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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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Singapore COVID-19 Overview
Singapore – tropical city-state with ~5.5 million population 

Sources: Ministry of Health; https://www.moh.gov.sg and Wikipedia

Rate 0.08%

As of 12 Feb 2023*

Total Cases
2,222,006

1722 
Total Deaths 

As of 12 Feb 2023*
Active Cases
1402

In ICU
1

*On 13 Feb 2023, 
daily reports were 
discontinued
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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 

June 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 

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

April 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) 
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Disappearance and reappearance of respiratory 
viruses during COVID-19 response measures

• Routine Respiratory Pathogens (RP) multiplex PCR testing (BioFire) 
• Around Dec 2019/Jan 2020 – Large proportion of positives – Mainly Flu A/B 
• COVID restrictions set in –

• DORSCON Orange in Feb ‘20; Hard Lockdown (“Circuit Breaker”) in Apr ‘20 
• Reopening Phase 1 in Jun ‘20; Phase 2 later in Jun ‘20; Phase 3 in Jan ‘21

Observations   
• Around Apr ’20, noticed that <1/10 of RP PCRs had pathogens 
• What is going on? All disappeared? 
• About ~13 weeks after reopening, EV/RV reappeared; later AdV  
• Into 2021, other viruses reappeared  

Wan WY, Thoon KC, Loo LH, Chan KS, Oon LLE, Ramasamy A, Maiwald M. Trends in respiratory virus 
infections during the COVID-19 pandemic in Singapore, 2020. JAMA Netw Open. 2021;4(6):e2115973. 
doi:10.1001/jamanetworkopen.2021.15973. 

EV = enterovirus
RV = rhinovirus
AdV = adenovirus



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



EV/RV and AdV
reappear

Further into 2021, more 
reappeared:
• RSV and PIV; still 

nearly no FluA/B 

Heightened measures 
May/June 2021: 
• Downtrend in EV/RV, 

RSV, PIV, AdV

Wan WY, et al. JAMA Netw Open. 2021;4(6):e2115973. doi:10.1001/jamanetworkopen.2021.15973. 9
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Singapore Resp. Virus Data 2021 (KKH)

Calendar Week
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Total No. of 
Samples p/w

EV/RV

RSV 
Resurgence

Heightened 
Restrictions

Heightened 
Restrictions

• EV/RV hangs around and hovers up and down 
• RSV has big resurgence ~April 2021 
• Resp. virus up/down follows restrictions 
• No Influenza A/B KKH Molecular Microbiology Laboratory (unpubl. data)



11

Singapore Resp. Virus Data 2022 (KKH)
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COVID 
Omicron Wave

Total No. of 
Samples p/w

EV/RV

RSV 
~June 2022

FluA cases 
increasing

• EV/RV hangs around and hovers up and down 
• RSV has big resurgence ~June 2022; MPN has peak around October 2022 
• Influenza A/B is coming back 2nd half of year (South. Hemi. Flu Season) 
• HFMD (EV) is coming back Oct/Nov 2022 (not shown) KKH Molecular Microbiology Laboratory (unpubl. data)

2nd COVID 
Omicron Wave

MPN Peak
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Singapore Resp. Virus Data 2023 (KKH)

Calendar Week
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EV/RV

Big AdV
Wave 1st half 
of 2023

• AdV has big wave 1st half of 2023 
• EV/RV hangs around and hovers up and down; cases of EV & PeV meningitis come back  
• RSV has small wave 1st half of 2023 
• SARS-CoV-2 is getting less KKH Molecular Microbiology Laboratory (unpubl. data)

RSV
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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 
• Zero cases since (>2.5 years) 
Bordetella parapertussis
• Came back 2023 
KKH Data, unpublished 
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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



16

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 increasing 
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
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Mycoplasma pneumoniae 
beyond the COVID-19 
pandemic: where is it?

