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Dear Editor, 

According to the WHO, more than 30 million children un-

der five years of age still suffer from vaccine-preventable dis-

eases (VPDs) every year in Africa. 1 Of these, over half a million

die from VPDs annually, representing approximately 58% of global

VPD-related deaths. 1 Pre-COVID-19, the immunization programs in

most African countries were gaining traction with diseases such as

polio and maternal and neonatal tetanus nearing eradication and

elimination respectively. 1 As such, the consequences of COVID-19

related disruptions in childhood immunization service delivery will

be catastrophic. Granted, most countries in Africa are anticipat-

ing an increased risk of a resurgence of VPDs that were controlled

or eliminated. To anticipate the consequences related to subopti-

mal control of VPDs in children following the COVID-19 pandemic,

there is a need to assess the extent of these disruptions in the re-

gion. In this letter, we present preliminary findings of a review

aimed at synthesizing the available evidence on the accessibility

and utilization of child immunization services (CIS) in Africa dur-

ing the COVID-19 pandemic period. 

PubMed, Google Scholar, and Africa Journals Online (AJOL)

databases were searched for relevant studies. Details on the re-

sults of title, abstract and full text screening are presented in

Fig. 1: Preferred Reporting Items for Systematic Reviews and Meta-

nalyses (PRISMA) flow chart. Ten studies met the inclusion cri-

teria ( Table 1 ). Data were independently extracted from eligible

studies. 

Out of the 10 studies found eligible for data synthesis, seven

studies reported decreased utilization of CIS. One study conducted

in Ethiopia reported a 0.3% and 4.7% decrease in pentavalent-1 vac-

cination and pentavalent-3 vaccination during the first 8 months

(March – October 2020) of the pandemic, respectively. 2 This study

also reported that there was an overall 0.6% decrease in the num-

ber of fully vaccinated during the same period compared to the

previous 8 months (July 2019 – February 2020) average perfor-

mance. A multi-country study conducted in eight sub-Saharan

African countries reported that child vaccination had the largest

decline in several countries. 3 This study shows that there was a

drop in the number of children who received the third dose of the

pentavalent vaccination for at least 1 month in all countries except

DRC. The reported cumulative reduction in child vaccination from

March-July 2020 ranged from 2% in Cameroon to 17% in Mali, with

the largest reductions recorded in April and May 2020. In Liberia

and Somalia, there were no significant differences in numbers of

vaccinated children from pre-COVID levels to June 2020. 3 Other

studies conducted in Ethiopia 4 and Rwanda 5 reported a significant

decrease in CIS during the COVID-19 pandemic. 
https://doi.org/10.1016/j.jinf.2022.07.020 

0163-4453/© 2022 The British Infection Association. Published by Elsevier Ltd. All rights r
Apart from a decrease in the rate of attendance and utilization

f child immunization services during the COVID-19 pandemic, de-

ivery of these services was also limited due to the prioritization

f COVID-19 patients. Out of the 10 included studies in this re-

iew, only three 6–8 reported disruptions on the delivery of CIS

rom the health care providers’ perspectives. Based on the findings

f a cross-sectional study in Nigeria, there was a slight decline of

hree percent in the delivery of CIS. 6 A nearly 10% decline in the

umber of facilities offering CIS services was observed after the

ockdown in Nigeria. About 96.0% to 100% of the selected primary

ealth centers (PHCs) offered CIS before lockdown, while during

he lockdown, only 85% were offering the services. During the lock-

own, the decline in CIS differed by region. After the lockdown, the

evel of CIS amongst some facilities remained at lockdown levels

hile at other PHCs it declined from the lockdown levels. On the

ther hand, another study in Kinshasa in the DRC 

7 reported no sig-

ificant differences between the pre-COVID and during COVID rates

f child vaccinations while vaccination services ceased in lockdown

or 4 weeks in Kampala, Uganda. 8 

A study conducted in Nigeria 9 investigated challenges in access

nd satisfaction with reproductive, maternal, newborn, and child

ealth services during the COVID-19 pandemic. The study reported

hat about 56% of the participants had no challenge accessing re-

roductive, maternal, neonatal, and child health (RMNCH) services

ince the COVID-19 outbreak. However, the remaining 44% of the

articipants reported a least one challenge with accessing RMNCH

ervices. 9 Close to a third could not access service because they

ould not leave their houses during the lockdown and about 18%

ould not access service because there was no transportation dur-

ng the lockdown. About 3% of the participants mentioned other

hallenges such as the high cost of transportation, fear of con-

racting COVID-19 since patients with COVID-19 were also receiv-

ng care in the facility, and the mandatory use of facemasks at the

acility. 

The emergence of the novel severe acute respiratory syndrome

oronavirus 2 (COVID-19) resulted in an unprecedented public

ealth crisis. Before the rollout of COVID-19 vaccination programs,

easures to mitigate the risks of COVID-19 relied on limiting per-

onal contact, hand hygiene, wearing face masks, and movement

estrictions. These measures also disrupted health services such as

IS. This review revealed that there was a decrease in utilization

f CIS in most sub-Saharan African countries during the COVID-

9 pandemic. The decline in immunization rates differed accord-

ng to the vaccine and the regions of the countries. This review

lso revealed that the delivery of CIS was disrupted in some coun-

ries, while in some CIS completely ceased during the lockdown,

et in others, there were no significant changes. In some coun-

ries, the number of facilities offering CIS decreased. Furthermore,

his review revealed that some people in some countries had dif-

culty accessing CIS due to several reasons. Countries in Africa
eserved. 

https://doi.org/10.1016/j.jinf.2022.07.020
http://www.ScienceDirect.com
http://www.elsevier.com/locate/jinf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2022.07.020&domain=pdf
https://doi.org/10.1016/j.jinf.2022.07.020
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Table 1 

Characteristics of included studies. 

Author, Year Study Design Data Sources Data Collection Tool Key findings on child immunization during 

COVID-19 

Kassie et al. 4 Comparative study Facility health records for each service 

component. 

Checklist extracted from the 

Ethiopian Demographic and Health 

Survey,2016 (EDHS, 2016) 

Decrease in overall newborn immunisation service 

utilisation by 28.5% from the pre-COVID-19 

numbers to the COVID-19 period. 

Balogun et al. 9 descriptive Cross-sectional 

study 

Clients: women of reproductive age 

who had just received RMNCH services 

at the heatlh facilities. 

Structured questionnaire used to 

conduct exit interviews. 

Childhood immunisation was the most frequently 

received service (42.02%) since the COVID-19 

outbreak. 

Wanyana et al. 5 cross-sectional quanitative Provincial level MCH indicators 

extracted from the Rwanda Health 

Management Information System 

(HMIS). 

Not specified but assume the data 

was exported to a spreadsheet then 

to SPSS for statistical analysis. 

Significant decreases noted in the following 

vaccinations; BCG, polio zero, polio 1, polio 2, 

diptheria, tetanus, pertussis, hepatitis B and 

hemophilus influenza (DTP_HepB_Hib) 1, 

DTP_HepB_Hib 2, pneumococcus 1, pneumococcus 

2, rotavirus 1 and rotavirus 2 

BCG and polio zero vaccination services 

utilization decreased in three out of five 

provinces. 

Despite the overall decline in service 

utilization, the utilisation in the Southern 

Province of measles and rubella (MR) 1 

vaccination services increased with 

variations probably due to the 

continuation of community-based 

interventions in the region. 

Adelekan, 2021 cross-sectional study Health workers (head nurses/midwives) 

in health facilities. 

Semi-structured 

interviewer-administered 

questionnaire 

Slight decline in childhood immunisation during 

COVID lockdown by about 3% from pre pandemic 

levels. 

Further decline in childhood immunisation 

by about 10% after the lockdown. 

The changes in childhood immunisation 

varied with states. 

Gebreegziabher et al. 2 Cross-sectional Routine health management 

information system (HMIS) database 

form the Addis Ababa Health Bureau 

HMIS data entered into Redcap 

database. 

There was a decrease in Pentavalent-1 vaccination 

(0.3%), Pentavalent-3 vaccination (4.7%) and fully 

vaccination (0.6%) in the first 8 months of the 

COVID −19 pandemic (March-October 2020) 

compared to the previous 8 months (July 2019- 

February 2020) average perfomance. This could 

have been due to the deisre to reduce COVID-19 

spread in health facilities and the repurposing of 

health workers may have led to hesitation to 

continue routine immunisation services in health 

facilities during the early period of the COVID-19 

pandemic. 

( continued on next page ) 
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Table 1 ( continued ) 

Author, Year Study Design Data Sources Data Collection Tool Key findings on child immunization during 

COVID-19 

Pentavalent-3 vaccination recipients began 

to decrease during January to March 

2020 with accelerated reduction in the 

period April to June 2020 following the 

national lockdown. 

The trend in Measles first dose vaccination 

across quarters remained above the 

pre-pandemic baseline level, although a 

slight positive decrement trend was 

observed during the periods 

January–March 2020, July–September 

2020 and October–December 2020. 

Accelerated increment was observed in 

the period April–June 2020 following 

lockdown. This may have been due to 

the nationwide home to home campaign 

that was conducted in June 2020 in 

Ethiopia 

Pires, 2021 Mixed-methods research, 

descriptive, cross-sectional, 

retrospective 

Quantitative data: facility monthly 

official statistics and MCH statistics 

department. 

Qualitative data: interviews with HCWs, 

traditional birth attendants, clients of 

MCH services. 

Quantitative data: Microsoft 

Excel 

Qulaitative data: interview guide used for 

recorded interviews 

There was a 20% decline in 

childhood vaccinations and an 

18% decrease in children 

completely vaccinated in the 

intervention area during the 

three months of COVID-19 

pandemic in 2020 when 

compared to the same period 

in 2019 all without statistical 

significance. 

In the non-intervention area, there was a 

16% decrease in children completely 

vaccinated fot the same periods all 

without statistical significance. 

In non-intervention area there was a 

decrease of 16% in the number of 

children completely vaccinated all 

without any statistical significance. 

Clients and TBAs indicated that they 

continued to attend health services, 

mostly to get vaccinations for their 

childern as vaccines were no longer 

available through community outreach 

programs. 

( continued on next page ) 
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Table 1 ( continued ) 

Author, Year Study Design Data Sources Data Collection Tool Key findings on child immunization during 

COVID-19 

Shapira et al. 3 interrupted time series design Panel data from monthly service 

volumes from health facilities reported 

into the national HMIS. 

Not specified Child vaccination had the largest declines in 

several countries as evidenced by the drop for at 

least 1 month in all countries except DRC in the 

number of children who received the thrid dose of 

the pentavalent. 

Cumulative reduction in child vaccination 

in the March-July 2020 period ranged 

from 2% in cameroon to 17% in Mali with 

the largest disruptions recorded in April 

and May. 

In countries like Liberia and Somalia, there 

were no significant diffrences in 

numbers of vaccinated childern from 

pre-COVID levels byu June 2020. 

The number of BCG vaccinations 

adminstered showed a similar pattern 

but with smaller reductions on average„

with three of seven countries reporting a 

significant shortfall in gtotal BCG 

vaccinations delivered. 

