
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Journal of Infection 85 (2022) 90–122 

Contents lists available at ScienceDirect 

Journal of Infection 

journal homepage: www.elsevier.com/locate/jinf 

Letter to the Editor 

Dynamic changes of serum SARS-CoV-2 antibody levels in 

COVID-19 patients 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

n  

t

 

A  

3  

d  

l  

w  

(  

2

 

A  

A  

6  

I  

A  

p  

1

 

(  

2  

A  

n  

m  

c  

T  

1

 

d  

t

H  

a

K  

t

Y  

b  

t  

i  

m  

m  

a  

M

 

r  

l  

a

 

t  
Dear Editor, 

Coronavirus disease 2019 (COVID-19) caused by severe acute

respiratory syndrome coronavirus 2 (SARS-CoV-2) was first re-

ported in December 2019 and spread rapidly and globally, lead-

ing to a worldwide pandemic currently. As of April 4, 2022, more

than 489 million confirmed COVID-19 cases and 6 million deaths

were reported to WHO around the world. 1 Evaluating the durabil-

ity of the humoral immune response to SARS-CoV-2 is essential

to understand the susceptibility of COVID-19 patients to the same

virus after recovered from the infection. Recently, it has been re-

ported in neutralization assays using SARS-CoV-2 virus that neu-

tralization antibodies titer is correlated with protection against re-

infection. 2 Serum immunoglobulin M (IgM) and immunoglobulin

G (IgG) against SARS-CoV-2 were detectable within the first sev-

eral weeks after symptom onset. 3 To date, there are few data on

long-term of antibodies response to SARS-CoV-2 after initial infec-

tion. Here, the aim of this study is to investigate the duration or

stability of viral-specific humoral responses in COVID-19 recovered

patients. 

This was a retrospective study involving 61 hospitalized pa-

tients with laboratory-confirmed COVID-19 in the Renmin Hos-

pital of Wuhan University, Wuhan, China from January 17, 2020

to March 7, 2020. Patients received follow-up visits form Febru-

ary 25, 2020 to January 29, 2021. Each patient had at least two

antibody tests, with a total of 173 serum samples collected. The

time points were defined as the days after symptom onset in

which samples were collected. From the first to fourth time point,

it was days 1–30, 31–60, 61–120, and 296–368, respectively. The

serum antibodies against SARS-CoV-2 (IgM, IgG and neutraliza-

tion antibodies) were detected by a chemiluminescent immunoas-

say (YHLO Biotech, Shenzhen, China). The samples were processed

and analyzed according to the manufacturer’s instructions. Val-

ues ≥ 10 AU/mL are considered positive. This study was approved

by the Ethics Committee of Renmin Hospital of Wuhan University

(Approve No. WDRY2020-K073). Continuous variables were present

as median and interquartile range (IQR) and the Kruskall-Wallis

test was applied. A p-value less than 0.05 was statistically signif-

icant. All statistical analyses and scientific graphics were made by

using SPSS 20.0. 

From 17 January 2020 to 7 March 2020, a total of 61 COVID-19

patients were recruited in our study. The median age was 34 years

(IQR, 30–47). 72.13% (44/61) were women and 27.87% (17/61) men.

29, 53, 30 and 61 specimens were collected 1–30 days, 31–60 days,

61–120 days, and 296–368 days after the onset of symptoms, re-

spectively. We illustrate the overall profile of serum IgM, IgG, and
https://doi.org/10.1016/j.jinf.2022.04.032 
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eutralization antibodies against SARS-CoV-2 from day 1 to 368 af-

er illness onset in Table 1 and Fig 1 . 

The median serum IgM level was 22.79 (IQR, 6.45, 150.97)

U/mL in 1–31 days, reduced to 17.61 (IQR, 3.65, 57.05) AU/mL in

1–60 days, increased to 31.58 (IQR, 11.38,125.22) AU/mL in 61–120

ays, but the difference was not statistically significant. The IgM

evel in days 296 to 368 reduced to 2.66 (IQR, 1.16, 8.22) AU/mL,

hich decreased significantly compared with other time periods

 Fig. 1 ). The positive rates of IgM were 65.52%, 58.49%, 80.00% and

2.95%, respectively ( Fig. 2 ). 

The median serum IgG level was 86.67 (IQR, 46.88, 208.04)

U/mL in 1–31 days, increased to 123.67 (IQR, 56.22, 191.01)

U/mL in 31–60 days and 158.94 (IQR, 115.69, 232.16) AU/mL in

1–120 days, but the difference was not statistically significant. The

gG level in days 296 to 368 reduced to 36.32 (IQR, 14.6 8,78.6 8)

U/mL, which decreased significantly compared with other time

eriods ( Fig. 1 ). The positive rates of IgG were 96.55%, 10 0.0 0%,

0 0.0 0% and 81.97%, respectively ( Fig 2 ). 

The median serum neutralization antibodies level was 35.32

IQR, 12.16, 160.60) AU/mL in 1–31 days, increased to 54.43 (IQR,

3.98, 145.74) AU/mL in 31–60 days and 80.13 (IQR, 56.98, 202.36)

U/mL in 61–120 days, but the difference was not statistically sig-

ificant. The neutralization antibodies level in days 296 to 368

arkedly reduced to 14.30 (IQR, 7.77, 27.9) AU/mL, which de-

reased significantly compared with other time periods ( Fig. 1 ).

he positive rates of neutralization antibodies were 79.31%, 92.45%,

0 0.0 0% and 67.21%, respectively ( Fig. 2 ). 

Some studies performed at the beginning of the COVID-19 pan-

emic showed that the amount of anti-SARS-COV-2 IgM/IgG an-

ibodies decreased in several months post onset of symptoms. 4 , 5 

owever, Gong X et al. found that anti-SARS-CoV-2 IgG can last for

t least 9 months in patients with a history of natural infection. 6 

aygusuz S et al. also showed that both IgG and neutralization an-

ibodies levels continued unabated after 9 months of follow-up. 7 

ousefi Z et al. found that the level of anti-SARS-CoV-2 IgG anti-

ody was detectable at their highest level for 3 months, and a cer-

ain amount of anti-SARS-COV-2 IgG antibody could be detected

n the serum of recovered patients up to 15 months. 8 The hu-

oral immunity persisted for up to 18 months in patients with

ild COVID-19. 9 The maximum duration of neutralizing antibodies

nd IgG antibodies could be long-lasting based on Linear Mixed

odels, especially IgG. 10 

Our study has several limitations such as small sample size,

etrospective study, and different sample collection time. The re-

ationship between clinical features and antibody dynamics, such

s disease severity, was not discussed. 

According to the present study’s results, despite the decrease in

he amount of IgG and neutralization antibodies in 297–368 days,
eserved. 

https://doi.org/10.1016/j.jinf.2022.04.032
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Table 1 

Levels of serum antibodies at different times. 

1–30 (d) 31–60 (d) 61–120 (d) 296–368 (d) 

IgM antibodies 22.79 (6.45, 150.97) 17.61 (3.65, 57.05) 31.58 (11.38, 125.22) 2.66 (1.16, 8.22) 

IgG antibodies 86.67 (46.88, 208.04) 123.67 (56.22, 191.01) 158.94 (115.69, 232.16) 36.32 (14.68, 78.68) 

Neutralization antibodies 35.32 (12.16, 160.60) 54.43 (23.98, 145.74) 80.13 (56.98, 202.36) 14.30 (7.77, 27.9) 

Fig. 1. Dynamic changes in antibodies against SARS-CoV-2. (A–C) Dynamic changes in IgM antibody (A), IgG antibody (B) and neutralization antibodies (C) in representative 

patients over the monitoring period. P-values were calculated by Kruskal Wallis test. P-values < 0.05 were considered significant with ∗ , ∗∗ , and ∗∗∗ indicate p < 0.05, < 0.01, 

and < 0.001, respectively. 

Fig. 2. Serum antibody positive rates at different times. The positive rates of IgM, IgG and neutralization antibodies reached the peak in 61–120 days and decreased signifi- 

cantly in 297–368 days. 
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 certain amount of antibody could still be detected in most recov-

red COVID-19 patients. 
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Dear Editor, 

In this journal, Yang et al. , demonstrated significant increase

in neutralizing antibody response against Alpha, Beta, Gamma,

Delta and Omicron variant post homologous booster vaccination

of BBIBP-CorV. 1 Many studies have proven the importance of reg-

ular and booster vaccination in protecting the human population

from serious disease and mortality from SARS-CoV-2. India has
ti-SARS-CoV-2 antibodies in COVID-19 patients and healthy volunteers up to
6 months post disease onset. Eur J Immunol 2020; 50 (12):2025–40 . 

5. Ma H. , Zhao D. , Zeng W. , et al. Decline of SARS-CoV-2-specific IgG, IgM and IgA
in convalescent COVID-19 patients within 100 days after hospital discharge. Sci

China Life Sci 2021; 64 (3):482–5 . 
6. Gong X. , Cui P. , Wu H. , et al. Long-term immune responses in patients with

confirmed novel coronavirus disease-2019: a 9-month prospective cohort study
in Shanghai, China. BMC Infect Dis 2022; 22 (1):240 . 

7. Kaygusuz S. , Korukluo ̆glu G. , Co ̧s gun Y. , et al. Investigation and long-term mon-

itoring of the presence of neutralizing antibody in patients with covid-19 dis-
ease of different clinical severity. J Med Virol 2022 . 

8. Yousefi Z. , Taheri N. , Dargahi M. , et al. Long-term persistence of anti-SARS–
COV-2 IgG antibodies. Curr Microbiol 2022; 79 (4):96 . 

9. Choe P.G. , Hong J. , Park J. , et al. Persistent antibody responses up to 18 months
after mild SARS-CoV-2 infection. J Infect Dis 2022 . 

10. Guzmán-Martínez O. , Guardado K. , Varela-Cardoso M. , et al. Generation and

persistence of S1 IgG and neutralizing antibodies in post-COVID-19 patients.
Infection 2021:1–10 . 
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Reduced neutralizing antibody response in naïve 

Covishield vaccinees against Omicron emphasizes booster 

vaccination 
everely affected with emerging SARS-CoV-2 Variants of Concern

VOCs) during several waves of the COVID-19 pandemic. In fight

gainst SARS-CoV-2, India has initiated national COVID-19 vaccina-

ion program on 16 January 2021. A major part of the population

n India have been administered with the first/second dose of Cov-

shield vaccine (1,51,12,99,993). However, small population has re-

eived the first/second dose of Covaxin, an indigenously developed

nactivated vaccine (30,69,67,102). Even with the high vaccination

overage in the country, large number of the breakthrough cases

ere reported and created hesitancy for vaccination. The waning

mmune response post vaccination is the probable cause and im-

ortant factor associated with these breakthrough infections. 

The recently emerged highly transmissible SARS-CoV-2 Omicron

ariant has also caused exponential rise in Covid-19 cases with

reakthrough infection and re-infection worldwide including In-

ia. 2-5 The Omicron variant have been evolved into 75 sub lin-

ages. These sub lineages have been detected from 175 countries

nd BA.1.1, BA.2, BA.1 found to be dominating the other sub lin-

ages of Omicron. 6 Recently, the World health organization has

lso warned about XE variant which is mutant hybrid of BA.1 and

A.2. The Omicron has also altered pathogenesis due to change

n cellular tropism which could be the reason for the milder

isease. 7 It has been reported that the Omicron variant signifi-

antly evades immune response generated with therapeutic mon-

clonal antibodies and the vaccine-elicited neutralizing antibodies

fter two doses of COVID-19 vaccine. 8 Andrews and Rossler et al.,

emonstrated limited protection against severe disease caused by

he Omicron variant in individuals vaccinated with two doses of

hAdOx1 nCoV-19. 9-10 Besides this, few studies have also reported

educed neutralization of Omicron variant with the sera of ChA-

Ox1 nCoV-19 vaccinees. 11-12 Apparently, it has been found that

he booster dose of mRNA vaccine boosts the immune response

hich protects against Omicron but immunity wanes over time. 13 

Globally, various research groups are studying the vaccine ef-

ectiveness against the VOCs and the rate of breakthrough post

accination. Here, we report the IgG and neutralizing antibody re-

ponse in individuals vaccinated with two doses of Covishield vac-

ine against B.1, Delta, Beta and Omicron variant. 

Briefly, the sera were collected from COVID-19 naïve individuals

accinated with two doses of Covishield ( n = 24; 180 days post

econd vaccination), COVID-19 recovered cases vaccinated with

wo doses of Covishield ( n = 17; 180 days post second vaccina-

ion) and individuals with SARS-CoV-2 breakthrough infection post

accination with two doses of Covishield ( n = 46; 14–30 days post

nfection). All the recovered cases ( n = 17) were infected with pro-

otype B.1 variant. Of the 46 breakthrough cases, complete genome

ould be retrieved only from 21 cases. Seventeen cases were found

o be affected with Delta variant, while four with Kappa variant.

ll the serum samples were screened for IgG antibodies using S1-

BD and N-protein ELISA. Besides this, the neutralization poten-

ial of these sera was assessed against B.1, Delta, Beta and Omicron

ariant with plaque reduction neutralization test (PRNT). 