Mycoplasma pneumoniae is a major 
bacterial cause of respiratory 
tract infection.1 In early 2021, we 
established a collaborative global 
network to assess the effect of non-
pharmaceutical interventions against 
COVID-19 on the transmission of 
M pneumoniae. Data collected through 
this network showed a significantly 
reduced incidence of M pneumoniae in 
the first year after the implementation 
of non-pharmaceutical interventions 
(1·69%; April 1, 2020–March 31, 2021) 
compared with previous years (8·61%; 
2017–20),2 as observed for other 
respiratory infections.3 The lifting of 
non-pharmaceutical interventions 
has led to the resurgence of many 
respiratory pathogens.4,5 We used this 
network to track M pneumoniae in the 
second year after the implementation 
of non-pharmaceutical interventions 
(April 1, 2021–March 31, 2022), 
during which these interventions were 
relaxed or discontinued.

Data from 34 sites from 20 countries 
in Europe, Asia, the Americas, and 
Oceania were received (appendix 
pp 3–5). The mean incidence by 
direct test methods was 0·70% 
(SD 2·98; appendix pp 6–7). Using 
such methods (PCR, 26 sites; antigen 
test, one site), M pneumoniae was 
detected in 41 (0·06%) of 64 453 tests 
(appendix pp 9–10). For three national 
or regional surveillances, only the 
number of positive tests was reported: 
122 from Belgium (direct test methods 
using various techniques such as PCR, 

antigen test, and culture), 232 from 
Germany, and 284 from Finland (both 
predominantly  serology).  As 
previously observed,2 a discrepancy 
was found between detection rates 
by PCR (0·1%) and serology (13·3% 
for IgM detection; p<0·01) from 
three sites (Aarau, Switzerland; 
Homburg and Düsseldorf, Germany) 
that reported data separately for each 
method (appendix pp 6–7). Another 
three sites (two sites from Athens, 
Greece; one site from New Delhi, 
India) used exclusively serology (IgM 
detected in 68 [13%] of 519 tests; 
appendix pp 6–7). To highlight the 
complete absence of M pneumoniae 
in contrast to the resurgence of 
other pathogens, we present data 
from Zurich, Switzerland (appendix 
pp 8–10).

These data show an ongoing 
scarcity of M pneumoniae globally. So 
where is it? The reopening of schools 
had little effect on the transmission 
of M pneumoniae in 2020, which 
is surprising because children are 
believed to be the main drivers 
of infection.1,2 Even more striking 
was the sustained suppression of 
M pneumoniae in 2021–22 after 
prolonged periods during which non-
pharmaceutical interventions were 
relaxed or discontinued, while other 
pathogens resurged as an indicator of 
community transmission.5 Considering 
the slow generation time (6 h) and 
slow spread (1–3 week incubation 
period) of M pneumoniae,1 a longer 
time interval might be required 
for re-establishment within the 
population after the lifting of non-
pharmaceutical interventions. We do 
not know when M pneumoniae will 

reappear; however, when it does, an 
exceptionally large wave of infections 
could occur as a result of reduced 
exposure, with a resulting increase in 
rare severe disease, extrapulmonary 
manifestations, or both.1 Continuous 
surveillance could help to alert to the 
resurgence of M pneumoniae.
We declare no competing interests. Study group 
members are listed in the appendix (pp 1–2).
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Mycoplasma 
pneumoniae: gone 
forever? 

Mycoplasma pneumoniae was a 
common cause of respiratory tract 
infections before the COVID-19 
pandemic, with worldwide incidence 
of 8·61% from 2017 to 2020, 
measured by direct test methods.1 
However,  non-pharmaceutical 
interventions (NPIs) against COVID-19 
drastically lowered the transmission of 
M pneumoniae. In the short term, the 
incidence was down to 1·69% between 
2020 and 2021. Lower transmission 
was also observed for other pathogens 
at the time.1 However, M pneumoniae 
transmission also showed long-
term reductions during periods with 
relaxed or discontinued NPIs, with 
an incidence of 0·70% between 2021 
and 2022.2 During the same period 
infections with other pathogens 
resurged, indicating increased 
community transmission.2

The low incidence of M pneumoniae 
led to initiation of the first global 
prospective surveillance study of 
M pneumoniae by our international 
collaborative network.1,2 The network 
was expanded to new countries and 
sites to track M pneumoniae in real time 
in the third year after implementation 
of NPIs against COVID-19 (from 
April 1, 2022, to March 31, 2023).