The model does not observe subsequent 

significant positive increases that would 

suggecst a catch-up from earlier 

vaccination reductions in five of the eight 

countries where the overall 5-month 

decline is significantly below zero. 

Vaccination services, relying to a larger 

extent on outreach campaigns relative to 

other services, may likely to have been 

more impacted by activity restrictions 

introduced to mitigate the virus’s spread. 

Shikuku, 2020 cross – sectional Facility level data extracted from the 

Kenya Health Information System 

(KHIS) 

Microsoft Excel Spreadsheet There were no significant changes in the mean 

total hospital attendance per month for 

immunization services during a 4-month period 

(March – June 2019) pre-COVID-19 compared with 

during the equivalent 4-month period 

peri–COVID-19 pandemic. 

Trends across month showed a reduction 

in hospital attendance in April 2020 for 

all the hospital services followed by a 

sustained increase in May and June 2020 

for pentavalent immunization compared 

with the similar equivalent pre-COVID-19 

period 

( continued on next page ) 
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Table 1 ( continued ) 

Author, Year Study Design Data Sources Data Collection Tool Key findings on child immunization during 

COVID-19 

Burt, 2021 Observational study Facility level electronic medical records 

(EMR) from Kawempe district, Kampala 

Microsoft Excel Spreadsheet All antenatal and vaccination services ceased in 

lockdown for 4 weeks. 

Since the lifting of the lockdown, there 

have been a significant reduction (960 

fewer) in monthly attendances . 

There was no change in the rate of 

children receiving Bacille 

Calmette-Guerin (BCG) at birth, oral 

polio, pneumococcal or rotavirus 

vaccines since the end of lockdown, 

although fewer children were reported to 

be attending the immunization clinic. 

The increase in the rate of measles 

vaccinations attributable to a catch-up 

campaign after a long stock out. 

Hategeka 7 time series Facility level Health Management 

Information System (HMIS) 

Not specified Vaccinations were largely not affected by COVID-19 

in Kinshasa 

The Gombe health zone had few facilities 

( n = 3) that reported vaccination 

consistently during the study period, 

subgroup analyses to undestand the 

effect of the lockdown policy on 

vaccinations in the zone. 

The fact that vaccinations were not 

affected likely to be explained by the fact 

that most vaccinations are delivered at 

health centers which were not affected 

by lockdowns as comapred to hospitals. 
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Fig. 1. PRISMA flow diagram. 
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hould therefore monitor childhood immunization trends during

he COVID-19 pandemic so that they can implement catch-up vac-

ination activities for those who would have missed their doses as

oon as is practically possible. 
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Dear Editor, 

Sepsis is a life-threatening organ dysfunction caused by a dys-

regulated host response to infection, 1 rapid and accurate pathogen

diagnosis is essential. A recent paper by Yin and colleagues high-

lights the rapid and high sensitivity of plasma metagenomic next-

generation sequencing (mNGS) for pathogen diagnosis in sepsis. 2 

However, how the pathogen detected from plasma mcfDNA repre-

sents local infection remains unknown, and whether any clinical
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Study on the clinical indications for plasma as an 

alternative to the bronchoalveolar lavage fluid 

metagenomic next-generation sequencing test to detect 

consistent pathogens for septic patients in intensive care 

units 
r  

Fig. 1. Analysis of pathogen concordance of plasma and local body fluid samples mNGS. (

BALF, others, CSF and blood sample types. (B) Pathogen consistency of plasma and local b

other local body fluid samples. (C) The top 25 detected pathogens in plasma and BALF sa
etrics can be used for optimal blood sampling time for pathogen

iagnosis in septic patients remains unclear. 

Here, we performed a prospective study to determine the

athogenic consistency of plasma and local body fluid sample

NGS from septic patients, and to identify clinical indications for

lasma mNGS as an alternative to the bronchoalveolar lavage fluid

BALF) mNGS test in sepsis. Severely infected septic patients hos-

italized in Shenzhen Second People’s Hospital were enrolled from

ay 2020 to June 2022. 

Plasma and local body fluid samples were collected and sent

or both conventional microbiology testing (CMT) and mNGS tesing

details in Supplementary Materials). Sepsis diagnoses according

o the guidelines of the International Guidelines for Management

f Sepsis and Septic Shock (2016) were screened. 3 Discharge diag-

osis was used as the gold standard to compare the pathogenic

onsistency of plasma sample mNGS and local body fluid sample

NGS in septic patients. Clinical indications for plasma mNGS in-

tead of BALF mNGS to detect consistent pathogens in septic pa-

ients were determined by constructing a predictive model using

ASSO (details in Supplementary Materials). The study schematic

orkflow was shown in Fig. S1. 

Briefly, 278 patients were screened, and 143 patients were en-

olled with 458 mNGS tests of plasma, BALF, pleural fluid, ascites,

erebrospinal fluid (CSF) and wound samples. The baseline char-

cteristics of the participants are described in Table S1. mNGS as

 new detection method in recent years, offers several advantages

hat CMT cannot provide. In this study, mNGS performed better

han CMT in terms of the agreement rate, specificity and sensi-

ivity (96% vs 52%, 100 vs 92%, 96% vs 52%, Fig. 1 A). This result

as consistent with several studies in mNGS for sepsis patients. 2 , 4 

f note, limited by the lack of sampling equipment and sampling

rofessionals, it is difficult to collect suspected local infection sam-

les in early clinical practice. 5 Therefore, it’s meaningful to explore

he pathogenic consistency of plasma samples and local body fluid

amples from septic patients. The consistency rate of septic patient

lasma with local body fluid samples was higher than 75%, the

ate of plasma with BALF samples was 75.21%, and that with CSF
A) The agreement rate, specificity and sensitivity of mNGS and CMT in all samples, 

ody fluid samples mNGS, including plasma and BALF, plasma and CSF, plasma and 

mples. 

mailto:td2581@cumc.columbia.edu
https://doi.org/10.1016/j.jinf.2022.07.020
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2022.07.016&domain=pdf


Clinical indications for plasma mNGS alternative to BALF mNGS in spesis / Journal of Infection 85 (2022) 443–480 443 

s  

t  

s  

A  

m  

s  

(  

t  

a  

b  

l  

c  

t  

p  

f  

d  

K  

m  

q  

C

 

a  

a  

s  

i  

p  

t  

d  

t  

(  

p  

B  

a  

0  

s  

8  

F

(

p

amples was 81.25% ( Fig. 1 B). Excluding viruses, the top 3 consis-

ently detected pathogens in plasma and BALF samples were Kleb-

iella pneumoniae ( n = 66), Pseudomonas aeruginosa ( n = 32) and

cinetobacter baumannii ( n = 22), which are also the most com-

on pathogens in ICU sepsis in mainland China. 6 The results also

howed a high consistency in detection in bacteria and viruses

 Fig. 1 C). Moreover, for fucus on all pathogens detected in sep-

ic patients, the details of the detected pathogens among plasma

nd different local body fluid paired samples were shown in Ta-

les S2-S4. A CDC’s report showed that coagulase-negative staphy-

ococci, Candida spp., Staphylococcus aureus, Klebsiella spp., Entero-

occus faecalis , Escherichia coli, Pseudomonas aeruginosa and Acine-

obacter spp. are the most frequently reported pathogens in hos-

ital ICUs. 7 In this work, we found that Candida spp ., Enterococcus

aecium, Pseudomonas and Acinetobacter spp . were most frequently

etected, which is consistent with the CDC’s report. Furthermore,

lebsiella pneumoniae, Pseudomonas aeruginosa, Acinetobacter bau-

annii and Stenotrophomonas maltophilia were also detected fre-
ig. 2. Clinical indication for plasma mNGS alternative to BALF mNGS. (A) Seven filtered

B) ROC curves and predictive performance of the predictive model for septic patients i

redictive model for septic patients in the testing cohort ( n = 28). 
uently. These common pathogens are consistent with the 2021

HINET report ( http://www.chinets.com/ ). 

Due to the high consistency of pathogens detected from plasma

nd BALF samples, it is critical to find the timing of plasma mNGS

s an alternative to BALF mNGS to detect consistent pathogens. We

plit the paired plasma and BALF samples into two groups accord-

ng to the mNGS results: plasma-negative BALF-positive group and

lasma-positive BALF-positive group (details in Supplementary Ma-

erials). Then, we constructed a LASSO model using 56 clinical in-

icators (Table S5) and screened 7 indicators with weighted con-

ributions including PaO 2 /FiO 2 , LAC, pH, ALB, RBC, GLB and TBIL

 Fig. 2 A). In the training cohort ( n = 89), the AUC of the model to

redict pathogens detected from plasma mNGS as an alternative to

ALF mNGS was 0.757, with a specificity, sensitivity, PPV, NPV and

ccuracy of 50%, 82%, 82%, 50% and 73%, respectively, at a cutoff of

.914 ( Fig. 2 B). In the testing cohort ( n = 28), the AUC was 0.731,

pecificity and sensitivity were 71% and 76%, PPV and NPV were

9% and 50%, and the accuracy was 75% ( Fig. 2 C). A test result may
 features and their weights that contributed to the predictive model using LASSO. 

n the training cohort ( n = 89). (C) ROC curves and predictive performance of the 

http://www.chinets.com/
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be considered clinically impactful or clinically relevant if the treat-

ing physician makes a management decision based on that result. 8 

When the cutoff is ≥ 0.914, the plasma sample is likely to detect

pathogens that are consistent with the BALF sample. For example,

when it is difficult to collect samples from the primary infection

site, plasma samples can be used instead. If cutoff < 0.914, sam-

ples from the primary infection site should be collected as much

as possible, and the probability of detecting pathogens consistent

with the lesion samples in plasma samples is low. If conditions

permit, it is better to collect two samples as much as possible. If

limited by economic conditions, only one of them can be selected,

it is recommended to give priority to samples from local infections.

Nevertheless, there are some deficiencies in our study. First,

both CMT and mNGS lack unified standards to identify whether de-

tected pathogenic microorganisms are derived from infection, col-

onization, or contamination. Second, for practical applications of

this technique, the subjective judgment of clinicians is still needed,

which is highly dependent on clinical experience. Finally, this was

a single-center study, multiple regions and larger sample sizes

will make the predictive model more accurate. Overall, our results

demonstrate the clinical indication to detect consistent pathogens

for plasma mNGS alternative to BALF mNGS in ICU septic patients,

which will help clinicians use mNGS more flexibly and accurately

to diagnose infections in sepsis. 
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a  
ear Editor, 

Human adenovirus (HAdV) is an important pathogen in acute

espiratory tract infections(ARTIs). 1 In this Journal, both Poole 2 and

umley 3 reported significant variation in HAdV prevalence during

he COVID-19 pandemic. However, the epidemiology of HAdV re-

ains incompletely understood. We conducted a multiple-center

rospective surveillance, including ARTI patients of all age cate-

ories admitted to 35 sentinel hospitals situated across all 16 dis-

ricts of Beijing, with the aim of understanding contemporary epi-

emiological characteristics of HAdV infections in Beijing, China. 