The geometrical mean titre (GMT) of IgG antibodies with S1-

BD ELISA was lesser in naïve vaccinees (147.5; 95% CI: 92.4–235.4)

ompared to the recovered cases (634.2; 95% CI: 406.1–990.6) and

reakthrough cases (1683; 95% CI: 1119–2553). Similar decreas-

ng trend in GMT titres was observed with N protein ELISA for

aïve vaccinees (77.2; 95% CI: 55.1–109.6) with respect to recov-

red cases (112.1; 95% CI: 69.9–179.9) and breakthrough infection

594.1; 95% CI: 349.9–1009) ( Fig. 1 A-B). 

Neutralization studies demonstrated reduction in the GMT titre

f neutralizing antibodies (NAb) against Omicron with sera of naïve

accinees (32.81-fold; 95% CI: 14.7–73.2), recovered cases (28.13-

old; 95% CI: 75.9–10.4) and breakthrough cases (46.86-fold; 95%

I: 74.1–29.6) compared to prototype B.1 variant. All the three

roups effectively neutralized the B.1, Beta and Delta variants than
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Fig. 1. Anti SARS-CoV-2 IgG antibody response in sera of individuals vaccinated with two doses of Covishield (blue), recovered cases with Covishield vaccination (red) and 

breakthrough cases with Covishield vaccination (green) (A) IgG antibody response with S1-RBD ELISA (B) IgG antibody response with N protein ELISA. A two-tailed pair-wise 

comparison was performed using the Kruskal Wallis test with a p-value of 0.05. The dotted line on the figures indicates the limit of detection of the assay. Data are presented 

as geometric mean titer values with 95% confidence interval. 

Fig. 2. Neutralizing antibody (NAb) response in sera of individuals vaccinated with (A) two doses of Covishield; (B) recovered cases with Covishield vaccination and (C) 

breakthrough cases with Covishield vaccination against Delta, Beta and Omicron variants compared to B.1. NAb tires in three groups against (D) B.1, (E) Delta, (F) Beta, (G) 

Omicron variants with respect to vaccinated individuals with two doses. A two-tailed pair-wise comparison was performed using the Kruskal Wallis test with a p-value of 

0.05. The dotted line on the figures indicates the limit of detection of the assay. Data are presented as geometric mean titer values with 95% confidence interval. 
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micron ( Fig. 2 A-G). The GMT titre of NAb was lowest for Omicron

ith the sera of naïve vaccinees (0.11; 95% CI: 0.07–0.19) than the

ecovered cases (11.28; 95% CI: 2.63–51.1) and breakthrough cases

26.25; 95% CI: 8.5–81.4) ( Fig. 2 G). With highest mutations in spike

egion, omicron variant clearly showed immune escape against re-

pective neutralizing antibodies induced with Delta variant infec-

ion in breakthrough cases than B.1, Delta and Beta variant. Even

hough highest fold-reduction amongst breakthrough cases was

bserved with Omicron variant, it also had highest NAb titre than

he recovered cases and naïve vaccinees. Breakthrough cases also

epresented maximum NAb response against all the variants than

aïve vaccines and recovered cases. 

Despite the fact that vaccines are effective against severe SARS-

oV-2 infection, many breakthrough and re-infection cases were

bserved during the pandemic. The shifting paradigm would be

ainly due to the reducing/waning immune responses post either

atural infection or vaccinations, emergence of the new SARS-CoV-

 variant and its immune escape potential. In summary, our study

emonstrated lowest IgG and NAb response in naïve vaccinees than

ther groups. This emphasizes the waning immune response in

aïve vaccinees post second dose and warrants the administration

f precautionary dose to boost the immunity. 
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d  
ear Editor, 

The spreading of SARS-CoV-2 variants of concern (VOCs) have

een associated with a surge of COVID-19 cases and the bur-

en of the healthcare systems worldwide ( https://www.who.int/

n/activities/tracking- SARS- CoV- 2- variants ). In response, the Refer-

nce center for the Network of COVID-19 Genomic Surveillance in

he Canary Islands (Spain) was established in our laboratories by

he regional public health system. We tracked the early emergence

f the Alpha variant [1] and described the introduction and dy-

amics of four VOCs in the region from December 2020 to Septem-

er 2021 [3] . There are major concerns that some VOCs may cause

ncreased disease severity. In this journal, Strålin and colleagues

ave reported higher rates of hospitalization, severe illness and

eath among those infected with the Alpha variant (B.1.1.7) com-

ared to non-VOC lineages [5] . Since the Delta (B.1.617.2) variant

as been associated with even higher disease severity compared

ith Alpha (B.1.1.7) [6] , here we aimed to retrospectively assess

he association between infection by the two major VOCs circu-

ating in the Canary Islands (Spain) archipelago during the period

nd 28-day mortality among a cohort of hospitalized patients. 

The study was conducted at the University Hospital Nuestra

eñora de Candelaria (HUNSC) (Santa Cruz de Tenerife, Spain).

he institutional review board approved the study (approval

HUNSC_2020_24). As previously described [3] , nasopharyngeal

wab samples were collected in the Canary Islands archipelago

rom December 2020 to September 2021. Of the 8224 samples

nalysed throughout the study period, clinical and patient data

ere available for only a subset of 5544 samples, out of which 532

amples were collected from hospitalized patients in our center.

o exclude samples from patients who attended the hospital for

auses unrelated to COVID-19 or who could have had a nosocomial

ARS-CoV-2 infection, we included in the analysis only those pa-

ients who were hospitalized between one and 21 days from symp-

oms onset. Sample collection, genome sequencing and lineage as-

ignment are briefly described in the supplementary material and

urther detailed elsewhere [3] . Logistic and Cox proportional haz-

rd regression models adjusting for patient age, sex, days of hospi-

al stay, and personal history of comorbidities were used to assess

hether infection by VOCs in hospitalized patients was associated

ith 28-day hospital mortality. 

Clinical and demographic information of the study popula-

ion is included in Table S1 . A total of 423 genome sequences

ere identified as Alpha (B.1.1.7) or Delta (B.1.617.2 and sub-

ineages). Delta was found in a slightly lower proportion of el-

erly ( > 50 years) patients (59.2%) compared with Alpha (65.9%),

robably reflecting a larger proportion of vaccinated individuals

n that age range when Delta was circulating (May to Septem-

er 2021) [3] . Despite this, and the higher proportion of vaccina-

ion when Delta circulated (50–75% of the population with ≥1

ose between July and September 2021) than when Alpha cir-
# equal first author
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ssociation of the Delta SARS-CoV-2 variant with 28-day 

ospital mortality between December 2020 and 
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Table 1 

Association results of SARS-CoV-2 VOCs infections with 28-day mortality among hospitalized patients. 

Logistic regression Cox regression 

Odds Ratio (95% CI) p -value Hazard Ratio (95% CI) p -value 

Lineage (Delta (B.1.617.2 and sublineages) vs. Alpha (B.1.1.7)) 2.24 (1.11–4.78) 0.029 2.28 (1.18–4.39) 0.014 

Age (years old) 1.06 (1.03–1.09) 4.68 × 10 −6 1.05 (1.03–1.07) 1.20 × 10 −6 

Sex (male) 2.45 (1.17–5.40) 0.020 2.03 (1.06–3.88) 0.031 

Length of hospital stay (days) 0.98 (0.95–1.01) 0.415 0.93 (0.89–0.97) 2.64 × 10 −4 

Comorbidities ∗ 1.65 (0.69–4.21) 0.271 1.55 (0.66–3.60) 0.309 

CI, confidence interval. 
∗Detailed in Table S1. 
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ulated (1–35% of the population with ≥1 dose between Jan-

ary and June 2021) ( https://www.sanidad.gob.es/profesionales/

aludPublica/ccayes/alertasActual/nCov/pbiVacunacion.htm ), infec- 

ion by Delta lineages was associated with higher 28-day hospi-

al mortality compared to that of Alpha irrespective of the model

 Table 1 ). Age and male sex were also consistent predictors of

igher 28-day hospital mortality. 

As a limitation, we did not have access to the vaccination status

f the patients. This is mainly due to the lack of a centralized sys-

em in Spain where patient vaccination status is stored and to the

arge proportion of the floating or non-resident population in the

slands, such as holidaymakers, nomadic workers, or migrants, who

ack health status information in the local databases. We aimed to

itigate the bias caused by this by focusing on hospitalized pa-

ients, under the idea that their vaccination level was less rele-

ant for disease severity once the patient was hospitalized. Taken

ogether, hospitalized cases with Delta or any of its sub-lineages

ere associated with higher mortality compared to those with Al-

ha, adding to the evidence supporting that Delta was more severe

han pre-existent SARS-CoV-2 variants [ 2 , 4 , 6 ]. 
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We read with interest the publication by Chappell et al. report-

ing a very low risk of severe COVID in immunosuppressed children

in England. 1 

Compared to adults, children and young people (CYP) are more

likely to remain asymptomatic or develop mild symptoms when

exposed to SARS-CoV-2, and less likely to develop severe disease,

be hospitalised, or die of COVID-19. 2 In adults, hospitalisation and

case fatality rates due to COVID-19 are regularly used to measure

disease severity with new variants and following vaccination. 3 The

disconnect between infection and severe disease after successful

COVID-19 immunisation programmes, for example, has been a pri-

mary driver for many countries to remove mitigations even with

the emergence of more transmissible variants. 

In CYP, COVID-19 fatalities are rare and the use of COVID-19

hospitalisations as a proxy for disease severity, 4 is questionable be-

cause of the high rates of incidental (asymptomatic or mild) in-

fections identified during routine SARS-CoV-2 screening of all CYP

presenting to hospital. Two years into the pandemic, there are still

limited data on the risk of hospitalisation for severe COVID-19 in

CYP. We, therefore, undertook a retrospective case-note review of

CYP admitted to a large paediatric hospital in London with PCR-

confirmed SARS-CoV-2 infection over 14-month period covering

the alpha, delta and omicron variant waves ( Fig. 1a and b ). 

St. George’s Hospital is a large teaching hospital providing acute

paediatric A&E, general and specialist paediatric, oncological, sur-

gical and neurosurgical, orthopaedic and trauma, NICU and PICU

care for children in South London. CYP aged 0–18 years with a

SARS-CoV-2 PCR-positive result between 01 December 2020 and

31 January 2022 were identified through the hospital microbiology

laboratory database and their electronic medical records reviewed

by two independent paediatricians. Case rates for 0–18-year-olds in

London were obtained from national community testing data. 5 We

excluded children with PIMS-TS, which typically occurs 2–6 weeks

after SARS-CoV-2 infection by which time SARS-CoV-2 PCR-tests

are usually negative. Confirmed cases were categorised into: 

(i) Incidental: admitted for an unrelated illness, but SARS-CoV-2

PCR-positive on routine screening 
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Very low rates of severe COVID-19 in children hospitalised 

with confirmed SARS-CoV-2 infection in London, England”
ii) Contributory: SARS-CoV-2 potentially contributed to hospitali-

sation 

ii) Severe COVID-19: SARS-CoV-2 was the primary reason for hos-

pitalisation 

During the 14-month period, there were 33,775 CYP A&E atten-

ances and 3593 hospitalisations at St. George’s Hospital. Of these,

47 were hospitalised with a positive SARS-CoV-2 PCR-test. The

istribution of incidental and contributory cases closely followed

ommunity infection rates in London, but hospitalisations for se-

ere COVID-19 occurred mainly during the alpha wave, with very

ew cases during the delta or omicron waves despite large num-

ers of community infections in the same age-group. 

Incidental infections accounted for 83 (57%) cases and included

YP admitted for surgical (24/83, 29%), neurological (12/83, 14%),

rauma (10/83, 12%) and other illnesses (e.g. eating disorders,

eonatal jaundice; 37/83,45%). Cases where SARS-CoV-2 likely con-

ributed to hospitalisation (49/147, 33%) had clinical presentations

hat were typical of other childhood viral illnesses. Most CYP

32/49, 65%) presented with fever and respiratory symptoms, or

ever with inadequate oral intake, which warranted admission for

bservation and/or sepsis screen with antibiotic cover until bacte-

ial cultures returned negative after 48 h; 26% (13/49) in this cat-

gory were aged < 3 months. Other presentations included acute

xacerbation of asthma (7/49, 14%), febrile convulsions (4/49, 8%)

nd other presentations (e.g. diarrhoea and vomiting, feeding dif-

culties, lethargy; 6/49, 12%). Symptoms were generally mild and

nly five required supplemental oxygen during their short hospital

tay. 

Thus, only 15 children (10%) were hospitalised with severe

OVID-19 presenting as pneumonitis, mainly during the alpha vari-

nt wave (10/15, 67%), and in older CYP (9/15 [60%] were aged

2–18 years) with comorbidities (11/15, including 8 with immuno-

uppression) ( Table 1 ). Thirteen CYP required supplemental oxygen,

even required intensive care and all recovered. 