The prospective global dataset 
included 42 sites in 23 countries 
in Europe, Asia, the Americas, and 
Oceania (appendix pp 6–9). The mean 
incidence of M pneumoniae detected 
by PCR during the 12-month study 
period was 0·82% (SD 2·36; appendix 
pp 10–12). Overall, M pneumoniae was 
detected by PCR in only 214 (0·10%) 
of 212 207 tests (appendix p 13); 
positive PCR results were reported 
in Europe and Asia, but not Oceania 
or the Americas, except for Cuba, 
where two positive results were 
found. Detections by IgM and 
IgG serology were 306 (7·13%) of 
4294, and 574 (13·78%) of 4164, 

respectively (appendix 10–12). 
National surveillances in Belgium 
and Finland reported only positive 
test numbers—194 in Belgium found 
by direct test methods with the use 
of various techniques, and 348 in 
Finland found predominantly with 
the use of serology—but not the total 
number of people tested (appendix 
pp 10–12).

These prospective data for 
M pneumoniae show that, to our 
knowledge, the only absent respiratory 
pathogen was M pneumoniae after 
long periods with discontinued NPIs 
worldwide. Of the various speculations 
about the global unprecedented 
suppression of M pneumoniae infections 
immediately after the implementation 
of NPIs,1 most could be ruled out given 
the sustained absence of M pneumoniae 
after long periods with discontinued 
NPIs. A hypothesis concerning a 
direct biological effect of SARS-CoV-2 
on M pneumoniae has not been 
rejected, but supporting data do not 
exist. Transient herd immunity from 
M pneumoniae epidemics between 
April, 2019, and March, 2020, in several 
countries in Europe and Asia1 is another 
hypothesis. Previously collected data 
indicated an interval of 1–3 years 
between M pneumoniae epidemics in 
Europe and Israel.3 Thus, a resurgent 
peak in Europe would have been 
expected by March, 2023. We observed 
declining detections of M pneumoniae-
specific IgM and IgG antibodies 
by serology from 2020 to 2023,1,2 
consistent with waning herd immunity. 
Resurgence of M pneumoniae has not 
yet been observed.

If M pneumoniae  infections 
resurge, they might affect the world 
population,4,5 which has not been 
exposed to M pneumoniae for the past 
3 years, and result in an increase in rare 
severe disease and extrapulmonary 
manifestations.2 Our continuous 
surveillance will lead to early detection 
of a resurgence of M pneumoniae, 
and will allow a prompt response 
with adequate management of 
re-emerging infections.
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Mycoplasma pneumoniae was a 
common cause of respiratory tract 
infections before the COVID-19 
pandemic, with worldwide incidence 
of 8·61% from 2017 to 2020, 
measured by direct test methods.1 
However,  non-pharmaceutical 
interventions (NPIs) against COVID-19 
drastically lowered the transmission of 
M pneumoniae. In the short term, the 
incidence was down to 1·69% between 
2020 and 2021. Lower transmission 
was also observed for other pathogens 
at the time.1 However, M pneumoniae 
transmission also showed long-
term reductions during periods with 
relaxed or discontinued NPIs, with 
an incidence of 0·70% between 2021 
and 2022.2 During the same period 
infections with other pathogens 
resurged, indicating increased 
community transmission.2

The low incidence of M pneumoniae 
led to initiation of the first global 
prospective surveillance study of 
M pneumoniae by our international 
collaborative network.1,2 The network 
was expanded to new countries and 
sites to track M pneumoniae in real time 
in the third year after implementation 
of NPIs against COVID-19 (from 
April 1, 2022, to March 31, 2023).