A total of 47,338 ARTIs cases were enrolled from 2015 to 2021,

ncluding 13,927 children ( < 18 years old), 32,226 adults ( ≥18 years

ld), 1,185 without age information, the median age was 38 years

IQR, 9–68). HAdV was detected in 581 cases, including 337 chil-

ren, 240 adults, 4 individuals without age information, with a me-

ian age of 9 years (IQR, 4–30). 

The overall HAdV detection rate was 1.23% (581/47,338). The

etection rates varied yearly as follows: 1.40% (93/6,643) in

015, 1.48% (111/7,522) in 2016, 1.22% (93/7,650) in 2017, 1.49%

117/7,839) in 2018, 1.73% (135/7,806) in 2019, 0.56% (22/3,961) in

020 and 0.17% (10/5,917) in 2021. The entire HAdV epidemic pe-

iod could be divided into three stages: epidemic period as period

 (January 1, 2015–December 31, 2017), high epidemic period as

eriod 2 (January 1, 2018–January 31, 2020), and COVID-19 pan-

emic period as period 3 (February 1, 2020–December 31, 2021)

 Fig. 1 ). The HAdV-positive rates of period 1, period 2, and period

 were 1.36% (297/21,815), 1.65% (269/16,333), and 0.16% (15/9,190),

espectively, with significantly increasing in period 2 ( p < 0.05)

nd dropping in period 3 ( p < 0.001) ( Fig. 1a ). It was consistent

ith the reports that public health measures against COVID-19 had

 great impact on the prevention of HAdV and other respiratory

athogens. 2 , 4 , 5 

HAdV-positive cases were detected in all age groups. The high-

st detection rate was observed in the age group of 1–4 years old

2.79%, 177/6,354), followed by the age group of 15–19 years old

2.70%, 36/1,331), 5–9 years old (2.46%, 97/3,941), 10–14 years old
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rospective surveillance of human adenovirus in acute 

espiratory infections reveals epidemiological features and 

he disappearance of species B during the COVID-19 

andemic in Beijing, China 
2.17%, 31/1,427), and 20–24 years old (2.02%, 36/1,779). The detec-

ion rates decreased dramatically to a low level among the popu-

ation aged 30 years or older ( Fig. 1b ). During the COVID-19 pan-

emic, a total of 15 HAdV-positive cases were detected, including

0 cases aged 1–4 years old. The remaining age groups were al-

ost free of infection. This suggests that HAdV infection in chil-

ren under 5 years old, except for RSV, is a crucial public health

roblem that should be taken seriously. 

Eleven HAdV types were successfully identified by sequencing

he hexon and fiber gene 6 including HAdV-3 (49.74%, 289/581),

AdV-7 (14.29%, 83/581), HAdV-2 (8.78%, 51/581), HAdV-1 (6.71%,

9/581), HAdV-4 (6.54%, 38/581), HAdV-55 (5.51%, 32/581), HAdV-

 (2.58%, 15/581), HAdV-57 (1.03%, 6/581), HAdV-14 (0.86%, 5/581),

AdV-21 (0.69%, 4/581), and HAdV-41 (0.17%, 1/581). 

The prevalence of HAdV types varied during three periods. In

eriod 1 and period 2, HAdV-B (3, 7, 14, 21, and 55), HAdV-C (1, 2,

, and 57), and HAdV-E (4) were all detected. Among them, HAdV-

 was the dominant species. In period 3, HAdV-B was undetected,

hile HAdV-C and HAdV-E remained at a low prevalence ( Fig. 2a ).

his is the first to describe the disappearance of HAdV-B during

he COVID-19 pandemic, which had important public health impli-

ations. Given that HAdV-B was the most common type of ARTIs in

sia, which had caused outbreaks and severe pneumonia, 7 it was

ecessary to maintain continuous surveillance in order to keep on

lert for the reemergence of HAdV-B in the future. 

The prevalence of HAdV-B varied significantly in period 1 and

eriod 2 (0.99% [216/21,815] vs. 1.21% [197/16,333]; p < 0.05)

 Fig. 2b ). HAdV-3 and HAdV-7 were the dominant type. Compared

o period 1, HAdV-3 still remained the most dominant type, with

o significant variance in period 2 (0.73% [160/21,815] vs. 0.79%

129/16,333]; p = 0.551). However, the detection rate of HAdV-

 increased significantly in period 2 (0.14% [31/21,815] vs. 0.32%

52/16,333]; p < 0.001). The detection rates of other types of

AdV-B in period 2 remained at a similar level. 

The prevalence of HAdV-C did not vary significantly among the

hree periods (0.26% [56/21,815] vs. 0.25% [41/16,333] vs. 0.15%

14/9,190]; p = 0.192) ( Fig. 2c ). HAdV-C could cause an asymp-

omatic persistent infection after initial infection. 8 In period 3,

he continued prevalence of HAdV-C may be associated with the

ersistent infection in children. Species E (HAdV-4) increased sig-

ificantly in period 2(0.07% [15/21,815] vs. 1.21% [197/16,333];

 < 0.05) ( Fig. 2d ). Only one sample of HAdV-4 was detected

n period 3. These observations suggested that the rise of HAdV-

 and HAdV-4 led to the high prevalence of HAdV in period 2.

AdV-7 was associated with more severe disease than other HAdV

ypes, and the emergence of HAdV-7 often led to HAdV outbreaks. 9 

AdV-4 has been known to circulate sporadically, while increasing

AdV-4 infections have been found in many countries. 6 The preva-

ence changes of these HAdV types emphasize the need to closely

onitor type in HAdV for early warning and intervention. 

The most common clinical manifestation of the HAdV-positive

atients was moderate or high fever ( ≥38 °C, 96.68%), followed by

ough (72.93%), sore throat (48.25%), sputum production (44.75%),

nd rhinorrhoea (24.86%). These clinical characteristics were help-

ul to differential diagnosis with infections of other respiratory

athogens. We also found HAdV-7 and HAdV-4 had the highest

revalence in severe community-acquired pneumonia (SCAP) in

8–24-year-old patients. Notably, SCAP cases were most commonly

bserved at children ( < 1 years old) and the elderly ( ≥60 years old),

hich was similar to respiratory syncytical virus. 10 SCAP cases

ore often experienced respiratory failure, liver damage and kid-

ey failure ( p < 0.05). 

In summary, children were the main population for HAdV

nfections in Beijing. The elevated prevalence of HAdV in 2018

nd 2019 was probably linked to the rise of HAdV-7 and HAdV-
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Fig. 1. The prevalence and distribution of HAdV in population, Beijing, 2015–2021. a, the number of HAdV-positive cases and detection rate among patients with ARTIs by 

month and period, Beijing, 2015–2021. Note: The first COVID-19 case was identified in Beijing on January 19, 2020, and a Level I Public Health Emergency Response (PHER) 

was implemented on January 24, 2020. Therefore, February 1, 2020, was used as the cutoff point to differentiate the COVID-19 epidemic period. b, the distribution of HAdV 

infection by age in Beijing, 2015–2021. 

 

 

 

 

D
4. During the COVID-19 epidemic, the prevalence of HAdV sig-

nificantly decreased and the long-term dominant HAdV-B dis-

appeared. Continuous, population-wide molecular epidemiologi-

cal surveillance is essential for the prevention and control of
HAdV. 
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Fig. 2. The prevalence of different HAdV types by month and period, Beijing, 2015–2021. a, The prevalence of HAdV type. b, The prevalence of HAdV-B. c, The prevalence of 

HAdV-C. d, The prevalence of HAdV-E. 
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Dear Editor, 

The older population is the main victim of the coronavirus dis-

ease 2019 (COVID-19) pandemic. 1 Many studies have shown that

residents at long-term care facilities (LTCF) have been greatly af-

fected by COVID-19, 2 indicating a requirement of a comprehensive

strategy to protect the elderly for normalization of social functions.

Here, we aimed to assess the immune response after a third-dose

mRNA vaccine booster among older Japanese people. Our results

suggest an importance of antibody titter to establish a treatment

priority in the vulnerable population. 

To investigate the antibody titres against SARS-CoV-2 among

older individuals, 23 facilities (12 day-care centres [DCC] and 11

LTCFs) responded to our call to participate. Each participant re-

ceived either two doses of BNT162b2 or mRNA-1273 vaccines at

least six months prior. For comparing the titres with those of

younger generations, we collected data from the nursing care staff

at the DCCs and LTCFs. Additionally, our previous data of health-

care workers was used. 3 The Mokobio SARS-CoV-2 IgM & IgG

Quantum Dot immunoassay (Mokobio Biotechnology R&D centre

Inc., MD, USA) was used for the point-of-care fingertip whole blood

sampling test. In this study, we defined non-responders as those

whose post-booster antibody titres were less than 10 0 0 U/mL at

any test time after vaccination ( < 3 months). This was based on

neutralizing activity against the wild-type virus and immune eva-

sion of the Omicron variant as explained in our previous litera-

ture. 3 Post-booster antibody titres were analysed by stratifying ac-
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Poor vaccine responsiveness towards third-dose mRNA 

vaccine of COVID-19 in Japanese older people 
ording to age, sex, living status, and vaccine type. A logistic re-

ression model was used for the multivariate analysis. The institu-

ional review board of Okayama University Hospital approved this

tudy (No. 2112–044), and written informed consent was obtained

rom all the participants. 

Data of 1046 older adults were eligible for the analysis. The

edian age of the population was 86 years, with a female pre-

ominance (66.3%). Among the participants, 67.2% resided at LTCFs.

he proportion of receiving vaccine boosters after two doses of

NT162b2 (59.2%) was higher than that of mRNA-1273 (40.2%) vac-

ine administration. Then, we incorporated data of nursing care

taff working at DCCs and LTCFs, and the healthcare workers at

ospitals to demonstrate the distribution of post-booster antibody

itres by age as compared with COVID-19 survivors at the facility

ith the cluster. 3 Of the 1771 people, we excluded those examined

 to 9 days after the booster dose ( N = 415), and a total of 1356

ndividuals were analysed. 

Antibody titres were widely distributed in each age group

 Fig. 1 ). The invalid (too high for measurement) testing rate was

ver 10% in those aged < 60 years. With age, it decreased to 5.4%

n septuagenarians, 4.7% in octogenarians, and 3.2% in nonagenari-

ns. Based on the finding, we regarded those with antibody titres

ess than 250 U/mL as poor responders, which corresponds to two-

old the LD50 concentration level in vitro . The number and pro-

ortion of non-responders increased with age: 2 (0.9%) septua-

enarians, 23 (5.4%) octogenarians, and 29 (9.4%) nonagenarians.

oreover, the antibody titers of COVID-19 survivors one month

fter the cluster event was apparently higher than those after

he post third-dose vaccination. Despite the extremely high age

f these groups (median ages of those two times-vaccinated and

hree times-vaccinated were 86.5 years and 88 years, respectively),

he invalid testing rates were 39.3% and 47.1%, respectively, and no

on-responders were detected. 