In our hospital, more than half the CYP hospitalised with a

ositive SARS-CoV-2 PCR-test had incidental infection. In a further

hird, SARS-CoV-2 likely contributed to hospitalisation with clin-

cal presentations that were typical of other respiratory viruses

hat are currently not circulating in England because of the phys-

cal distancing measures imposed during various lockdowns. 6 This

roup included mainly high-risk CYP (young infants, immunocom-

romised) who typically presented with fever and mild respira-

ory symptoms but were hospitalised to rule serious underlying

nfection. Of the few CYP hospitalised with COVID-19 pneumoni-

is, most were adolescents and nearly all had underlying condi-

ions, especially immunosuppression. They all recovered, consistent

ith current literature reporting favourable outcomes, including

or CYP with comorbidities and immunosuppression. 1 , 7 Vaccinat-

ng children against COVID-19 will further reduce the small risk of

evere disease, 8-10 but, since current vaccines provide only limited

hort-term protection against infection or mild disease, 8 , 9 the virus

ill likely continue to contribute indirect hospitalisations, just like

ther respiratory viruses. In conclusion, unlike adults, hospitalisa-

ion with a positive SARS-CoV-2 PCR-test is not a useful marker

f severe COVID-19 in children. Our findings demonstrate that, not

nly do CYP have a very low risk of hospitalisation with SARS-CoV-

 infection, but the vast majority of hospitalised CYP (especially

ealthy CYP) with confirmed SARS-CoV-2 infection do not have se-

ere COVID-19, irrespective of SARS-CoV-2 variant, while the mi-

ority with severe COVID-19 recovered without complications. The

ery low rate of severe COVID-19 during the omicron variant wave

s also reassuring. 
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Fig. 1a. Children and young people aged 0–18 years who were admitted to St. George’s Hospital, London, with PCR-confirmed SARS-CoV-2 infection and total case numbers 

for the same age-group in London by month of year during December 2020 to January 2022. The blue bars denote children hospitalised for acute COVID-19, the orange bars 

denote hospitalisations where SARS-CoV-2 likely contributed to the hospitalisation and the grey bars denote incidental infections in children and young people hospitalised 

with other medical conditions. 

Fig. 1b. Children and young people aged 0–18 years who were admitted to St. George’s Hospital, London, with PCR-confirmed SARS-CoV-2 infection by age-group during 

December 2020 to January 2022. The blue bars denote children hospitalised for acute COVID-19, the orange bars denote hospitalisations where SARS-CoV-2 likely contributed 

to the hospitalisation and the grey bars denote incidental infections in children and young people hospitalised with other medical conditions. 
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Table 1 

Supplement Table. Characteristics, clinical presentation, management and outcomes of children and young people aged 0–18 years with PCR-confirmed SARS-CoV-2 infection 

who were hospitalised with acute COVID-19 during December 2020 to January 2022. 

Age Underlying condition Clinical Presentation Hospital days ICU days Oxygen Treatment 

1. <1 year Prematurity Respiratory distress, pneumonia 3 3 Y None 

2. <1 year Prematurity, chronic lung 

disease 

Apnoea, pneumonia 8 6 Y None 

3. <1 year Primary immunodeficiency Chronic diarrhoea, failure to thrive, 

then pneumonia 

8 - N None 

4. <1 year None Pneumonia 2 - N None 

5. 5–11 years Malignancy Febrile neutropaenia 29 - Y Steroids and antivirals 

6. 5–11 years Malignancy Gram-negative bacterial sepsis, 

then pneumonia 

13 2 Y None 

7. 12–18 years Malignancy Gram-negative bacterial sepsis, 

then pneumonia 

10 - Y Steroids and antivirals 

8. 12–18 years Malignancy Febrile neutropenia and pneumonia 10 2 Y 2 admissions: Steroids and antivirals 

(1st admission), antivirals (2nd 

admission) 

9. 12–18 years Chronic heart disease Pneumonia 17 7 Y Steroids and antivirals 

10. 12–18 years Malignancy Pneumonia 10 1 Y Steroids and intravenous 

immunoglobulin 

11. 12–18 years None Pneumonia 6 - Y Steroids and antivirals 

12. 12–18 years Malignancy Febrile neutropenia, pneumonia 5 1 Y Steroids 

13. 12–18 years Primary immunodeficiency Prolonged fever 10 - N Antivirals 

14. 12–18 years None Fever and dehydration 1 - N None 

15. 12–18 years Chronic liver disease Pneumonia 4 - Y Steroids 

ICU, intensive care unit. 
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ear Editor, 

Recently, a letter in your journal predicted that the SARS-CoV-2

micron strain will thereby replace the Delta variant as the domi-

ant strain. 1 This prediction has become ever more salient due to

he new wave of COVID-19 outbreaks that has occurred in China.

his round of epidemic is mainly caused by the Omicron subtype

A.2. Since the day when the first Omicron cases were confirmed

nd reported to April 3rd 2022, more than 100-thousand people

ad been infected. The current epidemic in China is unique in its

xtremely high infection rate as well as the high frequency of its

utbreaks over the entire country, which has caused serious chal-

enges in the prevention and control of the epidemic. 

Compared with the original and the Delta strains, the replica-

ion ability of the BA.2 strain in the lungs is greatly reduced, ren-

ering the virus’ pathogenicity greatly weakened.This has resulted

n symptoms that are milder than influenza and close to the level

f the common cold. 2 The hospitalization rate and ICU rate of in-

ected persons have decreased, and the median period of hospital-

zation has also decreased. 3 Nevertheless, the BA.2 strain has be-

ome extremely infectious—the R0 may be as high as 9. Even with

he lower pathogenicity and fatality rate, the mortality rate will

ncrease significantly when a large-scale outbreak occurs, with the

eath concentrated among the elderly, especially those who have

omorbidities and yet to be vaccinated. 4 Recent lessons from Hong
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Fig. 1. Weeky comfirmed cases and asymptomatic cases in China from December 13, 2021 to April 3, 2022. Data for all cases are from National Health Commission of 

the People’s Republic of China ( http://www.nhc.gov.cn ). 

Fig. 2. Geographical distribution of confirmed cases of COVID-19 in China from December 13, 2021 to April 3, 2022, except Macao, Hongkong and Taiwan. Data for all 

cases are from National Health Commission of the People’s Republic of China ( http://www.nhc.gov.cn ). 
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ong exemplify this phenomenon, indicating that improving vacci-

ation rates among the older population should be a high priority 5 

 Figs. 1 and 2 ). 

On March 31 st , a total of 3.27 billion doses of the novel coron-

virus vaccines were purportedly distributed nationwide, with the

otal number of fully vaccinated people reaching 1.27 billion. This

eans that around 90.47% of the total population have been vacci-

ated and 90.63% of people have completed the booster immuniza-

ion in China. In addition, 223.708 million elderly people over the

ge of 60 have received the vaccination, 95% of whom have been

ully vaccinated. In some provinces, the vaccination rate of elders

as reached over 85%. 

Learning from the findings of a large number of medical re-

earch and clinical practices and considering the dynamics in
he domestic and global epidemic situation, the National Health

ommission and the State Administration of Traditional Chinese

edicine issued the “Novel Coronavirus Pneumonia Diagnosis and

reatment Plan (Trial Version 9)” to deal with the new outbreak

f asymptomatic infected individuals with Omicron variant and

 high number of mild cases in China. In conjunction with the

forementioned changes in treatment protocols, several measures

ave been implemented to deal with Omicron in China in order to

ore efficiently implement the “Dynamic zero” policy. Firstly, the

axlovid treatment tablets have been distributed to the frontline,

ith the hope of reducing hospital admissions and deaths among

igh-risk individuals. 6 Secondly, in order to further improve the ef-

ectiveness of early detection of infected persons, the antigen test

its have been added to the detection protocol so as to reduce

http://www.nhc.gov.cn
http://www.nhc.gov.cn
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the testing pressure for local laboratories. Lastly, 19 provinces have

established mobile cabin hospitals to isolate infected people. Eco-

nomic centers such as Shenzhen and Shanghai have even imple-

mentedd a complete lockdown of the city to stifle the spread of

Omicron. 

In addition to the several measures have been announced to

deal with Omicron, the government should continue implementing

the following measures: 1) Studies have shown that a third dose of

vaccination could greatly improve the protection rate, thus the gov-

ernment should continue promoting further vaccination in the fu-

ture in order to maintain the level of community immunity. 2) Epi-

demic prevention policies should be designed in a way that would

not overburden current medical systems whilst ensuring that pa-

tients suffering from basic illness, cancer and other diseases would

receive the timely treatment and care they deserve. 3) “Dynamic

zero” policy should remain in place. The symptoms caused by Omi-

cron infection are mild, hence the public won’t be as cautious as

they used to be. The government should respond to the concept of

coexistence with the virus rationally and put the safety of the peo-

ple in the first place by educating the public on the potential harm

of Omicron strains. 4) Strict mobility policy should be executed to

limit the movement of people in medium to high-risk areas for the

purpose of preventing the spread of the virus. In summary, as the

SARS-CoV-2 continues mutate, the Chinese government should be

more vigilant and adjust virus prevention policy dynamically and

accordingly to avoid further epidemic of outbreaks while minimiz-

ing economic losses. In the near future, when China successfully

overcomes Omicron even other variant strains, other countries may

learn from China’s “Dynamic zero” policy and successfully elimi-

nate SARS-CoV-2 epidemics in the world together. 
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ear Editor, 

A third dose of COVID-19 vaccine has been proved to be neces-

ary to boost antibody level after vaccination for six months [1] .

owever, the emerging variants of concern (VOC) such as Delta

nd Omicron tend to weaken the protection of current vaccines

2] . With the observed waning effectiveness of booster shots [3] ,

hether to get additional doses of vaccine in the future remains

n open question. A previous study on influenza showed inade-

uate vaccination might potentially promote genetic diversity of

5N1 virus [4] , but the effect of vaccination on SARS-CoV-2 still

emains unknown. 

In this study, we downloaded nucleotide sequences of spike

rotein of SARS-CoV-2 from GISAID [5] ( https://www.gisaid.org )

nd classified them by month from Mar. 2020 to Feb. 2022. Daily

accination rates were collected from Our World in Data [6] . In-

reases in genetic diversity of SARS-CoV-2 suggested more mu-

ations, which resulted in more potential VOC and infections [7] .

hannon entropy was used to calculate genetic diversity of viruses

n each site or the whole sequence [8] . Considering the time in-

erval between the second and third doses and immunity period

f current vaccine, an effective vaccination coverage (EVC) was de-

ned by summation of daily vaccination rates of the second and

hird doses on the last day of per month minus that of the second

ose six months before. Time periods of vaccination were divided

nto different regions by changes in the trends of EVC. To study

elationship between genetic diversity of SARS-CoV-2 and vaccina-

ion, correlation analysis of Shannon entropy and EVC were per-

ormed. 

Three representative countries (United States, Israel and Poland)

ith EVC evidently declined were selected ( Fig. 1 ). We caught a

ignificant negative correlation between EVC from Dec. 2020 to

ct. 2021 and Shannon entropy with one month delayed above

eriod in United States with Pearson r < −0.8 ( Fig. 2 ). Though

ignificant correlation was not observed in the other two coun-

ries, the Shannon entropy oscillated in limited ranges and never

xceeded the last highest point during the start vaccination re-

ion. A sharp decline of EVC appeared in United States, leading

o a violent fluctuation of Shannon entropy during the decline re-

ion on Nov. and Dec. 2021, it is the time the Omicron variant

merged. Similar trend was observed in Israel after Jun. 2021 but

ith one month delayed. In Poland, a sharp rise of Shannon en-

ropy was observed in the same time when EVC fell into sluggish

rowth and then decreased during the decline region. Both above

rocesses in Israel and Poland had high negative correlation with

earson r value < −0.8. With rapid follow-up of booster shots in

ecovery region and EVC exceeding 50 percent again, the Shannon
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igh vaccination coverage slows down genetic diversity of 

ARS-CoV-2 
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Fig. 1. Tendency of regions with effective vaccine coverage and Shannon entropy in United States, Israel, Poland and Switzerland. 

Fig. 1. Continued 
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Fig. 2. Correlation analysis of United States by effective vaccination coverage from Dec. 2020 to Oct. 2021 with Shannon entropy one month delayed, Israel from Jun. 2021 

to Oct. 2021 with one month delayed, Poland from Jul. 2021 to Dec. 2021 and Switzerland as control from Jul. 2021 to Feb. 2022 in the same period. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

entropy was significantly suppressed in Israel. The Shannon en-

tropy evidently declined in recovery region in both United States

and Poland, while EVC stabilized at about 40 percent. Shannon en-

tropy rose again immediately in United States in Feb. 2022 with

EVC still below 50 percent, however, more data are needed to ob-

serve. We supposed that EVC might be not less than 50 percent to

have an effect on the genetic diversity of SARS-CoV-2. And another

representative country Switzerland was and selected for valida-

tion, which had EVC stabilized around 50 percent. Though second

dose coverage and EVC diverged from Jul. 2021, Shannon entropy

only oscillated in a limited range in decline region in Switzer-

land and finally declined in recovery region with coverage over

55 percent. 