The prospective global dataset 
included 42 sites in 23 countries 
in Europe, Asia, the Americas, and 
Oceania (appendix pp 6–9). The mean 
incidence of M pneumoniae detected 
by PCR during the 12-month study 
period was 0·82% (SD 2·36; appendix 
pp 10–12). Overall, M pneumoniae was 
detected by PCR in only 214 (0·10%) 
of 212 207 tests (appendix p 13); 
positive PCR results were reported 
in Europe and Asia, but not Oceania 
or the Americas, except for Cuba, 
where two positive results were 
found. Detections by IgM and 
IgG serology were 306 (7·13%) of 
4294, and 574 (13·78%) of 4164, 

respectively (appendix 10–12). 
National surveillances in Belgium 
and Finland reported only positive 
test numbers—194 in Belgium found 
by direct test methods with the use 
of various techniques, and 348 in 
Finland found predominantly with 
the use of serology—but not the total 
number of people tested (appendix 
pp 10–12).

These prospective data for 
M pneumoniae show that, to our 
knowledge, the only absent respiratory 
pathogen was M pneumoniae after 
long periods with discontinued NPIs 
worldwide. Of the various speculations 
about the global unprecedented 
suppression of M pneumoniae infections 
immediately after the implementation 
of NPIs,1 most could be ruled out given 
the sustained absence of M pneumoniae 
after long periods with discontinued 
NPIs. A hypothesis concerning a 
direct biological effect of SARS-CoV-2 
on M pneumoniae has not been 
rejected, but supporting data do not 
exist. Transient herd immunity from 
M pneumoniae epidemics between 
April, 2019, and March, 2020, in several 
countries in Europe and Asia1 is another 
hypothesis. Previously collected data 
indicated an interval of 1–3 years 
between M pneumoniae epidemics in 
Europe and Israel.3 Thus, a resurgent 
peak in Europe would have been 
expected by March, 2023. We observed 
declining detections of M pneumoniae-
specific IgM and IgG antibodies 
by serology from 2020 to 2023,1,2 
consistent with waning herd immunity. 
Resurgence of M pneumoniae has not 
yet been observed.

If M pneumoniae  infections 
resurge, they might affect the world 
population,4,5 which has not been 
exposed to M pneumoniae for the past 
3 years, and result in an increase in rare 
severe disease and extrapulmonary 
manifestations.2 Our continuous 
surveillance will lead to early detection 
of a resurgence of M pneumoniae, 
and will allow a prompt response 
with adequate management of 
re-emerging infections.
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Mycoplasma pneumoniae was a 
common cause of respiratory tract 
infections before the COVID-19 
pandemic, with worldwide incidence 
of 8·61% from 2017 to 2020, 
measured by direct test methods.1 
However,  non-pharmaceutical 
interventions (NPIs) against COVID-19 
drastically lowered the transmission of 
M pneumoniae. In the short term, the 
incidence was down to 1·69% between 
2020 and 2021. Lower transmission 
was also observed for other pathogens 
at the time.1 However, M pneumoniae 
transmission also showed long-
term reductions during periods with 
relaxed or discontinued NPIs, with 
an incidence of 0·70% between 2021 
and 2022.2 During the same period 
infections with other pathogens 
resurged, indicating increased 
community transmission.2

The low incidence of M pneumoniae 
led to initiation of the first global 
prospective surveillance study of 
M pneumoniae by our international 
collaborative network.1,2 The network 
was expanded to new countries and 
sites to track M pneumoniae in real time 
in the third year after implementation 
of NPIs against COVID-19 (from 
April 1, 2022, to March 31, 2023).