Further, we investigated the explanatory factors for third-dose

accine responsiveness among the older population ( Table 1 ). To

xclude data derived from those shortly after the booster vac-

ination, we included only data from 10 days after vaccination

 N = 982). The proportions of responders aged < 70 years (81.4%),

0–79 years (septuagenarians, 80.5%), 80–89 years (octogenarians,

2.7%), and ≥90 years (over nonagenarians, 66.3%) decreased with

ge. Univariate analysis suggested that men, commuters to DCC,

nd ≥50 days after the booster were significantly associated with

he vaccine responsiveness. A result of the multivariate analysis

id not show significant differences in age group, sex, and living

tatus; while, the third-dose vaccination with mRNA-1273 was as-

ociated with a significantly higher response rate than BNT162b2

75.8% vs. 70.6%: odds ratio [95% CI]; 1.37 [1.00–1.89]). In compari-

on with the group of the 10–19 days period, the vaccine response

ate in those with a longer period after vaccination ( ≥50 days) was

ignificantly lower (77.2% vs. 63.0%: odds ratio [95% CI]; 0.55 [0.33–

.92]) 

Older people are at increased risk of developing severe COVID-

9. According to a population-based seroprevalence study in

witzerland, the fatality risk for those aged ≥65 years was approx-

mately 5.6%, significantly higher than that of the younger gener-

tion ( < 0.001%) aged under 50 years. 4 In the United States, the

umber of deaths among people aged ≥ 65 years is presumably

7 times higher than that among people aged 18–29 years. 5 This

an be explained by immunosenescence and multimorbidity of un-

erlying diseases among the elderly. 6 , 7 People age not only phys-

cally but also immunologically, and they lose the capability to

espond to foreign antigens. 6 Experts in immune aging indicate

hat the oldest old (nonagenarians and centenarians) population

an be classified into high-performing and low-performing indi-

iduals based on genetic variants that advantageously function for

ealthy aging. 8 , 9 Notably, there were apparent non-responders to
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Table 1 

Univariate and multivariate analysis for the third-dose vaccine responsiveness among older population at long-term care facilities and day-care centers. 

Non-responders ( N = 268, 27.3%)(FWT < 10 0 0 U/mL) 

Responders( N = 714, 

72.7%)(FWT > 10 0 0 U/mL) 

Univariate analysis(vs. Poor 

responders) p value 

Multivariate analysis(vs. Poor 

responders) 

Variables No. 

Poor 

responders( < 250 U/mL) 

Weak responders(250 to 

< 10 0 0 U/mL) OR [95% CI] p value 

Age 

< 70 years 43 0 8 (18.6%) 35 (81.4%) Reference Reference 

70–79 years 205 2 (1.0%) 38 (18.5%) 165 (80.5%) 1 0.95 [0.41–2.22] 0.91 

80–89 years 425 23 (5.4%) 93 (21.9%) 309 (72.7%) 0.28 0.63 [0.28–1.42] 0.26 

≥90 years 309 29 (9.4%) 75 (24.3%) 205 (66.3%) 0.054 0.52 [0.23–1.20] 0.13 

Sex 

Men 320 13 (4.1%) 58 (18.1%) 249 (77.8%) 0.012 Reference 

Women 661 41 (6.2%) 156 (23.6%) 464 (70.2%) 0.83 [0.59–1.17] 0.30 

Living status 

Commuters 349 13 (3.7%) 68 (19.5%) 268 (76.8%) 0.036 Reference 

Residents 633 41 (6.5%) 146 (23.1%) 446 (70.5%) 0.81 [0.57–1.16] 0.25 

Vaccine type 

BNT162b2 585 34 (5.8%) 138 (23.6%) 413 (70.6%) 0.079 Reference 

mRNA-1273 393 20 (5.1%) 75 (19.1%) 298 (75.8%) 1.37 [1.00–1.89] 0.049 

Time after vaccination 

10–19 days 272 11 (4.0%) 51 (18.8%) 210 (77.2%) Reference Reference 

20–29 days 218 12 (5.5%) 42 (19.3%) 164 (75.2%) 0.67 0.77 [0.50–1.18] 0.23 

30–39 days 218 14 (6.4%) 49 (22.5%) 155 (71.1%) 0.14 0.68 [0.45–1.04] 0.07 

40–49 days 174 9 (5.2%) 43 (24.7%) 122 (70.1%) 0.097 0.69 [0.44–1.06] 0.09 

≥50 days 100 8 (8.0%) 29 (29.0%) 63 (63.0%) 0.008 0.55 [0.33–0.92] 0.02 

Abbreviation; FWT, fingertip whole blood sampling test: OR, odds ratio. 

Antibody data of older population examined 10 days or after the third-dose vaccine booster was applied. Sex information was unavailable in 1 case. Vaccine type was unreported in 4 cases. We performed chi-square test as 

univariate analysis and logistic regression model as multivariate analysis to compare the statistical difference among the categories. For the multivariate analysis, dummy variables were used. 
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Fig. 1. Distribution of post-third-dose antibody titres of 1356 individuals in comparison with COVID-19 survivors. Antibody data of healthcare workers, nursing care staff, 

and older people examined 10 days or after the vaccine booster was administered. In addition, the antibody titres of COVID-19 survivors who were infected in a cluster 

event at a long-term care facility were provided by vaccination doses. The lowest values in each younger age group were 317.9 U/mL in < 30 years; 392.3 U/mL, 30–39 years; 

320.7 U/mL, 40–49 years; 258.5 U/mL, 50–59 years; and, 284.6 U/mL, 60–69 years. 
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the third booster, although the multivariate analysis indicated that

age was not associated with vaccine response rate. This may be

explained by the low-performing properties of these individuals.

Our data suggested mRNA-1273 booster was significantly associ-

ated with the vaccine responders. Consistently, a randomized con-

trol study concluded that, in comparison with BNT123b2, mRNA-

1273 booster vaccination can trigger a stronger neutralizing activ-

ity against the Omicron variant in older people. 10 

Collectively, to reduce the number of COVID-19 victims among

the older people, the establishment of a triage system for non-

responders against vaccination is warranted. The fingertip whole

blood sampling test as a point-of-care testing was useful to iden-

tify the non-responder individuals in LTCF. Henceforward, sero-

logical testing protocols and an elderly-oriented booster schedule

should be discussed to lessen the clinical burden of the disease

and facilitate social normalization. 
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ear Editor, 

A recent letter published in your journal by Yuan et al. sum-

arized the measures being taken in China to effectively con-

ain COVID-19 epidemics including the recent Omicron outbreak

n Shanghai. 1 Omicron has a reproduction number (R0) > 10, and

auses relatively mild symptoms, both of which aggravate the rapid

pread of the virus in a “stealth mode”. Shanghai faces especially

evere challenges to control the outbreak at minimal social and

conomic costs, considering it is a major metropolis with a popula-

ion of 25 million. As of 30th June 2022, the cumulative diagnosed

ases have reached over 60 0,0 0 0 and close to 600 cases have died

ith or from COVID-19, which poses significant challenges to the

ity’s healthcare system. Fangcang shelter hospital is a type of ba-

ic medical facility converted from large public space which offers

atients with adequate medical care and provides isolation from

heir local communities to cut down further spread of the virus,

hich has been adopted as a central strategy to achieve ‘dynamic

ero’, i.e., to minimize COVID-19 cases as quickly as possible at

inimal costs. 2 

In line with the previous letter, 1 this approach has been suc-

essfully adopted to rapidly subdue several waves of SARS-CoV-

 in China over the past 2 years. Since the Omicron outbreak

n Shanghai, more than one hundred Fangcang shelter hospitals

ave been rapidly converted from large public spaces including

chools, exhibition centers and other public facilities, and have

ade paramount contributions in providing proper care to patients

ith mild to moderate symptoms, and preventing further viral

preading in the community. 3 On 1st June 2022, the total reopen-

ng of Shanghai marks the end of the city’s stringent lockdown

ince late March and the strategic victory of the implemented pub-

ic health measures and social services. 

Here, we present for the first time, the largest cohort of 165,760

OVID-19 cases during the Omicron outbreak in Shanghai. This

ataset was acquired at one of the largest Fangcang shelter hospi-

als in China that was converted from the Shanghai National Exhi-

ition and Convention Center, the world’s third-largest exhibition

enter with an indoor space of 40 0,0 0 0 m. 2 To suppress this ex-

remely contagious Omicron outbreak, Shanghai has employed a

eries of effective measures to have the majority of its 25 million

esidents screened by SARS-CoV-2 PCR tests on a very frequent ba-

is. With efficient referral and transfer mechanisms in local com-

unities, the majority of patients were admitted to Fangcang shel-

er hospitals within 1–2 days after they tested positive. All pa-

ients admitted to the Fangcang shelter hospitals were screened

aily by PCR tests, and were discharged only when two consec-

tive PCR tests returned negative. Accordingly, the average length

f hospital stay corresponds to approximate the negative conver-

ion time for the infection. The data from this cohort showed an

verage length of hospital stay of 7.18 ± 3.05 days, as compared

o the 16.08 ± 5.13 days for those who were treated at Fangcang

helter hospitals during the outbreak of the original alpha strain in

uhan, in early March 2020. 4 Additional analysis of the cumula-

ive discharge incidence revealed that about 50% of patients were

ischarged on day 6 and 90% were discharged on day 10 ( Fig. A ),

ndicating a much faster hospital bed turnover rate and a generally

ilder spectrum of symptoms for this wave of Omicron infection

ompared to that of alpha strain infection in Wuhan. 4 The data is
ighting Omicron epidemic in China: Real-world big data 

rom Fangcang shelter hospital during the outbreak in 

hanghai 2022 
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Figure A . A . The cumulative incidence functions for the time it took for patient discharge. The 50% and 90% cumulative incidence of discharge were labeled in the graph 

(n = 165,760). B. Average length of hospital stay for different age groups. Results were presented as violin plots. One-way ANOVA with Dunnett’s multiple comparison 

tests were performed for any age group compared to the age group 20-29 (control), ∗∗∗∗ P < 0.0 0 01 (n = 165,760). C. Average length of hospital stay for patients with 

or without chronic diseases. Results of patients with ( + ) or without (-) hypertension or diabetes were analyzed. Unpaired t-tests, ∗∗∗∗ P < 0.0 0 01 (Hypertension n = 2,707, 

Diabetes n = 1,096, Total n = 37,825). D. Impact of patient source on the average length of hospital stays. Results of patients discovered at their local community or in 

the fever clinic were shown. Unpaired t-tests, ∗∗∗∗ P < 0.0 0 01 (Community n = 24,479, Fever Clinic n = 13,346, Total n = 37,825). E. Impact of vaccination status and vaccine 

production company on the average length of hospital stays. Left: results of unvaccinated (-) or vaccinated ( + ) patients of different doses were shown. Right: results of 

different vaccine companies including SINOVAC BIOTECH, Beijing Institute of Biological products, CanSino Biologics Inc, Wuhan Institute of Biological Products, Zhifei Longcom 

Biopharmaceutical. Unpaired t-tests (left) and one-way ANOVA (right), (ns = not significant). (Unvaccinated n = 10,984, Vaccinated n = 26,841; SINOVAC BIOTECH n = 17,878, 