Based on above analysis, we believe continuous EVC over 50

percent may effectively suppress genetic diversity of SARS-CoV-

2. Weakening effectiveness of second dose vaccination without

booster shot in time may cause a more serious rebound or fluc-

tuation of genetic diversity. It is now generally believed that SARS-

CoV-2 might become an endemic virus [9] and evolution of SARS-

CoV-2 will continue [10] , annual vaccination should be neces-

sary referring to strategy on seasonal influenza. With the potential

trend of enhanced immune escape of emerging SARS-CoV-2 vari-

ants and weakening of current vaccine [11] , our study suggested

next booster shot should be carried out before evident weakening

of the third dose and strategies of vaccination to quickly reach the

rate of EVC over 50 percent should be seriously considered. 
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ear Editor, 

Influenza virus is associated with considerable morbidity and

ortality worldwide. These epidemics occur annually and can be

revented through prophylactic vaccination and mitigated with in-

erventions such as social control measures and specific antivi-

al use. 1,2 Since the recognition of the widespread community

ransmission of severe acute respiratory syndrome coronavirus 2

SARS-CoV-2), surveillance indicators for influenza have reduced

orldwide. 3 The measures implemented for coronavirus disease

019 (COVID-19), including physical distancing, wearing masks,

uarantining, and restricting virus spread/circulation, are also es-

ential to reduce infections caused by influenza and respiratory

yncytial viruses; thus, the detection levels of these respiratory

iruses became historically low and reduced numbers of influenza

iruses were available for WHO characterization than in previous

ears. 4,5 

Although > 65% of the Brazilian population had been fully vac-

inated against covid-19 with two doses by the end of 2021,

razil started the year 2022 with an increase in the number of

ases and hospitalizations due to Omicron variant of SARS-CoV-2

nd influenza A H3N2 Darwin-like virus also spread of the sum-

er. This study sought to report the outbreak of H3N2 in this

ontext. 

This is retrospective, observational study evaluated patients

ith flu-like symptoms who were admitted to the emergency de-

artment of Hospital São Paulo, São Paulo, Brazil, between Novem-

er 2021 and January 2022. Nasal and nasopharyngeal swabs were

ollected from the patients and placed in 2 mL of sterile Ringer’s

actate solution according to the instructions of the Brazilian Min-

stry of Health protocol for the management of the influenza A

H1N1) 2009 pandemic. Total RNA was extracted from the sam-

les using the QIAamp Viral RNA Mini Kit (Qiagen, Hilden, Ger-

any) according to the manufacturer’s instructions. Subsequently,

 one-step quantitative reverse transcription-polymerase chain re-

ction was performed against the viral M gene, with the human

Nase P target as the internal control of the sample quality and

ormalization factor of the cycle threshold values. 

A total of 134 patients with a confirmed diagnosis of influenza

 H3N2 were evaluated. The median age was 58.5 years; 24 (17.9%)

atients had lung disease, 21 (15.6%) had heart disease, 21 (15.6%)

ad hematological disease, 9 (6.7%) were pregnant, 9 (6.7%) were

ged < 5 years, 7 (5.2%) had diabetes, and 6 (4.4%) had nephropa-

hy. Among the patients, 18 (13.4%) required advanced support in

he intensive care unit, 8 (5.9%) died, 5 (3.7%) were coinfected with

ARS-CoV-2 and one of them died at ICU. A report of previous in-

uenza vaccination was uncommon except for those over 65 years.

ig. 1 shows the relative frequency of the confirmed cases of in-

uenza (H3N2) in the epidemiological weeks starting in November

021. 

Fig. 2 illustrates influenza surveillance performed since the be-

inning of the pandemic as well as the relative frequency of the

ases of COVID-19 and influenza in patients hospitalized with se-
Available online 21 April 2022 

ttps://doi.org/10.1016/j.jinf.2022.04.009 

2022 The British Infection Association. Published by Elsevier 

td. All rights reserved. 

eculiar H3N2 outbreak in São Paulo during summer and 

mergence of the Omicron variant 
 

ere acute respiratory syndrome. The graph reflects the ecological

iche occupied competitively by the two viruses—a significant de-

rease in SARS-CoV-2 cases was necessary for the H3N2 outbreak

o occur. 

This outbreak presents some peculiar features. First, it occurred

uring the Brazilian summer, an atypical situation when it comes

o the seasonal flu virus. 2 Flu circulation during summer is usu-

lly minimal because weather conditions are less favorable for the

ransmission of respiratory droplets and aerosols. 6 Second feature

s the low immunity of the population, a few numbers of Influenza

 was detected among our hospitalized patients during the begin-

ing of first wave but influenza A/H3N2 infection was not detected

mong our patients since the pandemic has started. 7,8 . Besides,

H3N2 /Darwin strain was not included in any flu vaccine admin-

stered worldwide. Current flu vaccines are updated annually to in-

lude strains expected to spread in the upcoming influenza season.

revious H3N2 vaccine strain recommended to the southern hemi-

phere formulation was the A H3N2/Hong Kong strain but ferret

nd human antisera react poorly against the Darwin virus in the

eference hemagglutination assay. 9 This mismatch between Hong

ong vaccine strain and the circulating AH3N2/Darwin like virus

lso contribute to increase the susceptibility to infection among

opulation. Finally, previous studies have also reported the occur-

ence of other respiratory viruses when there is a decline in the

umber of COVID-19 cases in various parts of the world, 10 further

onfirming the hypothesis of ecological niche competition among

espiratory viruses. Nonetheless influenza outbreaks can be unpre-

ictable and possible co-circulation during future waves of SARS-

oV-2 can occur. Increase immunization and surveillance for res-

iratory virus infections should be considered part of an essen-

ial public health strategy to combat epidemics that are frequent

orldwide. 
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Fig. 1. Relative frequency of the confirmed cases of H3N2 influenza over the epidemiological weeks. 

Fig. 2. Relative frequency of COVID-19 and H3N2 influenza during the pandemic in patients hospitalized with severe acute respiratory syndrome. 
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ear Editor, 

Acute respiratory infection (ARI) is a leading cause of hospital

dmission of children [1] . The COVID-19 pandemic may pose ex-

ra burden to the ARI. China adopted grid governance measures to

ffectively control the first wave of COVID-19 pandemic [2] . The

utbreak of COVID-19 and the strict control measures may shape

he pathogen spectrum of ARI [3] . Nationwide prospective surveil-

ance of ARI during a 10-year period in China has been reported

4] . In this study, we investigated the etiological feathures of 440

oung patients who were diagonised as acute respiratory infec-

ion in a sentinel hospital between an interval before the COVID-

9 (2019, Oct-2020, Jan) and an interval after the COVID-19 (2020,

ay-2021, Jan) in China. All the patients were verified COVID-19

egative. Throat swab samples were collected weekly. The median

ge of the patients was 6 years, 45.9% were male and 54.1% were
cute respiratory infections in children, before and after 

he COVID-19 pandemic, a sentinel study 
emale. 
(  

ig. 1. Pathogen spetrum of acute respiratory infections in children. Throat swab samples 

he sentinel hospital between an interval before the COVID-19 (2019, Oct-2020, Jan) and a

ested monthly. (B) Comparsion of the paghogen spectrum betwwen the intervals before 
Nucleic acids from the throat swab samples were used as

emplate for taqman-based real-time PCR as described previouly

5] . We screened 28 pathogens, including viruses such as hu- 

an parainfluenza virus 1 (HPIV1), human parainfluenza virus

 (HPIV2), human parainfluenza virus 3 (HPIV3), human parain-

uenza virus4 (HPIV4), influenza A virus (IVA), influenza B virus

IVB), human rhinovirus (HRV), human metapneumovirus (HMPV),

uman respiratory syncytial virus (RSV), human bocavirus (HboV),

uman adenovirus (HAdV), human coronavirus 229E (HCoV-229E),

uman coronavirus NL63 (HCoV-NL63), human coronavirus HKU1

HcoV-HKU1), human coronavirus OC43 (HcoV-OC43) ; bacteria

uch as Pseudomonas aeruginosa (PA) , Moraxella catarrhalis (Mcat) ,

ycobacterium tuberculosis (Mtb) , Legionella pneumophila (LP) ,

roup A Streptococcus (GAS) , Haemophilus influenza (Hi) , Staphy-

ococcus aureus (Sa) , Acinetobacter baumannii (Ab) , Streptococcus

neumonia (Sp) , Klebsiella.peneumoniae (Kp) , Escherichia coli (EC);

nd mycoplasma pneumonia (Mpn) and chlamydia pneumonia (Cpn).

In total, 38.6% (170/440) of the patients tested for all the

8 pathogens had at least positive for one pathogen. And 18.1%

80/440) of the patients were exclusively postive for viruses,
were collected from children who were diagonised as acute respiratory infection in 

n interval after the COVID-19 (2020, May-2021, Jan) in China. (A) Pathogen spetrum 

and after COVID-19. 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2022.04.006&domain=pdf
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Table 1 

Positive cases of pathogens in every month. 

Date Patients(Total number) Virus positivecases Bacteria positivecases Other pathogenspositive cases Viral-bacterial coinfectioncases 

2019.10 21 4 (19.05) 1 (4.17) 1 (4.17) 0 (0.00) 

2019.11 32 2 (6.25) 4 (12.50) 1 (3.13) 1 (3.13) 

2019.12 100 6 (6.00) 16 (16.00) 1 (1.00) 0 (0.00) 

2020.01 47 14 (29.79) 20 (42.55) 0 (0.00) 6 (12.77) 

COVID-19 

2020.05 2 1 (50) 0 (0.00) 0 (0.00) 0 (0.00) 

2020.06 8 8 (100) 0 (0.00) 0 (0.00) 0 (0.00) 

2020.07 17 7 (41.18) 5 (29.41) 0 (0.00) 3 (17.65) 

2020.08 40 11 (27.50) 4 (10.00) 0 (0.00) 1 (2.50) 

2020.09 38 21 (55.26) 2 (5.26) 0 (0.00) 2 (5.26) 

2020.10 65 16 (24.62) 10 (15.38) 0 (0.00) 4 (6.15) 

2020.11 24 12 (50.00) 12 (50.00) 0 (0.00) 8 (33.33) 

2020.12 24 3 (12.50) 6 (25.00) 0 (0.00) 1 (4.17) 

2021.01 22 3 (13.64) 6 (27.27) 0 (0.00) 1 (4.55) 
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13.4% (59/440) of the patients were exclusively postive for bacte-

ria, 6.2% (27/440) of the patients were co-infected with at least

one virus and bacterium. Co-infection pattern included HRV/Mcat

(5/4 40), HRV/Hi (3/4 40), HRV/ Sp (2/440), HRV/Sa (2/440),

HPIV3/Mcat (2/440), HRV/IVA/Sp (1/440), IAV/Mcat (1/440), IAV/Sp

(1/4 40), IAV/Sp/Hi (1/4 40), HPIV1/Sp (1/4 40), HPIV1/Sp/Sa (1/4 40),

HboV/Mcat (1/440), OC43/Mcat (1/440) and HKU1/Sp (1/440).

Overall, there were 15.68% (69/440) patients were postive for HRV,

10% (44) were positive for M. Catarrhalis , 8.64% (38/440) were pos-

itive for S. Pneumonia , 3.18% (14/440) were positive for H. Influenza,

1.82% (8/440) were positive for IAV, 1.82% (8/440) were positive for

S. Aureus, 1.59% (7/440) were positive for HadV, 1.59% (7/440) were

positive for HPIV1, 1.59% (7/440) were positive for HPIV3, 1.36%

(6/440) were positive for OC43, 0.68% (3/440) were positive for

GAS, 0.68% (3/440) were positive for M. Pneumonia, 0.45% (2/440)

were positive for RSV, 0.45% (2/440) were positive for HcoV-HKU1,

0.45% (2/440) were positive for HboV and 0.23% (1/440) was pos-

tive for L. Pneumophila. 

We analyzed the pathogen spectrum before and COVID-19 pan-

demic and after the COVID-19 pandemic in every month ( Table 1 ).

Before the COVID-19 pandemic (2019, Oct-2020, Jan), there were

positive cases for S. Pneumonia, M. Catarrhalis, HRV, H. Influenza,

IVA, HadV, GAS, M. Pneumonia, S. Aureus, RSV and L. Pneumophila

( Fig. 1 A and 1B). After the COVID-19 pandemic (2020, May-2021,

Jan), there were positive cases for HRV, M. Catarrhalis, S. Pneumo-

nia, H. Influenza, S. Aureus, HPIV1, HPIV3, OC43, HKU1, HBoV and

RSV ( Fig. 1 A and 1B). Strikingly, after the COVID-19 pandemic, no

IVA and HAdV cases were detected and there were increasing cases

for HRV, HPIV1, HPIV3 and OC43 ( Fig. 1 A and 1B), which may sug-

gest that the COVID-19 pandemic shape the pathogen spectrum.