The prospective global dataset 
included 42 sites in 23 countries 
in Europe, Asia, the Americas, and 
Oceania (appendix pp 6–9). The mean 
incidence of M pneumoniae detected 
by PCR during the 12-month study 
period was 0·82% (SD 2·36; appendix 
pp 10–12). Overall, M pneumoniae was 
detected by PCR in only 214 (0·10%) 
of 212 207 tests (appendix p 13); 
positive PCR results were reported 
in Europe and Asia, but not Oceania 
or the Americas, except for Cuba, 
where two positive results were 
found. Detections by IgM and 
IgG serology were 306 (7·13%) of 
4294, and 574 (13·78%) of 4164, 

respectively (appendix 10–12). 
National surveillances in Belgium 
and Finland reported only positive 
test numbers—194 in Belgium found 
by direct test methods with the use 
of various techniques, and 348 in 
Finland found predominantly with 
the use of serology—but not the total 
number of people tested (appendix 
pp 10–12).

These prospective data for 
M pneumoniae show that, to our 
knowledge, the only absent respiratory 
pathogen was M pneumoniae after 
long periods with discontinued NPIs 
worldwide. Of the various speculations 
about the global unprecedented 
suppression of M pneumoniae infections 
immediately after the implementation 
of NPIs,1 most could be ruled out given 
the sustained absence of M pneumoniae 
after long periods with discontinued 
NPIs. A hypothesis concerning a 
direct biological effect of SARS-CoV-2 
on M pneumoniae has not been 
rejected, but supporting data do not 
exist. Transient herd immunity from 
M pneumoniae epidemics between 
April, 2019, and March, 2020, in several 
countries in Europe and Asia1 is another 
hypothesis. Previously collected data 
indicated an interval of 1–3 years 
between M pneumoniae epidemics in 
Europe and Israel.3 Thus, a resurgent 
peak in Europe would have been 
expected by March, 2023. We observed 
declining detections of M pneumoniae-
specific IgM and IgG antibodies 
by serology from 2020 to 2023,1,2 
consistent with waning herd immunity. 
Resurgence of M pneumoniae has not 
yet been observed.

If M pneumoniae  infections 
resurge, they might affect the world 
population,4,5 which has not been 
exposed to M pneumoniae for the past 
3 years, and result in an increase in rare 
severe disease and extrapulmonary 
manifestations.2 Our continuous 
surveillance will lead to early detection 
of a resurgence of M pneumoniae, 
and will allow a prompt response 
with adequate management of 
re-emerging infections.
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Mycoplasma pneumoniae was a 
common cause of respiratory tract 
infections before the COVID-19 
pandemic, with worldwide incidence 
of 8·61% from 2017 to 2020, 
measured by direct test methods.1 
However,  non-pharmaceutical 
interventions (NPIs) against COVID-19 
drastically lowered the transmission of 
M pneumoniae. In the short term, the 
incidence was down to 1·69% between 
2020 and 2021. Lower transmission 
was also observed for other pathogens 
at the time.1 However, M pneumoniae 
transmission also showed long-
term reductions during periods with 
relaxed or discontinued NPIs, with 
an incidence of 0·70% between 2021 
and 2022.2 During the same period 
infections with other pathogens 
resurged, indicating increased 
community transmission.2

The low incidence of M pneumoniae 
led to initiation of the first global 
prospective surveillance study of 
M pneumoniae by our international 
collaborative network.1,2 The network 
was expanded to new countries and 
sites to track M pneumoniae in real time 
in the third year after implementation 
of NPIs against COVID-19 (from 
April 1, 2022, to March 31, 2023).

The prospective global dataset 
included 42 sites in 23 countries 
in Europe, Asia, the Americas, and 
Oceania (appendix pp 6–9). The mean 
incidence of M pneumoniae detected 
by PCR during the 12-month study 
period was 0·82% (SD 2·36; appendix 
pp 10–12). Overall, M pneumoniae was 
detected by PCR in only 214 (0·10%) 
of 212 207 tests (appendix p 13); 
positive PCR results were reported 
in Europe and Asia, but not Oceania 
or the Americas, except for Cuba, 
where two positive results were 
found. Detections by IgM and 
IgG serology were 306 (7·13%) of 
4294, and 574 (13·78%) of 4164, 

respectively (appendix 10–12). 
National surveillances in Belgium 
and Finland reported only positive 
test numbers—194 in Belgium found 
by direct test methods with the use 
of various techniques, and 348 in 
Finland found predominantly with 
the use of serology—but not the total 
number of people tested (appendix 
pp 10–12).