Beijing Institute of Biological products n = 6,531, CanSino Biologics Inc n = 601, Wuhan Institute of Biological Products n = 1,405, Zhifei Longcom Biopharmaceutical n = 426). 
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further supported by a recent study in Southern California by Lew-

nard et al., that symptomatic hospital admission due to Delta vari-

ant is roughly 2.5 times more than that of Omicron infection. 5 

A detailed examination of the age cohorts revealed young

adults (age 20–29) were the fastest to recover (6.67 ± 2.75 days),

while children (age < 10) and the elderly population (age > 80)

needed the longest length of stay to turn negative, with an average

of 7.47 ± 3.01 days and 8.42 ± 3.99 days, respectively. There was

also a clear trend that as adults age they gradually recover slower

from the infections ( Fig. B ). Out of the total 165,760 cases admitted

at the Fangcang shelter hospital, 37,825 cases had detailed infor-

mation about the origin of the patients, their accompanying med-

ical conditions, and vaccination history and enabled further anal-

ysis. Notably, patients with chronic illnesses such as diabetes and

hypertension took remarkably longer to recover compared to the

unaffected population ( Fig. C ). This emphasized the importance to

protect the chronically ill populations, as reported before. 6 Inter-

estingly, the patients who were discovered at the fever clinic were

discharged much quicker than patients who were screened from

the community ( Fig. D ). This may be explained by a theory that

the latter was often asymptomatic and therefore at the preliminary

stage of infection, while the former was frequently symptomatic

and therefore at a later stage of disease of the natural history of

COVID-19 infection. 7 Furthermore, we examined the impact of vac-

cination on hospital stay, yet found out that neither vaccination

nor types of vaccine made remarkable differences ( Fig. E ). The little
ifference could be partially explained by the relatively mild na-

ure of Omicron infection as the majority ( ∼90%) of patients recov-

red within 10 days. The immune evasion due to epitope drifting is

nother possible explanation as the Omicron variant has mutated

ignificantly compared to the original strain used for the genera-

ion of the approved vaccines in China. The impact of vaccination

o reduce the incidence of severe cases or death rates was not ex-

mined in this cohort as Fangcang shelter hospitals only handle

symptomatic cases or patients with mild to moderate symptoms. 

To conclude, we have provided the largest dataset of COVID-19

aturally recovered cases at the Fangcang shelter hospital which

ay serve as an excellent reference for public sectors, policymak-

rs and healthcare professionals to assess the pandemic control

trategies and better understand the disease characteristics of mild

r asymptomatic COVID-19 patients. The Fangcang shelter hospital

odel in Shanghai has once again demonstrated its significance as

 critical measure for patient care and pandemic control and has

ulfilled the goal of China’s “Dynamic Zero” policy. All in all, while

he dawn of victory lies ahead for this wave of the Omicron epi-

emic in Shanghai, the tug of war between mankind and COVID-19

r other types of infectious disease continues. The Shanghai ex-

erience shared here may advance people’s understanding of the

ARS-CoV-2 Omicron variant as well as the use of Fangcang shel-

er hospitals. This may help prepare society for the epidemics to

ome. 
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ear Editor, 

Wang et al. highlighted the importance of enhanced surveil-

ance amongst healthcare workers (HCWs) to prevent nosocomial

ransmission of Coronavirus disease 2019 (COVID-19) as lifting of

ockdowns and safe management measures occurred after the ini-

ial COVID-19 wave in 2020. 1 The arrival of the Delta variant of

evere acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in

ingapore led to increased community cases and a cluster at Tan

ock Seng Hospital (TTSH), a 1600-bed acute general hospital co-

ocated with the national COVID-19 referral center (National cen-

er of Infectious Diseases) in April 2021. 2 Subsequently, TTSH en-

anced its measures against COVID-19. These included personal

rotective equipment (PPE) upgrade for staff, rostered routine test-

ng (RRT) for staff and inpatients, contact tracing and quarantine of

xposed contacts – all of which effectively prevented further noso-

omial transmission in the hospital. 2 

On October 11, 2021, the national strategy pivoted from contain-

ent to controlled mitigation of COVID-19. Hospital protocols for

anagement of COVID-19 exposures consequently shifted to align

ith national policies. Unlike the prior protocol, exposed staff con-

acts were no longer subjected to 14-day quarantines. Instead, they

ere placed on enhanced surveillance and issued health risk warn-

ngs which required a negative antigen rapid test (ART) daily for

even days prior to coming to work. 3 Inpatient close contacts of

OVID-19 cases were also closely monitored by undergoing daily

olymerase chain reaction (PCR) testing for seven days. However,

he gradual shift towards living with COVID-19 and relaxing of

easures was expected to inevitably bring about a surge in com-

unity cases, especially with the arrival of new variants. 

The Omicron (B.1.1.529) variant, which has a higher transmis-

ion rate and shorter incubation period than previous strains, was

rst discovered in Botswana in November 2021 and soon after was

amed a variant of concern by the World Health Organization. 4 , 5 

tudies have estimated Omicron to have an infectivity rate that is

en-fold higher than that of the wild type and approximately twice

s high as that of the Delta variant. 6 Omicron quickly became the

ominant strain after it first emerged in Singapore in early Decem-

er 2021. The high infectivity rate of Omicron, coupled with the

iscontinuation of containment measures, led to a jump in com-

unity cases – reaching a record high of more than 25,0 0 0 cases

 day at its peak in February 2022. 7 

Despite the revised hospital changes catering to a controlled

itigation approach, numerous safe management measures were

till kept in place to prevent nosocomial transmission and hos-

ital clusters. For instance, staff and inpatients continued to un- 

ergo RRT, and previously established enhanced sickness surveil-

ance systems remained in place to screen staff with acute respira-

ory illness (ARI) symptoms. 8 , 9 Furthermore, staff continued to don

nhanced PPE, maintain 1-meter safe distancing, have meals alone,

nd suspend social gatherings at work. Hence, staff infected with

ARS-CoV-2 were more likely to have acquired the infection in the
Accepted 5 July 2022 
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or the emergence of new SARS-CoV-2 variants 
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Fig 1. Weekly SARS-Cov-2 PCR test positivity rate among patients who attended at the emergency department with ARI symptoms, number of COVID-19 cases in the 

community, and numbers of staff ARI episodes with a positive and negative SARS-CoV-2 antigen rapid or PCR test, from October 10, 2021 through March 19, 2022. 
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community than in the hospital. Therefore, we posit that HCWs

might serve as good sentinels for emerging COVID-19 trends in the

community, as picked up by our comprehensive surveillance sys-

tems. 

We present weekly data on the SARS-CoV-2 PCR test positiv-

ity rate in patients attending at the hospital’s emergency depart-

ment (ED) for ARI, number of staff ARI episodes and SARS-CoV-

2 antigen/PCR test positive rate, and national reported COVID-19

cases from October 10, 2021 to March 19, 2022 (i.e., epidemiolog-

ical week (e-week) 41, 2021 to e-week 11, 2022) ( Fig. 1 ). After the

change in strategy from containment to controlled mitigation on

e-week 41, the SARS-CoV-2 test positivity rate among ED ARI pa-

tients rose slightly in e-week 42, 2021. Notably, the uptick was ob-

served a week before the increase in national COVID-19 cases re-

ported by Singapore’s Ministry of Health. Subsequently, SARS-CoV-

2 test positivity rate in ED patients decreased steadily till the end

of the year. During the trough weeks (e-week 50, 2021 to e-week

1, 2022), the mean (standard deviation) of SARS-CoV-2 test pos-

itivity rate among ED ARI patients, proportion of staff ARI with

positive antigen/PCR test, and national reported COVID-19 cases

were 1.8% (0.4%), 4.7% (2.4%), and 1862 (648.6) respectively. On e-

week 2, 2022, there was a jump in SARS-CoV-2 test positivity rate

among ED ARI patients and symptomatic staff to 4.9% and 17% re-

spectively, beyond two standard deviations above the mean weekly

rates of the trough weeks. The national reported COVID-19 cases

also surged to 5260 that week, indicating the emergence of the

Omicron variant. The following weeks showed continued uptrend-

ing of COVID-19 in ED patients, staff, and the community, as Omi-

cron swept through Singapore. As the national reported COVID-19

cases crested on e-week 8, 2022, the SARS-CoV-2 test positivity

rate among ED patients and staff also peaked. Following which, a

decline was observed. 

Throughout the study period, safe management measures such

as bi-weekly RRT, enhanced PPE, having meals alone, and sus-

pension of social activities remained in place, which enabled the

surveillance of staff ARI incidence and SARS-CoV-2 positivity to

serve as good sentinel surveillance of COVID-19 in the community.
urthermore, surveillance on the SARS-Cov-2 test positivity rate of

D ARI patients provided a one-week lead time in detecting the

ational uptick of COVID-19 cases after the discontinuation of con-

ainment strategies in October 2021. All ARI patients attending at

he ED were screened with the PCR test, which is 30–40% more

ensitive than the ART more frequently adopted in the commu-

ity. 10 With the emergence of the Omicron variant, whose infec-

ions have higher viral loads occurring earlier in the course of ill-

ess, and a shorter incubation period, surveillance of SARS-CoV-2

est positivity in ED patients did not provide a time advantage, but

howed an increase at the same time as national reported COVID-

9 cases. 

In conclusion, we have demonstrated that staff and patients un-

ergoing surveillance in an acute hospital can serve as good sen-

inels for the national surveillance of COVID-19. With the relent-

ess waves of new variants of SARS-CoV-2, such surveillance sys-

ems can serve as good and sensitive complements to the national

eporting system. 
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ear Editor, 

Lawrence et al. recently described the state of the infection

orkforce in the United Kingdom. 1 The authors reported a dis-

arity in specialist infection expertise across the country, and high

onsultant vacancy rates. Together with increasing pressures from

he threat of emerging infections, rising antimicrobial resistance

nd more complex clinical care for patients, there is a need to

trengthen infection services across the country. 1 , 2 Attracting spe-

ialist trainee applicants is a key element in this endeavour, but it

s important that recruitment decisions and processes are fair and

nclusive. 

Equitable opportunities for employment regardless of personal

dentity and characteristics are a necessity. For medicine, it is

rucial that the workforce reflects the diversity of the society it

erves. Infectious diseases disproportionately affect Minority Eth-

ic groups and having a diverse workforce serves to better un-

erstand patient needs. Furthermore, workplaces that are diverse

nd inclusive result in a more productive, innovative, and engaged

orkforce. 3 Infection specialities are well placed to lead on equal-

ty and diversity. Prospects of remote working, a varied training

e.g. laboratory and ward-based), participation in global health ini-

iatives, and academic career opportunities, amongst other fac-

ors, mean infection specialities have the potential to attract a di-

erse pool of applicants. Monitoring recruitment data is crucial

n identifying whether there are significant disparities in recruit-

ent decisions between demographic groups but not routinely

one. Where disparities are identified, these should be investigated

nd action taken where necessary. We shed light on these impor-

ant considerations for the 2021 infection speciality recruitment

ycle. 
7. Ministry of Health, Singapore. MOH | COVID-19 Statistics [Internet].
www.moh.gov.sg. 2022. Available from: https://www.moh.gov.sg/covid-19/ 
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2022; 122 :27–34 Apr 1. doi: 10.1016/j.jhin.2021.12.011 . 
9. Htun H.L., Lim D.W., Kyaw W.M., Loh W.-.N.J., Lee L.T., Ang B., et al. Responding

to the COVID-19 outbreak in Singapore: staff protection and staff temperature

and sickness surveillance systems. Clin Infect Dis 2020 Apr 21. doi: 10.1093/cid/
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quity in recruitment to Combined Infection Training, 

021: Diversity & Inclusion considerations 
Data on the gender, ethnicity, disability status, and country of

ualification of applicants to Combined Infection Training (CIT) for

he 2021 recruitment cycle was made available through a Free-

om of Information request to Health Education England (HEE).