The decrease of the seasonal IVA cases is likely due to the COVID-

19 lockdown in China and tightly controlled transportation. Al-

though containment strategies were taken in China even after the

COVID-19 [6] , there were still high rate of HRV infection detected

in our study ( Fig. 1 B). 

In summary, we carried out an extensive pathogen screening for

acute respiratory infection in children in a sentinel hospital before

and after COVID-19 in China. The data suggest that the COVID-19

pandemic shape the pathogen spectrum. And care should sitll be

taken for infections of HRV, HPIV and OC43 even under the con-

tainment strategies. 
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Dear Editor, 

We read with great interest the article by González-Donapetry

t al. on a case of false-negative BioFire® FilmArray® Meningi-

is/Encephalitis assay (FilmArray® ME panel, BioFire Diagnostics,

ioMe ŕieux, Salt Lake City, UT, USA) result for Neisseria meningi-

idis and investigating how they managed to overcome the situ-

tion. 1 False-negative cases of bacterial meningitis in FilmArray®

E panel are rarely described in the literature. 1 However, sev-

ral published case reports have described false-negative FilmAr-

ay® ME panel results in patients with cryptococcal meningitis or 

eningoencephalitis. 2-5 

A 41-year-old man with a history of diabetes mellitus and hy-

ertension, diagnosed since two years ago. without regular medi-

ation control, was a carrier of hepatitis B virus. He initially pre-

ented with acute onset of dizziness and headache. The symp-

oms did not improve, and severe dizziness, slurred speech, and

ildly blurred vision with unsteady gait developed 4 days later.

he patient visited our neurology outpatient clinic for assistance.

eurological examination revealed right dysmetria on the finger-

ose-finger test, wide-based gait, and poor rapid alternating move-

ent. Brain magnetic resonance imaging revealed no significant

rterial stenosis, occlusion, or acute infarction. He was admitted

o the neurology ward under the suspicion of cerebellar stroke.

e tested negative for human immunodeficiency virus (HIV) (HIV

g/Ab Combo, Abbott GmbH, Wiesbaden, Germany). Examination

f the cerebrospinal fluid (CSF) obtained on the first hospitaliza-

ion day revealed negative India ink staining but a high cryptococ-

al antigen titer of > 1,280X (Cryptococcal antigen lateral flow as-

ay, CrAg LFA, IMMY, Norman, OK, USA). The cryptococcal antigen

est of the blood sample obtained on the same day was also pos-

tive ( > 2560 ×). However, Cryptococcus neoformans/gattii was not

etected by the FilmArray® ME panel. 
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ilmArray Meningitis/Encephalitis (M/E) false-negative for 

ryptococcal meningitis 
A fungal culture of the CSF sample (approximately 0.2 mL) was

rown on Sabouraud dextrose agar (BIOSTAR 

TM , New Taipei City,

aiwan) after incubation for 4 days. The isolate was identified as

. gattii using matrix-assisted laser desorption/ionization time-of-

ight mass spectrometry (Bruker Biotyper; Bruker Daltonics GmbH,

remen, Germany). The concentration of C. gattii in the CSF sample

as estimated to be 5 colony-forming units (CFUs) /mL. 

To investigate the false-negative results of the FilmArray® ME

ssay, the growth of C. gattii was serially diluted in brain heart in-

usion broth (BHI, BIOSTAR 

TM , New Taipei City, Taiwan), and the ac-

ual concentrations of live organisms in five dilutions (A to E) were

20, 120, 100, 70, and 47 CFU/mL, respectively. C. neoformans/gattii

as detected in A–D, but not in E, using the FilmArray® ME assay.

Previous reports revealed that the FilmArray® ME panel had a

ensitivity and specificity of 96.4% and 99.6% compared with cul-

ure, and 83.8% and 99.9% compared to CSF cryptococcal antigen

esting, respectively. 2 , 5 A negative predicted value of 99.9% for the

ilmArray® ME panel compared with culture was also reported. 2 . 5 

he majority of false-negative cases have occurred among non-

IV-infected patients with low CSF cryptococcal antigen titers. 2 

ur patient did not have HIV infection, however, had high titers

f cryptococcal antigen in both CSF blood specimens. 

The false-negative results from the FilmArray® ME panel assay

rom the CSF specimens of patients with microbiologically docu-

ented cryptococcal meningitis might also be due to the low fun-

al load in the CSF specimen, which was lower than the limit of

etection (LOD) of the assay. In a cohort of HIV-positive patients

ith meningitis in Uganda, the FilmArray® ME panel showed 96%

ensitivity for cryptococcal detection in CSF samples with the pres-

nce of Cryptococcus organisms ≥100 CFU/mL (as determined by

uantitative fungal culture). 5 In this study, a concentration of 70

FU/mL of C. gattii in the BHI broth was also detected using Fil-

Array® ME assay. 

In conclusion, cryptococcal meningitis remains an important

ause of morbidity and mortality in immunocompromised patients.

aboratory diagnostics for cryptococcal meningitis include antigen

etection, India ink staining, and fungal cultures. Detection of Cryp-

ococcus species by FilmArray® ME panel appears to rely on the

urden of the organisms present. The potential utility of using neg-

tive FilmArray® ME panel test results to exclude patients with 

ryptococcal meningitis requires further investigation. 
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To the Editor: 

We read with interest the paper by Kwok and colleagues to

highlight the antibiotic overuse among hospitalized coronavirus

disease 2019 (COVID-19) cases 1 . Although the reported antibi-

otic prescription rate (29.1%) was lower than previously reported 

2 ,

it still remarkably exceeded that of the confirmed bacterial co-

infections (1.8%). However, for patients who develop severe hy-

poxemia, immune modulation with corticosteroids and anti-IL6 are

suggested to limit the collateral damage of the cytokine storm 

3 .

Aggressive supportive care such as central venous catheteriza-

tion, mechanical ventilation, and extracorporeal membrane oxy-

genation may be needed for those with respiratory failure and

hemodynamic instability. These invasive procedures and immune

modulators render these patients vulnerable to nosocomial in-

fections, negatively impacting treatment outcomes. It could be a

dilemma whether antibiotics should be used for those with de-

teriorating multiorgan dysfunctions. Herein, we reported a pa-

tient of COVID-19 associated acute hypoxemic respiratory failure

who was initially treated with broad-spectrum antibiotics, corti-

costeroids, tocilizumab, and remdesivir and was successfully liber-

ated from mechanical ventilation. Yet, bacteremia and osteomyeli-

tis of multidrug-resistant nosocomial pathogens ensued, leading to

a protracted course of hospitalization. 

A 65-year-old man visited the emergency room due to produc-

tive cough, lightheadedness, weakness, and shortness of breath for

one week during an outbreak of domestic COVID-19. The patient

was a teacher of physical education who was in his usual state of

health before this episode. He had a past medical history of al-
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Nosocomial septicemia in COVID-19 nosocomial K. 

pneumoniae, A. baumannii , and Elizabethkingia 

meningoseptica septicemia in a patient of COVID-19 
Abbreviations: MRI, magnetic resonance imaging; MV, mechanical ventilation. 

a  

p  

a  

g  

o  
oholism with alcoholic liver cirrhosis and was inconsistently fol-

owed up. 

He was 176 cm tall and weighed 70 kg. He was febrile, tachyp-

eic, and cyanotic (saturation of peripheral oxygen, SpO 2 87%). His-

aboratory data showed abnormal liver function tests (aspartate

minotransferase 119 U/l, alanine aminotransferase 89 U/l, and to-

al bilirubin 2.4 mg/dl), elevated infection parameters (C-reactive

rotein 3.1 mg/dl, procalcitonin 1.07 ng/ml, d -dimer 1.02 mcg/ml

nd ferritin 4298 ng/ml), and lactic acidosis (pH 7.308, HCO 3 

9.1 mmol/l, lactate 8.7 mmol/l). High hemoglobin A1c (9.0%) was

oted, but he was previously unaware of a diagnosis of diabetes

ellitus. The SARS-CoV-2 reverse transcriptase-polymerase chain

eaction was positive. The chest X-ray showed bilateral ground-

lass opacities. 

After being admitted, he was empirically treated with intra-

enous ertapenem and levofloxacin ( Table. 1 ). Dexamethasone and

emdesivir therapy were started on the first and third days. On

he third day, one dose of tocilizumab 600 mg was given along-

ide. Enoxaparin 40 mg QD was prescribed to prevent thromboem-

olism. 

On the 6th day of admission, with the support of an O 2 mask

sing a fraction of inspiration oxygen (FiO 2 ) of 0.6, the partial

ressure of oxygen (PaO 2 ) of arterial blood was 102.1 mmHg

PaO 2 /FiO 2 = 170 mmHg). He fainted while briefly leaving the oxy-

en support, attempting to go to the toilet. Mechanical ventilation

as initiated through an endotracheal tube. 

Antibiotics were altered to doripenem, levofloxacin, and te-

coplanin to cover suspected nosocomial infection. He improved

nd was liberated from mechanical ventilation three days later. The

putum culture grew normal flora and Candida albicans, and the

ntibiotics were discontinued. However, he became icteric and ex-

austed on the 19th day. Although he showed no fever or chillness,

eropenem and fluconazole were used empirically. The blood cul-

ure yielded carbapenem-resistance Klebsiella pneumoniae, Acine-

obacter baumannii, and Elizabethkingia meningoseptica . The antibi-

tics were changed to cefoperazone/sulbactam and tigecycline. Yet,

piking fever developed on the 23rd day and jaundice progressed

Total bilirubin 8.47 mg/dl). The antimicrobials were altered to cef-

azidime/avibactam and amikacin. Later, the blood culture yielded

lizabethkingia meningoseptica . The antibiotics were changed to

iperacillin/tazobactam and tigecycline. Jaundice and fever sub-

ided, but the Elizabethkingia meningoseptica bacteremia persisted

ntil the 31st day of admission. The antibiotics continued until two

eeks after blood cultures converted to negative results. 

He kept complaining about lower back pain, and abnormal al-

aline phosphatase levels ranging from 110 to 220 U/l persisted.

t raised the doubt of unresolved infection foci. A spine MRI re-

ealed an abnormal enhancement in T2-weighted images, sug-

estive of osteomyelitis, at L3–4 endplates ( Fig. 1 ). Intravenous

efoperazone/sulbactam and tigecycline were administered. Sub-

equent blood cultures yielded no positive results. After a 14-

ay course of intravenous antibiotics, oral minocycline and sul-

amethoxazole/trimethoprim were used, and the patient was dis-

harged. The oral antibiotics were continued for four months in

he outpatient department until the erythrocyte sedimentation rate

eclined to be within normal limits. 

As pointed out by Kwok et al., bacterial co-infection is rare

mong hospitalized COVID-19 patients 1 , and antibiotics should not

e prescribed as a routine upon admission. Imprudent use of an-

ibiotics predisposes the patients to multi-resistant nosocomial in-

ections, especially for those with comorbid conditions, advanced

ge, using immunosuppressants, indwelling invasive devices, and

rolonged hospitalizations 4 . On the other hand, delay in adequate

ntibiotic coverage for patients with sepsis due to bacterial etiolo-

ies leads to catastrophic organ dysfunctions and increases the risk

f mortality. Procalcitonin, widely used as an indicator for bacterial

mailto:hsporen@ntu.edu.tw
https://doi.org/10.1016/j.jinf.2022.04.005
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2022.04.004&domain=pdf
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Table 1 

Summary of the admission course, antimicrobial agents, and culture results. 

Time (day) Event Antibiotics Culture 

−7 Cough, shortness of breath 

1 Admission, dexamethasone given Ertapenem, levofloxacin Sputum: normal flora; Blood: negative 

3 Tocilizumab and remdesivir used Ertapenem, levofloxacin 

6 Mechanical ventilation (MV) Doripenem, levofloxacin, teicoplanin Sputum: normal flora and Candida albicans ; Blood: negative 

9 Liberation from MV 

19 Jaundice, sepsis Meropenem, fluconazole Blood: A. baumannii, K. pneumoniae, Elizabethkingia meningoseptica 

22 Cefoperazone/sulbactam, tigecycline 

23 Spiking fever jaundice progressed Ceftazidime/avibactam, amikacin Blood: E. meningoseptica 

26 Piperacillin/tazobactam, tigecycline Blood: E. meningoseptica 

31 Blood: E. meningoseptica 

44 Spine MRI: osteomyelitis Cefoperazone/sulbactam, tigecycline Blood: negative 

58 Discharge Minocycline, sulfamethoxazole/trimethoprim Blood: negative 

Fig. 1. Contrast enhancement at L3–4 endplate in T2-weighted images of the spine magnetic resonance imaging. 
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epticemia, also increases in a severe COIVD-19 cytokine storm 

5 .

s illustrated in the present case, the usefulness of procalcitonin

o guide antibiotics therapy was eclipsed in patients with severe

OVID-19. 

