• EV/RV and AdV returned first – both non-enveloped viruses – at increasing 
social contacts with still mandatory mask-wearing – suggests partial role of 
contact transmission 

• Subsequent heightened (e.g. Omicron wave) and/or lowered restrictions –
viruses go up and down accordingly 

• Some countries had RSV peaks that strained children’s hospitals in late 
2020; SG in early 2021 

• Several viruses (AdV, MPV) had unusual phases of high activity; much 
higher than pre-pandemic 

• FluA returned only 2nd half of 2022; probably from Southern Hemisphere 

• EV/RV overall commonest virus; keeps hovering up and down, 2021-2023 
at greater than pre-pandemic levels, 2024 & 2025 near pre-pandemic levels 
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2019

2020

Note, different scale

Pandem. Alert 
Orange & 
Travel Restr.

Many respiratory bacteria 
nearly completely disappear!

Percentages of respiratory bacteria 2019-2020

Cpneu usu. very few 
cases; <5 a year

Mpn ~300-400 
cases a year

Bpert usu. ~50 
cases a year

Bpara multiplex started 
mid-2019; usu. ~20-30 
cases a year

Hard Lockdown –
‘Circuit Breaker’

Mpn peak 
higher than 2019
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Then -- 2021 & 2022 – near-absence of resp. bacteria (not shown)



Percentages of respiratory bacteria 2023-2024
2023

Bpert remains 
near-absent

Bpara returns

Mpn resurges 
(& outbreaks of 
pneumonia in 
China)Mpn re-appears

Bpara > than pre-pandemic
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2024 Mpn rises to its highest levels ever 
seen in SG – but nowhere near the 
>50% levels seen in late 2023 in China



Percentages of respiratory bacteria 2025
2025

Bpert remains 
near-absent
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Mpn is present, but not at 
the levels seen in 2024

• Mycoplasma pneumoniae hovers around at near pre-pandemic levels

• B. pertussis, B. parapertussis & C. pneumoniae remain near-absent 

• B. parapertussis prevalence from 2023 is NOT repeated



Summary of respiratory bacteria 2019-2025

• Resp. bacteria disappeared similarly to viruses in early pandemic 

• 2021 & 2022 – near-absence of resp. bacteria (not shown)

• Mpn remained near-absent until Apr. 2023 (same in many countries) 

• Late 2023 saw a big Mpn resurgence – also huge case numbers in China 
(>50% of all specimens pos. for Mpn and >90% genotypic macrolide res.) 

• Bpert remained near-absent throughout, only 5 cases btw. 2020-23; slow 
return of 14 cases in 2024, a few cases in 2025 

• Bpara returned around Mar. 2023; greater numbers than pre-pandemic 
(>100 cases in 2023) – but trend did not continue in 2024 & 2025 

• Cpneu had very few cases pre- and post-pandemic – no change 

• Slight uptick in invasive pneumococcal disease in late 2024 
(anecdotal; data not shown/analysed) 
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Similar Trends for Bacterial Illnesses

Singapore

Euro Surveill. 2022;27(19):pii=2100746.

• M. pneumoniae remained largely absent from most countries until March 2022

Bordetella pertussis
• KKH in pre-pandemic years 

>50 cases per year 
• Last case seen March 2020 
• 5 cases until 2023; 14 in 2024 
Bordetella parapertussis
• Came back 2023 
KKH Data, unpublished 
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Mycoplasma pneumoniae 

*

*KKH, Singapore, 
as a study site

*

*KKH, Singapore, 
as a study site
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Mycoplasma pneumoniae

*
*KKH, Singapore, 
as a study site

*

*KKH, Singapore, 
as a study site

Inclusion of late 2023 
data from China!

Singapore is here >50% of all 
tests pos.!!!

High % of 
macrolide 
resistance!

Few epi-
demic 
clones!