EE follows the Information Commissioner’s Office code of practice

elating to data anonymisation; release of small numbers ( < 5 in

 geographical area/demographic) has therefore been suppressed.

nalysis was performed in Excel 2016 and R version 4.02. Fig-

res were generated in R version 4.02. Pairwise comparisons of

uccessful recruitment between categories were evaluated using

hi-squared tests. To compare success of applications by ethnic-

ty, and maximally utilise data, minority groups with fewer than

ve successful applicants were grouped. We used a multivariate

ogistical regression model to compare the odds ratio of success-

ul application between White-British and other Minority Ethnic

roups. 

We found 121/255 (47.5%) of applicants to CIT were female in

021. 6/255 (2.4%) individuals preferred not to state their gen-

er. There was no significant difference seen between the success

ates of male (30/128, 23.4%) and female (36/121, 29.8%) applicants

 χ2(1) = 0.97, p = 0.32) ( Fig. 1 ). Less than 5 applicants reported a

isability and no disabled applicants were successful in their appli-

ation. Applications for CIT by Ethnicity are shown in Fig. 2 a. There

as a significant difference seen between the success rates of

hite-British applicants (28/59, 47.5%) compared to other Minority

thnic group applicants (38/196, 19.4%) ( χ2(1) = 17.2, p = < 0.001).

e found all Minority Ethnic groups had a significantly lower odds

atio of successful application to CIT when compared to the White-

ritish group other than ‘Any Other Asian Background’ ( Fig. 2 b). 

To further evaluate the underlying reasons for the discrepancy

hown in applicant success by ethnicity, we examined the impact

f applicants’ country of qualification (UK vs Non-UK graduate).

56/255 (61.2%) of applicants to CIT were Non-UK medical grad-

ates in 2021 ( Fig. 2 c). There was a significant difference seen be-

ween the success rates of Non-UK graduates (19/156, 12.2%) com-

ared to UK graduates (47/99, 47.5%) ( χ2(1) = 37.5, p = < 0.001). Due

o a lack of individual-level data it is difficult to assess the im-

act of country of qualification on the low success rate by Minority

thnic groups. However, if we assume all White-British applicants

re UK graduates (see Supplementary Methods ), there is no differ-

nce observed in success by White-British applicants (28/59, 47.5%)

ompared to Minority Ethnic groups (19/40, 47.5%) amongst the UK

raduate cohort ( χ2(1) = 0, p = 1). 

We provide the most complete assessment of diversity data re-

ating to specialist trainee recruitment to infection specialities to

ur knowledge, which should serve as a framework for other medi-

al and surgical specialities to adopt. Reassuringly, we demonstrate

pplications and success rates for CIT in 2021 were gender bal-

nced. However, we note a category allowing individuals to self-

escribe their gender identity (e.g. non-binary) is not available; we

ncourage this to be included in future data monitoring exercises

s a step towards inclusivity. The data suggests that White-British

pplicants are disproportionately successful in the CIT recruitment

rocess compared to all other ethnicities and a significant explana-

ory factor for this may be a high rejection rate amongst Non-UK

ualified applicants. We propose stakeholders investigate underly-

ng reasons for lower success rates amongst Non-UK graduates and

onsider how this may be addressed including mitigating for pos-

ible unconscious bias. Approximately 20% of the working popula-

ion has a disability in the UK, while 1.5% of the UK medical work-

orce report a disability – thought to significantly under-estimate

rue figures. 4 , 5 Effort s should be t aken to encourage applications

o CIT by disabled applicants; as previously suggested by the GMC,

hese doctors are uniquely placed to relate to their patients and

re an invaluable source of experience. 6 The hospital working en-

ironment should be accessible to all and the possibility of work-

https://www.moh.gov.sg/covid-19/statistics
https://doi.org/10.1016/j.jhin.2021.12.011
https://doi.org/10.1093/cid/ciaa468
https://doi.org/10.1002/14651858.cd013705.pub2
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Fig. 1. Applications and outcomes for Combined Infection Training in the 2021 recruitment year by Gender. Bar chart demonstrating applications and outcomes of trainees 

to Combined Infection Training by Gender. There was no significant difference in successful applications by Gender ( χ2(1) = 0.97, p = 0.32). 
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ing less than full-time and working from home should make in-

fection specialities an attractive prospect for doctors living with

disabilities. 

This analysis is representative of one year of recruitment; on-

going systematic data monitoring is necessary to evaluate trends

in applications and successful recruitment by demographic charac-

teristics over time. Future work should also include examination of

disparities in the demographic make-up between applicants to CIT

and all other specialities. We report an analysis of recruitment to

CIT which is only one aspect of assessing the diversity and inclu-

siveness of a profession; disparities in pay by gender and race, for

example, are well-documented at a national level within the NHS. 7 

We encourage the assessment of pay gaps, progression and reten-

tion of the workforce by Gender, Ethnicity, and other protected

characteristics within infection specialities. In conclusion, collect-

ing and analysing this data is the first step towards shining a light

on fair recruitment processes within infection specialities, however

significant work remains to address the issues highlighted and im-

plementation of wider data monitoring exercises to shift the dial

towards a truly inclusive speciality. 
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Fig. 2. Applications and outcomes for Combined Infection Training in the 2021 recruitment year by ethnicity. ( a) Applications to Combined Infection Training by ethnicity. 

( b) Multivariate logistic regression model comparing success of application to Combined Infection Training by minority ethnic groups to the White British demographic. 

Minority Ethnic groups including fewer than 5 successful applicants include Chinese, Any other Black background, Mixed White and Asian, Mixed White and Black African, 

Any other Mixed background, Any other White background, Not stated, Any other ethnic background, Asian or Asian British – Bangladeshi, White – Irish, Mixed White and 

Black Caribbean, and Black or Black British – Caribbean. ( c) Applications and outcomes by country of qualification (UK vs Non-UK). 
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Dear Editor, 

In this journal Heskin et al. recently presented the cases of

two men who have sex with men (MSM) who acquired monkey-

pox (MPX) infection suggesting that sexual intercourse is becoming

the predominant transmission route of the new MPX outbreak [1] .

Multiple cases of MPX infection have also been reported in Italy,

predominantly among MSM [ 2 ]. Co-infection with other sexually

transmitted infections (STIs) has also been documented, corrobo-

rating the hypothesis of sexual transmission [ 2 ]. 

We present the case of a 42-years-old MSM who was receiving

HIV pre-exposure prophylaxis (PrEP) since 2017 at the Infectious

Diseases Department of San Raffaele Hospital, Milan, Italy. He was

diagnosed with MPX infection in June 2022, together with a pan-

resistant Campylobacter spp infection and an Entamoeba histolytica

and Chlamydia trachomatis proctitis re-infection. 

Over the last 2 years, he has been diagnosed with multiple

STIs and sexually transmitted enteric infections (STEI), including

chlamydia and Entamoeba histolytica ( Table 1 ). 
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Monkeypox and pan-resistant Campylobacter spp infection 

in Entamoeba histolytica and Chlamydia trachomatis 

re-infection in a man who have sex with men 
Table 1 

Previous STIs over 5 years of follow-up. 

Year STIs / STEIs 

Month 0 Chlamydia proctitis 

Month 2 Chlamydia pharyngitis 

Month 13 Gonorrhea proctitis 

Month 19 Gonorrhea urethritis 

Month 24 Chlamydia proctitis 

Month 28 Entamoeba histolytica 

Month 29 Chlamydia proctitis 

Month 35 Gonorrhea proctitis 

Month 36 Giardiasis 

Month 37 Genital Herpes Simplex 

Month 41 Gonorrhea proctitis 

Month 44 Chlamydia proctitis 

Abbreviations: STI: sexually transmitted infection; STEI: 

sexually transmitted enteric infection 

d  
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No travel history to MPX endemic areas or previous smallpox

accination was reported. 

He went to Gran Canaria, Spain 30 days before symptoms onset,

here a huge MPX outbreak is thought to have occurred [ 3 ]. He

eported engaging in multiple condomless receptive and insertive

ntercourse with > 20 partners in the month preceding symptoms

nset. Moreover, a non-sexual close contact with a confirmed MPX

ase occurred 5 days prior to symptoms onset, although the indi-

idual had a negative oropharyngeal swab for MPX and only rectal

esions, in the absence of cutaneous involvement, suggesting that

he infection was not acquired by the contact with the confirmed

PX case. Furthermore, we believe that MPX infection was locally

cquired in Italy, given the long delay in symptoms onset following

eturn from Gran Canaria, although we cannot exclude a prolonged

ncubation period [ 4 ]. 

He presented to our clinic complaining diarrhea, tenesmus and

wo single atypical small (2 × 2 mm) non-vesicular erythema-

ous cutaneous and perianal lesions, which were non-tender. No

ther systemic symptoms or cutaneous involvement were docu-

ented. Upon high-resolution anoscopy examination several rec-

al ulcers were documented, suggesting that this was the primary

nfection site ( Fig. 1 ). Real-time PCR (RealStar® Orthopoxvirus PCR

it 1.0 – altona DIAGNOTICS) targeting variola virus and non-variola

rthopoxvirus species ( cowpox, monkeypox, raccoonpox, camelpox,

accinia virus ) showed the presence of non-variola DNA on serum,

ectal and cutaneous swabs (cycle thresholds: 37, 35 and 27, re-

pectively). A specific Real-Time PCR targeting Monkeypox virus

NA (Liferiver - SHANGHAI ZJ BIO-TECH CO., LTD) subsequently

onfirmed the MPX virus infection. Plasma, urines, seminal fluid

nd an oropharyngeal swab tested negative for MPX. A full STIs

nd STEIs screening was performed to rule out differential di-

gnoses: this revealed concurrent Chlamydia trachomatis procti-

is, 1st line therapy pan-resistant Campylobacter spp (azithromycin,

iprofloxacin, clarithromycin and doxycycline resistant) and Enta-

oeba histolytica infection. Abdominal ultrasound ruled out hepatic

nvolvement. Entamoeba histolytica re - infection was treated with

inidazole, Chlamydia trachomatis proctitis with doxycycline and

tool cultures were repeated, documenting spontaneous clearance

f Campylobacter spp infection, with resolution of diarrhea in 7

ays. Lastly, serum, plasma, seminal fluid, urines and cutaneous,

ropharyngeal and rectal swabs were collected after 10 days from

PX diagnosis, without further evidence of presence of non-variola

rthopoxvirus DNA. 