Multiple factors contributed to the increased risk of secondary

nfection in severe COVID-19. Patients with underlying medical

onditions are more likely to progress to severe disease. Sup-
ression of type 1-interferon production by the SARS-CoV2 infec-

ion compromises macrophage recruitment and phagocytic func-

ion, creating a positive environment for secondary bacterial in-

ections 6 , 7 . Contamination of these multidrug-resistant K. pneu-

oniae, A. baumannii , and Elizabethkingia meningoseptica frequently

ound in the environment of intensive care units could be translo-

ated to patients’ mucosa or skin surface during daily care 8 . The
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use of broad-spectrum antibiotics, especially the carbapenems, de-

creases the diversity and shifts the equilibrium of microbial flora,

favoring these resistant strains. The combination of underlying co-

morbidities, immune dysfunction, immunosuppressive therapy, and

invasive procedures breaching the natural skin and mucosal barri-

ers makes patients of severe COVID-19 prone to secondary nosoco-

mial infections. 

Elizabethkingia meningoseptica septicemia and osteomyelitis, al-

though uncommon, is highly resistant to antibiotics and carries a

high risk of mortality. Judicious use of antibiotics is suggested to

avoid the expansion of multi-drug resistant pathogens, and agile

microbiological study is advised if clinical clues of sepsis arise. 
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ng COVID-19 patients from isolation 10 days after symptom onset,
Yi-San Tsai, MS

Pulmonary Research Center, Wan Fang Hospital, Taipei Medical

University, Taipei, Taiwan

Center for Nursing and Healthcare Research in Clinical Practice

Application, Wan Fang Hospital, Taipei Medical University, Taipei,

Taiwan

School of Nursing, College of Nursing, Taipei Medical University,

Taipei, Taiwan

Fu-Lun Chen, MD

Department of Internal Medicine, Wan Fang Hospital, Taipei Medical

University, Taipei, Taiwan

Division of Infectious Diseases, Department of Internal Medicine,

Wan Fang Hospital, Taipei Medical University, Taipei, Taiwan

Chih-Hsin Lee, MD, PhD

Department of Internal Medicine, Wan Fang Hospital, Taipei Medical

University, Taipei, Taiwan

Pulmonary Research Center, Wan Fang Hospital, Taipei Medical

University, Taipei, Taiwan

Division of Pulmonary Medicine, Department of Internal Medicine,

Wan Fang Hospital, Taipei Medical University, Taipei, Taiwan

Division of Pulmonary Medicine, Department of Internal Medicine,

School of Medicine, College of Medicine, Taipei Medical University,

Taipei, Taiwan

Tsong-Yih Ou, MD 

∗

Department of Internal Medicine, Wan Fang Hospital, Taipei Medical

University, Taipei, Taiwan

Division of Infectious Diseases, Department of Internal Medicine,

Wan Fang Hospital, Taipei Medical University, Taipei, Taiwan

Department of Nursing, Cardinal Tien Junior College of Healthcare

and Management

∗Corresponding author.

E-mail addresses: malvajy@gmail.com (J.Y. Ong),

93059@w.tmu.edu.tw (C.-H. Wang), 96446@w.tmu.edu.tw (Y.-S.

Tsai), 96003@w.tmu.edu.tw (F.-L. Chen), chleetw@tmu.edu.tw

(C.-H. Lee), 93023@w.tmu.edu.tw (T.-Y. Ou)

$ Jie Ywi Ong and Cheng-Hui Wang contributed equally to this

manuscript

Accepted 1 April 2022

Available online 21 April 2022

ttps://doi.org/10.1016/j.jinf.2022.04.004 

2022 The British Infection Association. Published by Elsevier 

td. All rights reserved. 

rolonged viral shedding in severely ill patients infected 

ith SARS-CoV-2 Delta variants: A retrospective cohort 

tudy 

https://doi.org/10.1016/j.jinf.2022.02.014
http://refhub.elsevier.com/S0163-4453(22)00188-8/sbref0002
http://refhub.elsevier.com/S0163-4453(22)00188-8/sbref0002
http://refhub.elsevier.com/S0163-4453(22)00188-8/sbref0002
http://refhub.elsevier.com/S0163-4453(22)00188-8/sbref0002
http://refhub.elsevier.com/S0163-4453(22)00188-8/sbref0002
http://refhub.elsevier.com/S0163-4453(22)00188-8/sbref0002
http://refhub.elsevier.com/S0163-4453(22)00188-8/sbref0002
http://refhub.elsevier.com/S0163-4453(22)00188-8/sbref0002
http://refhub.elsevier.com/S0163-4453(22)00188-8/sbref0003
http://refhub.elsevier.com/S0163-4453(22)00188-8/sbref0003
http://refhub.elsevier.com/S0163-4453(22)00188-8/sbref0003
http://refhub.elsevier.com/S0163-4453(22)00188-8/sbref0004
http://refhub.elsevier.com/S0163-4453(22)00188-8/sbref0004
http://refhub.elsevier.com/S0163-4453(22)00188-8/sbref0004
http://refhub.elsevier.com/S0163-4453(22)00188-8/sbref0004
http://refhub.elsevier.com/S0163-4453(22)00188-8/sbref0004
http://refhub.elsevier.com/S0163-4453(22)00188-8/sbref0004
http://refhub.elsevier.com/S0163-4453(22)00188-8/sbref0004
http://refhub.elsevier.com/S0163-4453(22)00188-8/sbref0004
http://refhub.elsevier.com/S0163-4453(22)00188-8/sbref0005
http://refhub.elsevier.com/S0163-4453(22)00188-8/sbref0005
http://refhub.elsevier.com/S0163-4453(22)00188-8/sbref0005
http://refhub.elsevier.com/S0163-4453(22)00188-8/sbref0005
http://refhub.elsevier.com/S0163-4453(22)00188-8/sbref0005
http://refhub.elsevier.com/S0163-4453(22)00188-8/sbref0005
http://refhub.elsevier.com/S0163-4453(22)00188-8/sbref0006
http://refhub.elsevier.com/S0163-4453(22)00188-8/sbref0006
http://refhub.elsevier.com/S0163-4453(22)00188-8/sbref0006
http://refhub.elsevier.com/S0163-4453(22)00188-8/sbref0006
http://refhub.elsevier.com/S0163-4453(22)00188-8/sbref0006
http://refhub.elsevier.com/S0163-4453(22)00188-8/sbref0006
https://doi.org/10.1007/s12291-020-00935-0
https://doi.org/10.3205/dgkh000390
mailto:malvajy@gmail.com
mailto:93059@w.tmu.edu.tw
mailto:96446@w.tmu.edu.tw
mailto:96003@w.tmu.edu.tw
mailto:chleetw@tmu.edu.tw
mailto:93023@w.tmu.edu.tw
https://doi.org/10.1016/j.jinf.2022.04.004
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2022.04.003&domain=pdf


Letter to the Editor / Journal of Infection 85 (2022) 90–122 111 

p  

C  

t  

f

 

b  

h  

n  

t  

v  

s  

t  

m  

l  

a  

v  

v  

s  

p  

a  

t  

f  

(

 

d  

s  

c  

o  

p  

t  

a  

t  

w  

c  

t  

o  

o  

s  

s  

i  

B  

c

 

t  

p  

h  

c  

m  

m

 

c  

c  

b

w

 

t  

s  

f  

s  

f  

t  

t  

n  

a  

i  

Table 1 

Demographics of late clearance (LC) and early clearance (EC) groups in 

delta variant confirmed patients. 

LC ( n = 8) EC ( n = 13) P-value 

Sex, male 3 (37.5) 12 (92.3) 0.014 

Age, years, median [IQR] 63 [56–73.3] 58 [50–63] < 0.001 

Comorbidities 

HTN 4 (50) 2 (23.1) 0.346 

DM 2 (25) 2 (15.4) 0.618 

Heart failure 1 (12.5) 2 (15.4) 1.0 

Malignancy 1 (12.5) 1 (7.7) 1.0 

Immunosuppressed 0 1 (7.7) 1.0 

Severity 1 0.67 

Moderate 2 (25) 4 (30.8) 

Severe 2 (25) 4 (30.8) 

Critically ill 4 (50) 5 (38.5) 

Medication 

Corticosteroid 8 (100) 13 (100) 1.0 

steroid total dose 2 197.9 190 0.75 

Tocilizumab 8 (100) 13 (100) 1.0 

Mortality 3 (37.5) 0 0.042 

Values were presented as numbers (%), unless other described. 

IQR = interquartile range; HTN = hypertension; DM = diabetes mellitus. 
1 moderate patients required low flow oxygen therapy, severe patients 

required high flow oxygen therapy, and critically ill patients required 

mechanical ventilation or extracorporeal membrane oxygenation. 
2 The doses were adjusted to equivalent doses of prednisolone (mg). 
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lus at least 3 additional days without symptoms. For severely ill

OVID-19 patients, extending the duration of isolation and precau-

ions up to 20 days after symptom onset and after resolution of

ever and improvement of other symptoms may be warranted. 

The emergence of SARS-CoV-2 variants of concern (VOCs) har-

oring mutations in the spike (S) protein has raised concerns about

igher transmissibility and potential immune escape after vacci-

ation and natural infection. The B.1.617.2 (delta) variant was de-

ected in India in December 2020. New variants and SARS-CoV-2

accination strategies may influence the duration of viable virus

hedding in confirmed patients 3 . In addition, corticosteroid and in-

erleukin (IL) −6 blockade, tocilizumab, which have been recom-

ended regimens in severe patients, may be associated with pro-

onged viral shedding 4 . Therefore, any recommendations which use

 fixed number of days should incorporate various influences on

iral shedding such as host susceptibility, vaccination status, and

irus strains. In addition, more studies are needed to fully under-

tand virus transmission related to the delta variant among severe

atients. Since virus culture is important to assess the viability,

nd could be a surrogate for transmissibility, we aimed to identify

he transmissibility of SARS-CoV-2 in severe patients who were in-

ected with the delta variant in comparison to the original virus

Wuhan-hu-1). 

Twenty-six patients who were hospitalized and diagnosed with

elta variant infections between June and August 2021 were con-

ecutively enrolled as the delta variant cohort. The cohort was

ompared to the original strain cohort, which comprised twenty-

ne original virus-infected patients who were consecutively hos-

italized between February and June 2020. It was a single cen-

er cohort study at a referral hospital where COVID-19 patients

t higher risk of severe infection were transferred, and antiviral

herapy as well as other medication, including immunomodulator,

as administered based on the guideline available at the time and

linical judgement. Our team has previously reported the result of

he original virus culture to suggest the duration of transmissibility

f the virus 5 . According to the study, samples from patients with

riginal virus were collected 1, 3, 5, 7, 10, and 14 days after admis-

ion. In delta variant patients, samples from nasopharyngeal (NP)

wabs and sputum were obtained at times decided by an attend-

ng physician. The study was approved by the Institutional Review

oard of Severance Hospital (4–2020–0076) and written informed

onsent was obtained from all subjects. 

We defined severity of the COVID-19 infection that mild pa-

ients required hospitalization without oxygen therapy, moderate

atients required low flow oxygen therapy, severe patients required

igh-flow oxygen therapy, and critically ill patients required me-

hanical ventilation or extracorporeal membrane oxygenation. The

ethods of confirmation, identification and culture of SARS-CoV-2

ethods were described in Supplementary method. 

In the delta variant cohort, the patients whose samples were

ollected beyond 14 days was further divided in two groups: “late

learance (LC)” group which is defined as virus culture positive

eyond 14 days after symptom onset and “early clearance (EC)”

hose samples beyond 14 days but were culture negative. 

The demographics and clinical characteristics of COVID-19 pa-

ients who were consecutively enrolled during different period are

hown in Supplementary Table. The median age of patients in-

ected with delta variants and original strains was 58 and 72, re-

pectively. 77% of the delta variant group had a severe form of in-

ection requiring high flow oxygen therapy, while only 28.6% pa-

ients were severe in original strain group. In addition, according

o the guideline at the time, only 28.6% of patients with the origi-

al virus received the antiviral agent, remdesivir, but all delta vari-

nt patients were administered remdesivir. For the purpose of anti-

nflammation, all and 24 out of 26 (92.3%) patients infected with
 t  

s  
elta variants whereas 8 out of 21 (38.1%) and no patients with

riginal virus received steroids and IL-6 blockade, respectively. 

In the original virus group, 29 and 28 samples were from NP

nd sputum samples and 9 (31.0%) and 13 (46.4%) were culture-

ositive in collected NP and sputum samples, respectively. In the

elta virus group, 67 and 68 samples, and 22 (32.8%), and 20

29.4%) samples were cultured in NP and sputum, respectively.

yclic threshold (Ct) values of collected samples from the delta

ariant and original SARS-CoV-2 virus with culture tests is de-

cribed in Fig. 1 . We provided a Ct value for E gene of copy number

uantification. 