Mycoplasma pneumoniae – Situation in China 2023

Chart of trends in the prevalence of influenza A, influenza B, respiratory syncytial 
virus, adenovirus and Mycoplasma pneumoniae among children with pneumonia in 
Shanghai between January 2023 and November 2023. The data were collected from 
children’s specialized hospital in Shanghai

Euro Surveill. 2024;29(2):pii=2300704. 
https://doi.org/10.2807/1560-
7917.ES.2024.29.2.2300704 21



Mycoplasma pneumoniae & Bordetella pertussis

2017 2020 2024

Absol. Nos. Rates (%)

Guo Mengyang, Hu Yahong, 
Meng Qinghong, Shi Wei, Yao Kaihu
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Summary of Observed Phenomena
• COVID-19 pandemic restrictions (travel bans, mask-wearing, lockdowns, social 

distancing, etc.) were associated with a broad decline of many resp. pathogens 

• Loosening/lifting of restrictions is/was associated with pathogen return 

• Effects of control measures and relaxation varied btw. pathogens and phases 

• However, pathogens did not return all at once 

• Non-enveloped viruses (RV/EV, AdV) returned first 

• RSV had early out-of-season peaks – straining children’s hospitals 

• Influenza A returned late – probably travel-associated (South. Hemisph.) 

• Flu B/Yamagata lineage likely went extinct (B/Victoria & FluA returned)

• Several viruses (RV/EV, RSV, AdV) returned to > than pre-pandemic levels 

• Pertussis remains near-absent; parapertussis had a > pre-pandemic surge 

• Mycoplasma pneumoniae returned after long hiatus – big surge in China 
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An ‘Immunity Debt’ may have arisen

Infect Dis Now. 2021; 51(5): 418-23

Lancet Child Adolesc Health 
2021 Dec; 5(12): e44-e45
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Concept of ‘Immunity Debt’
• Children who were born, and/or raised from young, were not exposed to many 

pathogens during COVID-19 pandemic restrictions 

• Children are now non-immune to many pathogens 

• Consequence – More frequent infections & infections at older than usual age 

Scepticism also expressed . . . 

https://doi.org/10.1093/cid/ciae493
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Competing Hypotheses
Hypothesis 1 – Simple lack of exposure; lack of specific immunity

• Example: 1846 Faroe Islands measles outbreak – Measles had not been seen for 
>60 years, and no one <60 y/o had immunity – Over ~5 mo, 6100/7900 inhabitants 
fell ill, >100 died (https://time.com/5800558/coronavirus-human-civilization) 

Hypothesis 2 – Lack of training of (innate) immune system 

• Trained innate immunity – partial cross-protection against unrelated pathogens 

• Possible overlap with ‘Hygiene Hypothesis’ (exposure to dirt is beneficial)  

Hypothesis 3 – COVID-19-induced immune dysregulation   

• Some other viruses known to cause (mostly temp.) immune deficiency 

• Some countries that had very little measures had big RSV surges 

• Some measured immune parameters are different after COVID 



Fascinating talk at ESCMID Global (ECCMID) Barcelona 2024    
• Epigenetic reprogramming of 

myeloid cells can lead to faster 
& more effective innate (!) 
immune response against 
unrelated pathogens



Examples of 
Papers 

discussing 
Long COVID 
and Immune 

Dysregulation

https://medicalxpress.com/news/202
3-01-covid-long-term-effects-innate-
immune.html
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Further on COVID-19-related Immune Dysregulation

29
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Competing Hypotheses
Hypothesis 4 – Virus interference with SARS-CoV-2

• Viruses interfere with each other 

• SARS-CoV-2 was dominant circulating virus early in pandemic 

• May explain downturn, but not irregular return of other pathogens 

Hypothesis 5 – Psychological factors 

• Before pandemic, people ignored ‘trivial’ infections; now seek diagnosis 

• May explain increased numbers, but not severe infections  

Hypothesis 6 – Multifactorial causation  

• My opinion – likely multifactorial 

• Complex interplay – not yet fully understood 
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Conclusions
• Many pathogens disappeared during pandemic restrictions & are now reappearing 

• Pathogen absence is an unusual state, not their presence 

• COVID-19 pandemic created a ‘human experiment’ unprecedented in history 

• Pathogen return is part of return to ‘normality’ 

• Reappearance is not homogeneous – we see irregular and out-of-season return of 

pathogens after pandemic ‘bottleneck’ 

• We also seem to see more serious presentations, esp. in young children, and older 

than usual age at presentation 

• Which of the hypotheses exactly applies is unclear 

• Likely combination of factors, i.e. multifactorial 

• Situation is very complicated – Need for ongoing research & observations
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