We observed the case of MPX diagnosis in an MSM with con-

urrent STI and STEIs diagnoses. 

This case corroborates the idea that sexual intercourse could

e the predominant way of transmission of MPX. Firstly, the in-

ividuals reported multiple condomless intercourse with different

artners and a broad clinical history of previous STIs. Moreover,

PX involvement was mostly at the rectal site, as documented by

noscopy, without systemic symptoms. Presence of a concurrent

TI which might explain the observed lesions or symptoms should

ot rule out MPX infection among suspected cases, given the risk

f co-infection. Anoscopy examination might be helpful in reveal-

ng unnoticed lesion among individuals reporting receptive inter-

ourse. We believe that physicians should be aware of MPX among

ndividuals with a previous history of STIs, who report high-risk

exual behaviors. Moreover, given a MPX diagnosis we suggest per-

orming among all individuals a full STI screening, considering also

TEIs if diarrhea is present. We detected a Campylobacter spp infec-

ions which was resistant to all 1st line therapies, which highlights

ow antimicrobial resistance is a major concern referring to both

TIs and STEIs. 
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Fig. 1. Monkeypox rectal ulcers upon high-resolution anoscopy. 
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Dear Editor, 

We read with great interest the article in this journal by Tang

et al. regarding an impaired immunologic response in solid or-

gan transplant patients after COVID-19 mRNA vaccination. 1 Organ

transplant patients are vulnerable to COVID-19 infection, progres-

sion to severe disease, and mortality given their need for immuno-

suppressive therapy to prevent transplant rejection. As such, a

significantly lower seroconversion rate following vaccination com-

pared to healthy controls prompts the need for effective treatment

modalities in this high-risk patient population. 1 

Organ transplant patients have a markedly low seroconversion

rate after 2 doses of COVID-19 mRNA vaccine compared with

healthy controls. 1 Although COVID-19 vaccines have been effective

in mounting an immune response in immunocompetent patients,

a more effective alternative is needed for organ transplant recip-

ients. Monoclonal antibodies (mAbs) have been highly studied in

the literature as immunotherapy that target specific SARS-CoV-2

domains. As a therapeutic option that does not rely on the body’s

own immune response, mAbs have value in immunosuppressed

patients and considerable potential as a treatment modality for

organ transplant patients with COVID-19. 2 , 3 

To the best of our knowledge, there exists no meta-analysis de-

scribing the effect of mAbs on organ transplant recipients with

COVID-19. We perform this meta-analysis to evaluate the associa-

tion between monoclonal antibody therapy and outcomes of organ

transplant patient following COVID-19 infection. 

An exhaustive electronic search was conducted using PubMed,

Embase, Cochrane Library databases, Web of Science, Scopus and

medRxiv from December 1st 2019 to May 20th, 2022 without

any restrictions on language. The search was performed using

the following keywords: “2019-nCoV”, “coronavirus disease 2019 ′′ ,
“COVID-19 ′′ , “SARS-CoV-2 ′′ , “novel coronavirus”, “transplant re-

cipients”, “transplantation”, “organ-transplant recipients”, “mon-

oclonal antibody”, “neutralizing antibody”, “casirivimab”, “imde-

vimab”, “sotrovimab”, “bamlanivimab”, “LY-Cov555”. The inclusion

criteria were as follows: (1) organ transplant recipients with

COVID-19; (2) reports containing original data with available risk

estimates and/or with data on the number of clinical outcomes in

mAbs and control groups; (3) comparative studies with a control

group with no mAbs. The following studies were excluded (1) con-

ference abstracts, editorials, reviews, and case reports; (2) dupli-

cated publications. 

Data analysis was conducted using Review Manager, version 5.2

(Cochrane Collaboration, Oxford). Odds ratio (OR) and 95% con-

fidence interval (CI) were calculated. Heterogeneity was assessed

with Cochrane’s Q-test and quantified with I 2 values. A P value

of < 0.05 was considered statistically significant. This meta-analysis

is registered with PROSPERO (International Prospective Register of

Systematic Reviews, number CRD42022337101). 

A total of 8 studies 2–9 were identified. All studies were ret-

rospective in design. This meta-analysis included 313 patients in

the mAbs group and 617 patients in the control group. Demo-

graphics and disease characteristics of the 930 patients included

in the pooled analysis are summarized in Table 1 . The eight stud-

ies were published between 2021 and 2022 with different sam-

ple patient sizes that ranged from 40 to 235 patients with COVID-

19. Four studies were from USA, three from France and one from

Japan. Patients received bamlanivimab or casirivimab-imdevimab

or bamlanivimab-etesevimab or sotrovimab. Progression to severe

COVID-19 disease included ICU admission and the need for high

oxygen support. 
Monoclonal antibody therapy improves severity and 

mortality of COVID-19 in organ transplant recipients: A 

meta-analysis 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2022.06.027&domain=pdf
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Fig. 1. (A) Association between mAbs treatment and mortality (B) Association between mAbs treatment and developing severe COVID-19. 
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The meta-analysis indicated that the mAbs group had lower

ortality compared with the control group (OR = 0.16, 95%CI: 0.06

o 0.45, P = 0.0 0 05; I 2 = 0%) ( Fig. 1 A). Moreover, mAbs treatment

as associated with a reduced risk of developing severe COVID-19

isease as compared to the control group (OR = 0.19, 95%CI: 0.08 to

.42, P < 0.0 0 01; I 2 = 0%) ( Fig. 1 B). 

In this study, we find that mAb therapy in organ transplant re-

ipients with COVID-19 is associated with a significant improve-

ent in disease severity as well as overall mortality. 

The reduced morbidity and mortality of organ transplant recip-

ents with COVID-19 following mAb treatment is likely related to a

ecreased progression to severe disease. Neutralizing mAbs target

pecific domains of the SARS-CoV-2 spike protein, inhibiting viral

nternalization and reducing viral load and virulence. 10 With or-

an transplant patients having increased baseline risks for disease

everity and mortality given pre-existing comorbidities and anti-

ejection immunosuppressive therapy, mAbs serve as a protective

actor through a lower propensity to progress to severe disease.

his reduces the need to discontinue anti-rejection immunosup-

ressive therapy in patients admitted for severe disease thus re-

ucing risk of transplant rejection. Increased transplant organ sur-

ival rates further benefit health, social, and financial factors. 

While mAbs have considerable potential as a novel therapeutic

ption, SARS-CoV-2 continues to mutate as increasing variants of

oncern emerge. Recent studies have shown that newer COVID-19

ariants may have developed resistance against neutralizing mAbs
eveloped specifically against SARS-CoV-2 thus decreasing treat-

ent efficacy. 10 As such, there is considerable value in having on-

oing research and development of mAbs which target the domi-

ant variant strains of COVID-19 in order to keep up with global

pidemiological needs. 

There are several limitations to our study that should be noted.

here was a small sample size of eight included articles for use in

he meta-analysis. In addition, all included articles were retrospec-

ive in study design, leaving the results vulnerable to selection bias

nd confounding bias. Furthermore, each study looked at a differ-

nt number and combination of mAbs without providing individ-

al therapeutic data and as such subgroup analysis restricted to

ny single mAb was not able to be conducted. Despite these limi-

ations, our study is the first meta-analysis to explore the effect of

Ab therapy on organ transplant recipients with COVID-19. 

Further research is needed to investigate the impact of mAbs

s treatment for organ transplant patients with COVID-19 to pro-

ide additional insight into the efficacy of individual mAbs as well

s combination therapy on morbidity and mortality. Future studies

hould aim to provide a large sample size through study designs

hat are prospective and more robust. 

In conclusion, treatment with mAbs in organ transplant pa-

ients with COVID-19 is associated with a significant improvement

n both severity and mortality. Additional exploration is needed to
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evaluate the impact of individual mAbs and validate these findings

in prospective studies. 
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ear Editor, 

in the article “First and second COVID-19 waves in Japan: A

omparison of disease severity and characteristics”, Saito et al. [1]

resented a study on severity and characteristics of the first and

econd waves in Japan. Several countries have faced a two to three-

ave pattern of COVID-19 during 2020–2021, previous reports sug-

esting that the subsequent waves of COVID-19 differ from the

rst one by the characteristics of both the virus [2] and the pa-

ients affected [ 1 , 3–5 ]. In order to compare the changes over time

f COVID-19 patients and clinical outcomes in Italy, we assessed

hether 28-day Intensive Care Unit admission (ICU) or mortality

n a cohort of COVID-19 symptomatic hospitalised patients were

hanged over time, considering the roles of patients’ characteris-

ics and severity of COVID-19 at hospital admission. 

We analysed a prospective cohort of all symptomatic patients

ho were consecutively diagnosed with COVID-19 in the Città

ella Salute e della Scienza (CSS) – Molinette Hospital of Turin,

rom March 2020 to June 2021. The CSS Molinette is a large teach-

ng hospital of about 10 0 0 available beds for general inpatients.

atients data were collected using a standardized data collection

orm by a team of data managers and registered in the web EPI-

LIN platform. 

According to the weekly frequency of Covid-19 admissions, two

ifferent waves were defined: a first wave from March to Septem-

er 2020, and a second wave from October 2020 to June 2021

supplementary figure 1). The primary outcome was 28-day inten-

ive care unit (ICU) admission or mortality, and the secondary out-

ome was 28-day mortality only. 

In the first wave period 311 symptomatic patients were admit-

ed to the emergency department and hospitalized at the CSS Mo-

inette hospital and 1270 in the second one (supplementary fig-

re 2). Overall, the distribution of gender, hypertension and Charl-

on’s comorbidity index was similar in the two waves ( Table 1 ).

uring the first wave, there was a higher prevalence of patients

ith 85 + years and more severe COVID-19 disease. Median length

f hospital stay was 2 days shorter in the first wave (10 days

s 12, p < 0.01) for all patients (13.5 days vs 12 days, p-value:

.259, for patients discharged alive only). In the first wave ICU ad-

ission/death occurred in 107/311 (34.41%) patients and death in

1/311 patients (29.26%), whereas in the second wave the same

gures were 301/1270 (23.70%) and 254/1279 (20.00%). Estimates

or effects of waves and patients’ characteristics on outcomes are

eported in Table 2 . Considering the combined outcome (28-days

CU admission/death) there was a risk reduction in the second

ave with respect to the first wave (OR = 0.69, 95%CI 0.50–0.95). In

he adjusted model, older age, male gender, higher Charlson’s in-

ex, NEWS2 score, WBC and creatinine levels were associated with
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Table 1 

Demographic and clinical characteristics at ED admission of symptomatic patients hospitalized for COVID19 at “Città della Salute e della Scienza di Torino 

hospital” by wave (March 2020–June2021). 