In the original virus group, all viable viruses in the NP samples

as seen within 10 days after symptom onset, and three (10.7%)

ere culture positive beyond 10 days in the sputum samples 5 . In

he delta variant group, seven (10.4%) and nine (13.2%) samples

resented viable virus beyond 10 days in NP and sputum samples,

espectively, implying delta-variant patients showed longer dura-

ion of viable virus in both nasopharyngeal and sputum samples

han the original virus. In addition, Ct values of four from culture-

ositive samples in delta variant group were over 30 in culture-

ositive samples. One patient who was hospitalized with mechan-

cal ventilation produced a viable virus from a NP swab 21 days

fter symptom onset. 

In ad hoc analysis of the delta variant group, the demograph-

cs of both LC and EC group is described in Table 1 . All patients

eceived steroid and IL-6 blockade, and the doses of corticosteroid

ere similar in both groups. In the LC group, critically ill patients

epresented half of the patients, but the severity between groups

id not show statistical differences. The median age in the LC

roup was significantly higher than that in the EC group ( p < 0.001)

nd female has high portion in the LC group ( p = 0.014). Epidemi-

logic studies show that the delta variant might be more virulent,

ncreasing risk of hospitalization, intensive care unit (ICU) admis-

ion, and death 

6 . In our study, most of the delta variant-infected

atients had received critical care in ICU, ten of whom needed ven-

ilation support and three, extracorporeal membrane oxygenation.

hey produced more proportion of replication-competent virus

han original virus-infected patients beyond 10 days after symp-

om onset (10.4% vs. 0, 13.23% vs. 10.7% in nasopharyngeal and

putum samples, respectively), implying late viral clearance; one
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Fig. 1. Cyclic threshold (Ct) value of collected samples with culture tests at time point after symptom onset in (A) nasopharyngeal, (B) sputum samples. Negative and positive 

mean culture-negative and culture-positive, respectively. The dashed lines indicate the general time of releasing COVID-19 patients who are not seriously ill, the solid circles 

show the latest presence of the viable Delta variant, and the dotted circles represent the latest presence of the viable original virus. 
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critically ill patient had viable virus in the sputum 15 days after

symptom onset with a Ct value of 32.96. Few samples were ob-

tained 20 days after symptom onset according to the study proto-

col, but a replication-competent virus was confirmed 21 days after

symptom onset from a nasopharyngeal sample of 77-year-old male

with underlying bladder cancer and coronary artery disease. Be-

cause of this culture result, the patient could have infected others

via the viable virus beyond 20 days. 
A recent study suggested SARS-CoV-2 viral dynamics for some

OCs, indicating that peak Ct was lower, but posterior trajecto-

ies had higher proportions of Ct count less than 15 in the delta

ariant compared to the original or other variant of SARS-CoV-2 7 .

ther study revealed that individual infections during which viral

eplication is initially fastest generate the highest peak viral load

nd see the slowest viral clearance, but vaccinations accelerate vi-

al clearance 3 . In our study, only three patients received partial
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Abbreviations: DBTV, Dabieshan tick virus. 
accination (primer dose of vaccination), so other factors such as

trains, medication could impact the viral clearance. Although in-

erleukin (IL) −6 blockade is associated with clinical improvements

or COVID-19 patients 8 , it could suppress pathogenic T-cells and in-

ammatory monocytes, while inducing a reduction in the periph-

ral memory B cells and suppressing the viral clearance 4 . There-

ore, compromised immunity due to immunomodulatory combina-

ion therapy for severe infection may allow the virus to continu-

lly replicate and progressively accrue genetic diversity 9 . In addi-

ion, older age and female are related to prolonged viral shedding

n subsequent analysis, which is consistent with the previous re-

ults and difference in immune responses to the infection 

10 . In fact,

ome severe patients confirmed with delta variant have prolonged

iral shedding regardless of viral load of the samples, indicating

hat Ct values would not be specific for viability of the delta vari-

nt SARS-CoV-2. 

One limitation of our study is, since it is an observational co-

ort study, two separate cohorts show different baseline character-

stics, which are not comparable to analyze. In addition, the rela-

ively small samples may limit the ability to verify the difference

etween the delta variant and other SARS-CoV-2. Stratified match-

ng with a large sample size would be warranted to determine

he isolation period and risk factors in severe patients. A cultur-

ble virus does not necessarily mean a transmissible virus. Lastly,

n real-world, large-scale vaccination programs and emerging dif-

erent variants (eg, Omicron variant) could complicate the viral ki-

etics and the timing of when to end isolation. However, our study

uggests that severe form of SARS-CoV-2 infected patients, in par-

icular, who were administered immunomodulators such as IL-6

lockade or old, should be considered for longer periods of iso-

ation and precautions on the basis of virus culture results. 
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ear Editor, 

Ticks are ectoparasites of the phylum Arthropoda that can

ransmit zoonotic pathogens to humans and are second only to

osquitoes as carriers of infectious diseases. 1 Tick-borne diseases

ave been a major public health threat in recent decades, 2 with

he majority viral pathogens. Most tick-borne viral pathogens dis-

overed to date are RNA viruses, which can evolve at a relatively

igh rate to adapt to environmental changes. 3 A growing number

f novel tick-borne viruses have been discovered due to the em-

loyment of high-throughput sequencing technology. For example,

he severe fever with thrombocytopenia syndrome virus (SFTSV)

as first reported in the Henan province of China in 2010, where

uman infection leads to a severe hemorrhagic disease. 4 Jingmen

ick virus (JMTV) in the family Flaviviridae was identified in Hubei

rovince, China. 5 More recently, Alongshan virus (ALSV) belonging

o a currently unclassified Jingmenvirus group in the family Fla-

iviridae was found in Northeast China. 6 ALSV is closely related to

MTV and a subset of patients with ALSV infection present with

ever and headache. 6 

Dabieshan tick virus (DBTV) is an emerging tick-borne virus

n the family Phenuiviridae . 7 DBTV was first discovered in Wuhan

n 2015, and subsequently found in Zhejiang and Shandong
8. Luo L. , Luo T. , Du M. , Mei H. , Hu Y. . Efficacy and safety of tocilizumab in hos-
pitalized COVID-19 patients: a systematic review and meta-analysis. J Infect
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o  
provinces. 8-10 suggesting a possibly wider circulation. However,

only very limited genomic information of this novel virus is avail-

able. 10 Therefore, prevalence and genetic characteristics of DBTV

remain obscure and warrant further investigation. 

In the present study, a total of 739 Ixodid ticks including 30

free-living individuals and 709 parasitic individuals were collected

from Shandong Province, China between May and July 2019. These

ticks were collected from Taian (n = 273), Rizhao (n = 38), Weifang

(n = 18), and Linyi (n = 410) cities, respectively ( Fig. 1 ). Specifically,

270 ticks collected from Taian and 18 ticks from Weifang were par-

asitizing goats; three ticks from Taian, 38 ticks from Rizhao and 90

ticks from Linyi were feeding on dogs; 30 ticks from Linyi were

captured on grasslands and 290 ticks parasitized cattle ( Fig. 1 ).

These samples were merged into 46 pools based on morphology,

collection date, location and host (Table S1). 

High-throughput sequencing revealed the presence of DBTV in

30 libraries (Supplementary materials and methods). The 30 li-

braries belonged to all four sampling cities: Taian (n = 15), Rizhao

(n = 3), Linyi (n = 11), and Weifang (n = 1). The ticks of SDTA5,

SDTA12, and SDRZ2 were characterized as Rhipicephalus turan-

icus and those from SDTA6 and SDLY16 were Haemaphysalis

concinna . The tick species from pools SDTA1, SDTA3, SDTA4,

SDTA7, SDTA8, SDTA11, and SDTA13 were characterized as mixed

Haemaphysalis longicornis and R. turanicus . The ticks from the

remaining libraries were all characterized as H. longicornis 

(Table S1). 

RT-qPCR showed that 28 out of the 30 libraries were pos-

itive for DBTV, with cycle threshold ( Ct ) values between 21.05

and 30.62. The number of read-pairs mapping to the L segment

ranged from 566 to 68,784, with the average depth ranging from

8.73 ±8.27 to 1054.57 ±543.97, and 60 to 10,616 read-pairs were
Fig. 1. Distribution of the tick samples collected in Shandong Province, China. 

The four sampling cities (Taian, Weifang, Linyi, and Rizhao) in Shandong Province are high

host types of ticks were marked by different colors: green for goat, yellow for cattle, oran
apped to the S segment, with an average depth ranging from

.77 ±2.61 to 890.5 ±505.33 (Table S2). To further confirm the de-

enerate bases and to differentiate the real gene variants in the

equencing pool (Table S3), specific primers were designed for

anger sequencing (Table S4). Finally, we obtained a total of 33 L

egment and 31 S segment sequences of DBTV after integrating re-

ults from Sanger sequencing and high-throughput sequencing. The

 and S genes of DBTV described here ranged from 6485–6544 nt

nd 1732–1786 nt in length, respectively. The open reading frame

6447 nt) of the L gene encoded an RNA-dependent RNA poly-

erase (RdRp) of 2149 amino acids in length, whereas the open

eading frame (825 nt) of the S gene encoded a nucleocapsid pro-

ein of 275 amino acids in length. 

Sequence comparison revealed that the genome sequences

f DBTV described here were highly similar to the three

reviously reported DBTV strains in China. The L gene se-

uence of SDLY16 shared the highest sequence identity with

T413430|DTV|SD|China|2017 (99.33%). Among the 33 viral strains

n our study, SDRZ1 exhibited the lowest nucleotide identity

ith MN723843|DTV|ZS-DBS-2018|China|2016_06_12 (97.23%). All

he novel L gene sequences in our study shared > 97% se-

uence identity (97.94% −99.98%) with each other. In addition,

he RdRp proteins exhibited 99.07% −100% identity with each

ther. With respect to the S gene, SDTA15b shared the high-

st sequence identity with MT413431|DTV|SD|China|2017 (99.80%),

nd SDTA13b exhibited the lowest nucleotide identity with

M817733|DTV|D3|China|2013 (97.48%). Viral S gene sequences

hared 97.39% −99.86% nucleotide identity with each other and

9.27% −100% amino acid similarity with each other. 

Phylogenetic analysis showed that the 33 L segments

f DBTV could be classified into five well-supported clus-
lighted on the map. The number of ticks collected from each city is presented. The 

ge for dog, and blue for free living. 
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ers ( Fig. 2 a). 16 virus strains from Taian formed cluster L1.

T413430|DTV|SD|China|2017 formed a relatively more diver-

ent cluster L2. However, two strains from Taian (SDTA8 and

DTA15–1), two strains from Rizhao (SDRZ2–2 and SDRZ3–

), one strain from Weifang (SDWF1) and two strains found

n Wuhan (KM8176 6 6|DTV|D3|China|2013) and Zhoushan

MN723843|DTV|ZS-DBS-2018|China|2016_06_12) formed clus- 

er L5. Notably, eight strains from Linyi (SDLY1, SDLY7, SDLY8,

DLY14, SDLY16, SDLY17, SDLY22, and SDLY23) grouped together

ith two strains from Rizhao (SDRZ2–1 and SDRZ3–2), form-

ng cluster L4. In addition, SDRZ1 and SDLY3 formed cluster L3

 Fig. 2 a). In the S gene tree, the 31 novel sequences of DBTV

ormed two clusters. The 15 virus sequences from Taian formed an

ndependent cluster S2 ( Fig. 2 b). All the other novel sequences fell

ithin cluster S1, with the three previously reported virus strains. 

In summary, we have described 33 L and 31 S gene sequences

f DBTV from various ticks collected in different regions of Shan-

ong Province, China, which greatly enriches the genomic informa-

ion of DBTV. Our results indicate that DBTV is prevalent in Shan-

ong Province, and it has evolved into different phylogenetically

istinct lineages. Although there have not been human or animal

ases of DBTV reported to date, given its wide distribution, patho-

enesis studies are urgently needed to determine the risk of mam-

alian and human infection. 
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Abbreviations: RLFT, rapid lateral-flow test; RT-qPCR, reverse transcriptase quan- 

titative polymerase chain reaction; C T , cycle threshold; CI 95 , confidence interval 

95%; VOC, variant of concern. 
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ear Editor, 

A few months ago, Baro et al. published in this Journal an in-

eresting study comparing different rapid lateral-flow tests (RLFT)

edicated to the direct diagnosis of SARS-CoV-2 in nasopharyngeal

spirates in a large population of asymptomatic subjects in Catalo-

ia, Spain. They showed that the analytical performances of some

f them were compatible with their use in routine, notably with

n objective of mass screening. 1 In accordance with these obser-

ations, we conducted in February 2021 a city-scale screening to

valuate the prevalence of SARS-CoV-2 infection in the town of

aint-Etienne (the 14th most populated city in France in 2018 with

73,0 0 0 inhabitants) where the circulation of the virus had exhib-

ted the highest incidence of positive cases in France in October-

ovember 2020. By contrast to other mass testing campaigns, 1-7 

he choice was done of noninvasive tests based on salivary speci-

ens. This vast operation led to the inclusion of more than 70 0 0

ndividuals within a single week, which represents approximately

% of the whole indoor population of Saint-Etienne. 