These prospective data for 
M pneumoniae show that, to our 
knowledge, the only absent respiratory 
pathogen was M pneumoniae after 
long periods with discontinued NPIs 
worldwide. Of the various speculations 
about the global unprecedented 
suppression of M pneumoniae infections 
immediately after the implementation 
of NPIs,1 most could be ruled out given 
the sustained absence of M pneumoniae 
after long periods with discontinued 
NPIs. A hypothesis concerning a 
direct biological effect of SARS-CoV-2 
on M pneumoniae has not been 
rejected, but supporting data do not 
exist. Transient herd immunity from 
M pneumoniae epidemics between 
April, 2019, and March, 2020, in several 
countries in Europe and Asia1 is another 
hypothesis. Previously collected data 
indicated an interval of 1–3 years 
between M pneumoniae epidemics in 
Europe and Israel.3 Thus, a resurgent 
peak in Europe would have been 
expected by March, 2023. We observed 
declining detections of M pneumoniae-
specific IgM and IgG antibodies 
by serology from 2020 to 2023,1,2 
consistent with waning herd immunity. 
Resurgence of M pneumoniae has not 
yet been observed.

If M pneumoniae  infections 
resurge, they might affect the world 
population,4,5 which has not been 
exposed to M pneumoniae for the past 
3 years, and result in an increase in rare 
severe disease and extrapulmonary 
manifestations.2 Our continuous 
surveillance will lead to early detection 
of a resurgence of M pneumoniae, 
and will allow a prompt response 
with adequate management of 
re-emerging infections.
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Supplementary Figure S1. Mycoplasma pneumoniae detections by PCR across the 

world from April 1, 2022 to March 31, 2023, the 3rd year after the worldwide introduction 

of NPIs against COVID-19 in March 2020. (A) Bar of pie chart with number and 

proportion of positive and negative PCR test results (pie chart) and detections 

separated by country (bar). (B) Stacked area chart with number of detections per 

month and year for each country. The two national surveillances with only positive test 

numbers available (and no total test numbers) are not included (Belgium and Finland, 

appendix 3). 
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Respiratory Bacteria – Further Developments
2019

2021

2020

2022

2023

Bper – Bordetella pertussis
Bpar – Bordetella parapertussis
Mpn – Mycoplasma pneumoniae
Cpn – Chlamydophila pneumoniae
• Pertussis remains absent
• Mycoplasma returns slowly after >2.5 y near-absence
• Parapertussis returns to > than pre-pandemic levels
• Chlamydophila very few cases pre- and post-pandemic
KKH Data, unpublished 
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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 other respiratory 
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.) 

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

• Pertussis remains absent; parapertussis has a surge; Mpn starts returning
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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 

• There are many different resp. viruses & bacteria (e.g. Rhinovirus >100 types) 

• Similar for gastrointestinal pathogens 

• Children are now non-immune to many pathogens 

• Children who were not much exposed during restrictions are now exposed to 
returning pathogens 

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

Possible Relationship to the ‘Hygiene Hypothesis’    
• Exposure to dirt and less harmful pathogens helps train immune system 

• May also have preventative function against allergies 
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Competing Hypotheses
Hypothesis 1 – Simple lack of exposure 

• People not exposed to specific pathogens – 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 immune system  

• See Hygiene Hypothesis – earlier slide 

• Biologically very plausible, but concrete support is missing  

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 



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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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 apply is currently unclear – possibly combination 

• Situation is very complicated – Need for ongoing research 
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