We report the performance of the COVID19 Speed-Antigen Test

Biospeedia, France) on self-sampled material combining anterior

ose and saliva, by comparison to RT-qPCR on saliva, in the con-

ext of this campaign. Data regarding acceptability of the different

ampling methods were recorded by optional questionnaire. Adults

nd children over 10 years of age able to provide a self-sample

ere eligible for inclusion, after oral approval of an informative

ote by the subject and/or his/her guardian. Participants provided

nformation on demographic characteristics, occupation and symp-

oms (protocol IDRCB number 2021-A00390–41). They were invited

ptionally to complete an on-line questionnaire (Limesurvey® soft-

are, Hamburg, Germany) including scales in relation with the ac-

eptability of the different modes of specimen collection. 

Participants were asked to collect at least 3 ml of saliva in a

0 ml sterile plastic tube more than 30 min after drinking, eating,

moking, brushing teeth or rinsing teeth. This sample was used

or RT-qPCR analysis that served as gold standard in this study.

n parallel, 2 drops of saliva were transferred into a second tube

reviously filled with 8 drops of the buffer of the RFLT kit. An

nterior nasal sample was then performed by the participant. The

ontent of this swab was then discharged in the tube containing

aliva and buffer. This mixture was used to perform the COVID19

peed-Antigen Test (Biospeedia, France) by the assistants specially
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Table 1 

Variables associated to the positivity of the rapid lateral flow test (RLFT). 

PCR + /RLFT + (N = 98) N (%) PCR + /RLFT-(N = 67) N (%) Crude Odds Ratio (CI 95% ) Adjusted Odds Ratio (CI 95% ) Adjusted P value 

C T value < 0.001 

- > 28 8 (15.4) 44 (84.6) - - 

- ≤28 90 (79.6) 23 (20.4) 21.52 (9.34–55.30) 23.96 (7.75–94.03) 

Typing 0.870 

- non variant 49 (57.6) 36 (42.4) - - 

- variant 48 (70.6) 20 (29.4) 1.76 (0.90–3.51) 1.08 (0.41–2.83) 

Covid-19 symptoms 0.991 

- no 36 (48.6) 38 (51.4) - - 

- yes 32 (66.7) 16 (33.3) 2.11 (1.00–4.56) 1.01 (0.38–2.65) 

C T : cycle threshold. CI 95 : confidence interval 95%. 
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rained for this technique on the different sites of the mass testing

ampaign, according to the manufacturer’s instructions. 

The RT-qPCR tests were performed in three PCR indepen-

ent platforms located at the University Hospitals of Lyon (4278

pecimens) and Clermont-Ferrand (1291 specimens) and at the

ioMérieux Research Laboratory of Grenoble (1068 specimens).

nvalid tests were submitted to a second round of extrac-

ion/amplification; in case of two successive failures, the result was

eclared invalid. As different RT-qPCR tests were used, a correction

as done to homogenate the cycle threshold (C T ) values according

o the concordance table of the French Society of Microbiology. 8 

ositive samples were typed by the Lyon laboratory for the identi-

cation of variant strains of SARS-CoV-2. 

From February 22 to 28 of 2021, 7020 subjects participated to

he mass testing campaign organized in Saint-Etienne but 381 in-

ividuals were not included, mainly for young age ( N = 132) or

issing specimens or data ( N = 249). From the 6639 included vol-

nteers, 56% were female and the median age was 48 years (in-

erquartile range: 30–64); 90.5% of participants were asymptomatic

ith regard to SARS-CoV-2 infection. 

Overall, 165 participants were tested positive by RT-qPCR and

14 by RLFT. The number of positive specimens by RLFT was almost

ignificantly lower in asymptomatic than in symptomatic individu-

ls ( P = 0.05). The sensitivity, specificity, positive predictive value

nd negative predictive value of RLFT were 59.4 (CI 95 : 51.5–67.0),

9.8 (CI 95 : 99.6–99.9), 86.0 (CI 95 : 78.2–91.8) and 99.0 (CI 95 : 98.7–

9.2), respectively, by reference to RT-qPCR. The sensitivity of RLFT

ropped to 48.6% (CI 95 : 36.9–60.6) when only asymptomatic par-

icipants were considered. This latter sensitivity was close to that

bserved with the best kits evaluated by Baro et al. 1 and a bit su-

erior to that observed with similar commercial tests in Liverpool

40.0%), 2 in the Pima county of Arizona (35.8%) 3 or in Kuwait City

42.3% with the first RFLT and 30.6% with the second one). 4 

The 165 strains recorded by RT-qPCR were submitted to molec-

lar typing: 13 were not typeable, 85 belonged to the original phe-

otype whereas 68 exhibited a variant of concern (VOC) profile (66

lpha and 2 Beta or Gamma). The median C T value was signifi-

antly higher in variant than in non-variant isolates (21.8 vs. 25.7,

 < 0.001 by Wilcoxon-Mann-Whitney test). 

A strong inverse correlation (Kendall’s τ coefficient of −0.910;

 < 10 −8 ) was observed between the C T value measured by RT-

PCR and RLFT sensitivity. The sensitivity dropped from 100% to

5.4% for C T values ≤ 18 and > 28, respectively ( Fig. 1 ). Three vari-

bles were associated to RLFT positivity: low C T value, detection of

ARS-CoV-2 variant and presence of Covid-19 symptoms; however,

fter multivariate analysis, the C T value remained the sole explica-

ive variable ( Table. 1 ). 

Different criteria of acceptability (pain, sampling convenience)

f the tests were assessed on about two-thirds of the tested pop-

lation who accepted to fill out the corresponding questionnaire.

n agreement with others, 9 , 10 our results (data not shown) indi-

ate that salivary auto-tests (associated or not to anterior nose)
ere considered less painful, especially in women and young peo-

le, and as convenient as conventional nasopharyngeal swabbing. 

In agreement with others using similar RLFT, 1-7 this study com-

orts the pertinence of the COVID19 Speed-Antigen Test to be used

or detecting through mass testing asymptomatic individuals at

igh risk to disseminate COVID-19 due to their high viral load. The

esult availability within minutes could allow the rapid implemen-

ation of isolation measures and immediate set-up of contact trac-

ng. The use of samples combining anterior nose and saliva is an-

ther innovation tested in the study. We confirm the feasibility and

he excellent acceptability of noninvasive self-sampling by asymp-

omatic volunteers involved in large campaigns of screening. 
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Fig. 1. Sensitivity of the rapid lateral-flow test with reference to RT-qPCR taken as gold standard. The bar on the left correspond to the overall sensitivity. Bars on the right 

correspond to stratified sensitivity according to the Cycle threshold (C T ) value of the RT-qPCR assay. 
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2  
ear Editors, 

We read with interest the article by Lemenand et al. who

howed a decrease in the proportion of extended-spectrum beta-

actamase among E. coli infections in primary care and nursing

ome during the first year of the coronavirus disease 2019 (COVID-

9) pandemic in France. 1 Several factors may have contributed to

he decrease of antimicrobial resistance: the reinforcement of hy-

iene measures in the general population (hand hygiene, limitation

f gatherings during lockdown periods), the decrease of antibiotic

onsumption in primary care, the limitation of the international

ravel and the increased awareness of healthcare workers’ (HCWs)

o comply with infection control measures and hand hygiene. 

On the other hand, in hospitals, some factors could have con-

ributed to worsen the spread of antibiotic resistance during the

OVID-19 pandemic: increase of bacterial infections, a higher an-

ibiotic use in hospital, a more important proportion of patients

equiring hospitalization in intensive care, overcrowding in hospi-

als and HCWs fatigue after months of COVID-19 surge. 2–6 

The aim of our observational study was to evaluate the im-

act of the COVID-19 pandemic, which began in January 2020 in

rance, 7 on the evolution of carbapenemase-producing Enterobac-

eriaceae (CPE) incidence in the Assistance Publique–Hôpitaux de

aris (AP-HP). AP-HP, the largest public healthcare institution in

rance with 20,0 0 0 beds, is a network of 38 university-affiliated

ublic hospitals, spread over Paris and its suburbs. Infection pre-

ention and control teams (IPCT), coordinated by a multidisci-

linary central IPCT, 8 are in charge of prevention and surveillance

f healthcare-associated infections in each hospital. 

Since 2004, AP-HP has implemented a long-term programme

or CPE surveillance and control which is based on a bundle of

easures to prevent cross transmission, 8 including pre-emptive

solation (contact precautions) and screening for CPE of every pa-

ient with a history of stay or hospitalization in a foreign country

ithin the past year. 

A case was defined as any patient infected or colonized with

PE and an episode as one index case, followed or not by sec-

ndary case(s). For each identification of CPE case, histories of re-

ent hospitalization or stay abroad, the occurrence and number of

econdary cases(s) were collected by the IPCT. 

Data consisted of the quarterly number of CPE index cases from

014 to 2020 in AP-HP hospitals. The time-series was decomposed
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into three components: trend, seasonal and random, from 2014 to

2019 (period 1), using a linear additive model. We calculated the

expected number of index cases during the quarters in 2020 with

95% prediction intervals (PI) and compared the number of quar-

terly observed and forecasted CPE index cases. The statistical pro-

gramming language ’R’ was used. 

From 2014 to 2019, 2131 CPE index cases were identified, 380

in 2020, with a history of previous stay abroad in respectively 1438

(67%) and 156 (41%) cases. 

Fig. 1 shows the observed and fitted time-series of the quarterly

CPE index cases per 10 0,0 0 0 hospitalization-days (HD) in period 1

and the predicted values with 95%PI for 2020. We observed a sig-

nificant linear upward trend ( p < 10 −6 ) of + 0.34 CPE cases/10 0,0 0 0

HD each quarter and a seasonal component with higher number in

the third quarter, corresponding to summer periods ( p < 10 −3 ). By

comparing the number of observed and forecasted CPE incidence

in 2020, it emerged that the observed cases did not fit the projec-

tion. Indeed, the observed CPE incidence was lower than the pre-

dicted lower limit of the 95% PI forecast from the second quarter. 

Analysis of the CPE incident cases with a recent stay

abroad showed a significant upward trend ( p < 10 −6 ) of + 0.17

CPE cases/10 0,0 0 0 HD each quarter and significant seasonality

( p < 10 −5 ). By comparing the number of quarterly observed and

forecasted CPE cases with a history of stay abroad, the observed

CPE incidence was lower than the predicted lower limit of the 95%

PI forecast from the second quarter of 2020 ( Fig. 2 A). Analysis of

the CPE cases without a history of stay abroad showed a similar

upward trend ( p < 10 −6 ) of + 0.17 CPE cases/10 0,0 0 0 HD each quar-

ter but no seasonal component ( Fig. 2 B). Moreover, the number of

observed CPE cases without a history of stay abroad remained in

the 95% PI forecast during 2020. 

The mean number of secondary cases per episode remained

stable with 399 for 2131 episodes in period 1 (0.2 cases/episode)

and 84 for 380 episodes in 2020 (0.2 cases/episode) which does

not argue for an increase of CPE intra-hospital transmission during

the pandemic. 

Finally, this study shows that the annual number of index CPE

cases dramatically decreased in 2020 in the largest public health

institution in France. This concerned the CPE index cases with a

history of stay abroad while those without continued to increase

following the same trend as in previous years. This is probably

l

Fig. 1. Observed carbapenemase-producing Enterobacteriaceae index cases from
he result of governmental restrictions during the pandemic which

ave limited international travel, 9 the most important source of

PE in countries as France with a low incidence. 10 In contrast, the

volution of the CPE incidence without a recent stay abroad does

ot seem to have been affected during the pandemic: the rein-

orcement of hygiene measures in the general population and in

ospitals did not bend the incidence curve, but the modified con-

itions of care in hospitals did not increase the cross transmission

ither. 

This study has several limitations. Firstly, the completeness of

he data is questionable because the IPCT had little time to do

hese reports in 2020, even if a catch-up was made retrospectively

n 2021. In addition, a decrease in CPE screening in 2020 is possible

ue to the overload of work in the intensive care unit and a short-

ge of swabs that lasted a few weeks during the first COVID-19

ave. However, the fact that the decrease in CPE cases concerned

nly cases with a history of stay abroad tempers these limitations.

In conclusion, our study shows a decrease in the incidence of

PE cases in our institution during the COVID-19 pandemic. It sug-

ests that this decrease is linked to a decrease in international ex-

hanges. This underlines that, to be effective, the fight against an-

imicrobial resistance will have to be considered at an international

evel. 
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Fig. 2. Observed carbapenemase-producing Enterobacteriaceae index cases with (2A) and without (2B) a known history of stay abroad from 2014 to 2020 and 2020 forecasted 

cases with 95% prediction intervals. 
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