Total ( N = 1581) First wave (March 

2020-Sept 2020) 

( N = 311) 

Second wave (Oct 

2020-June 2021) 

( N = 1270) 

P-value a 

Age: median (IQR) 72 (60–81) 73 (57–82) 72 (60–80) 0.832 

Age group: N (%) 

0–59 391 (24.73) 90 (28.94) 301 (23.70) 

0.002 60–75 577 (36.50) 91 (29.26) 486 (38.27) 

76–85 410 (25.93) 76 (24.44) 334 (26.30) 

≥86 203 (12.84) 54 (17.36) 149 (11.73) 

Gender: N (%) 

Male 983 (62.18) 188 (60.45) 795 (62.60) 0.484 

Female 598 (37.82) 123 (39.55) 475 (37.40) 

Body mass index (BMI): N (%) 

Underweight/Normal weight 1277 (80.77) 263 (84.57) 1014 (79.84) 0.058 

Overweight/Obese 304 (19.23) 48 (15.43) 256 (20.16) 

Hypertension: N (%) 

No 760 (48.07) 142 (45.66) 618 (48.66) 0.392 

Yes 821 (51.93) 169 (54.34) 652 (51.34) 

Charlson comorbidity index: N (%) 

0 676 (42.76) 129 (41.48) 547 (43.07) 

0.499 1 342 (21.63) 70 (22.51) 272 (21.63) 

2 233 (14.74) 39 (12.54) 194 (15.28) 

3 134 (8.48) 27 (8.68) 107 (8.43) 

4 + 196 (12.40) 46 (14.79) 150 (11.81) 

Creatinine (mg/dL): N (%) 

≤1.30 1169 (73.94) 223 (71.70) 946 (74.49) 0.314 

> 1.30 412 (26.06) 88 (28.30) 324 (25.51) 

National Early Warning Score 2 risk: N (%) 

Low 835 (52.81) 152 (48.55) 684 (53.86) 

0.008 Low-medium 202 (12.78) 31 (9.97) 171 (13.46) 

Medium 268 (16.85) 51 (16.40) 217 (17.09) 

High 276 (17.46) 78 (25.08) 198 (15.59) 

White blood cell count (WBC): N (%) 

< 10 1229 (77.74) 232 (74.60) 997 (78.50) 0.346 

≥10 352 (22.26) 79 (25.40) 273 (21.50) 

C-reactive protein (CRP) (mg/L): N (%) 

< 5.0 167 (10.56) 24 (7.72) 143 (11.26) 0.069 

≥5.0 1414 (89.44) 287 (92.28) 1127 (88.74) 

Length of hospital stay: median (IQR) 12 (8–21) 10 (6–21) 12 (8–21) 0.003 

a chi-square test for discrete variables, Kruskal-Wallis test for continuous variables. 

Table 2 

Unadjusted and Adjusted effects on 28-days ICU admission or death and on 28-days mortality in symptomatic patients admitted for COVID19 at “Città della 

Salute e della Scienza di Torino hospital”. 

Outcome 28-days ICU admission or death 28-days mortality 

Unadjusted OR 

(95% CI) 

Adjusted model OR 

(95% CI) 

Unadjusted 

OR (95% CI) 

Adjusted model OR 

(95% CI) 

Period 

First (March 2020-Sept 2020) 1 1 1 1 

Second (Oct 2020-June 2021) 0.59 (0.45–0.78) 0.69 (0.50–0.95) 0.60 

(0.45–0.79) 

0.76 (0.53–1.08) 

Period (unit: month) 0.96 (0.94–0.98) 0.95 

(0.93–0.98) 

Age group 

0–59 1 1 1 1 

60–75 2.34 (1.60–3.41) 2.17 (1.43–3.29) 3.29 

(1.99–5.45) 

2.87 (1.68–4.93) 

76–85 4.62 (3.15–6.77) 3.73 (2.42–5.76) 9.51 (5.80–

15.60) 

7.50 (4.37–12.86) 

≥86 8.12 (5.31–12.42) 6.12 (3.71–10.10) 17.66 

(10.42–

29.92) 

13.26 (7.28–24.13) 

Gender 

Male 1 1 1 1 

Female 0.76 (0.60–0.96) 0.59 (0.44–0.78) 0.81 

(0.63–1.04) 

0.58 (0.42–0.80) 

Body mass index (BMI) (N,%) 

( continued on next page ) 
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Table 2 ( continued ) 

Outcome 28-days ICU admission or death 28-days mortality 

Unadjusted OR 

(95% CI) 

Adjusted model OR 

(95% CI) 

Unadjusted 

OR (95% CI) 

Adjusted model OR 

(95% CI) 

Underweight/Normal weight 1 1 1 1 

Overweight/Obese 0.85 (0.63–1.14) 1.07 (0.75–1.51) 0.73 

(0.53–1.01) 

1.01 (0.68–1.50) 

Hypertension 

No 1 1 1 1 

Yes 1.46 (1.16–1.83) 0.99 (0.75–1.31) 1.52 

(1.19–1.94) 

0.93 (0.69–1.26) 

Charlson comorbidity index 

0 1 1 1 1 

1 1.84 (1.35–2.50) 1.35 (0.95–1.94) 2.39 

(1.70–3.35) 

1.66 (1.11–2.46) 

2 1.81 (1.28–2.57) 1.38 (0.93–2.06) 2.41 

(1.65–3.53) 

1.73 (1.12–2.68) 

3 2.34 (1.55–3.53) 1.44 (0.90–2.31) 3.06 

(1.97–4.75) 

1.78 (1.07–2.97) 

4 + 3.89 (2.76–5.50) 2.36 (1.58–3.53) 5.82 

(4.04–8.40) 

3.48 (2.26–5.35) 

Creatinine (mg/dL) 

≤1.30 1 1 1 1 

> 1.30 3.62 (2.84–4.62) 1.84 (1.37–2.46) 4.49 

(3.48–5.79) 

2.12 (1.56–2.88) 

National Early Warning Score 2 risk 

Low 1 1 1 1 

Low-medium 1.91 (1.31–2.79) 1.62 (1.09–2.42) 1.63 

(1.08–2.46) 

1.33 (0.85–2.09) 

Medium 2.85 (2.06–3.94) 2.79 (1.97–3.96) 2.52 

(1.79–3.55) 

2.51 (1.70–3.70) 

High 8.22 (6.04–11.18) 6.40 (4.52–9.06) 7.27 

(5.31–9.95) 

5.70 (3.91–8.29) 

White blood cell count (WBC) (N,%) 

< 10 1 1 1 1 

≥10 2.49 (1.93–3.20) 1.50 (1.11–2.03) 2.44 

(1.87–3.17) 

1.40 (1.01–1.94) 

C-reactive protein (CRP) (mg/L) 

< 5.0 1 1 1 1 

≥5.0 1.30(0.88–1.91) 0.91 (0.59–1.42) 1.37 

(0.90–2.08) 

0.97 (0.60–1.59) 
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higher 28-day mortality. Considering 28-day mortality, the associ-

ations between variables and outcomes were similar to the main

analysis, but the reduction of risk of death in the second wave was

less evident (OR = 0.76, 95%CI 0.53–1.08). 

In the present study, a reduction of 28-day ICU admission or

death in patients with symptomatic COVID-19 of an Italy Hospital

was showed (from 29.3% in the period to March-September 2020

to 20.0% in the period October 2020-June 2021). Patients admitted

to the ED of our hospital in the first period were older, reflecting

also the frequent outbreaks in nursing-home residents. In Italy ac-

cess for visitors of nursing-homes was forbidden in April 2020 and

isolation protocols for staff and patients were implemented. Fur-

thermore, patients in the first period were more hypertensive, had

a higher co-morbidity burden and presented at the ED with more

severe symptoms and a worse inflammatory profile. However, ad-

justment for all these factors did not explain the period effect on

mortality. 

Consistently with Saito’s Japanese cohort, the severity of Ital-

ian patients at ED presentation (measured with NEWS 2 score and

two markers related to mortality [6] ) was reduced in the second

wave. Furthermore, as expected, higher level and lower levels of

WBC counts, higher levels of CRP and more severe clinical condi-

tions (NEWS2 score > = 7) were associated with higher mortality

in COVID-19 patients. Low severity at admission has been associ-

ated to a reduction of death risk in the second wave coherently

with other previous studies [ 1 , 4 ]. Anyway, in our experience also

patients with very severe presentation at the ED had an improved

prognosis in the second wave, probably due to better organization
nd experience gained along the whole care pathway of more crit-

cal patients. 

The excess mortality observed in the first period of pandemics

ould be due, at least in part, to distinct factors not related to

he characteristics of the patients. I) Knowledge about the clini-

al course of the disease and evidence on effective and ineffective

reatments rapidly accumulated during the first pandemic wave. In

he peak of the first phase, emergency rooms, hospitals and in-

ensive care units were challenged by the need of simultaneously

roviding care to a high number of critically ill patients. In the sec-

nd wave, hospitals were better organized to receive COVID-19 pa-

ients with dedicated pathways, wards, beds, respiratory supports

nd protective devices. [7] . II) The treatment approach changed

ver the two periods, i.e., those admitted to hospital in the sec-

nd phase were less likely to receive antivirals and more likely to

e treated with steroids and antithrombotic prophylaxis or ther-

py [8] . Furthermore, in the second wave, a more timely and non-

nvasive ventilation support was employed [9] . The second wave

aptured a predominance of patients affected by the alpha variant

f SARS-COV-2. The alpha variant was described as more conta-

ious than wild type SARS-COV-2 and probably a cause of a more

evere disease [10] . This is in contrast with our findings because,

n the second wave, when a higher prevalence of alpha variant

f SARS-COV-2 was expected, we noticed a lower mortality rate.

owever, it must be noticed that the genomic determination of

ARS-COV-2 subfamilies was not performed routinely in Italy, so

hat we can only speculate on the genomic family of SARS-COV-2

mong infected patients. 
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In conclusion, in a cohort of COVID-19 patients admitted to an

talian hospital a decreased risk of ICU admission or mortality was

ocumented after the first wave that was only marginally atten-

ated by adjustment for patients’ characteristics and severity of

OVID-19 at hospital admission. 
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Dear Editor, 

Lumley et al . recently reported that, at the beginning of the

COVID-19 pandemic, the usual winter 2020/2021 Respiratory Syn-

cytial Virus (RSV) peak did not occur in Oxfordshire, UK, with

an inter-seasonal rise several months later, 1 as described world-

wide. 2-6 We previously described, in our French tertiary hospital,

that the delayed RSV 2020/2021 outbreak involved less adults and

was associated with more hospitalization, higher age of pediatric

inpatients and milder median clinical phenotype than observed

before the COVID-19 pandemic. 2 In France, severe public restric-

tions (national lockdown, curfew) ended in May-June 2021, but

some measures have been maintained (universal masking policy in

adults and children ≥6 years in healthcare settings, schools, public

transportations and most indoor spaces, educational interventions

for prevention of community and healthcare-associated respiratory

infections). Our study aims to evaluate (i) if these measures had

an impact on the hospital burden of RSV in the 2021/2022 sea-

son when compared to the prepandemic outbreaks and (ii) if the

epidemiological changes observed in 2020/2021 were also seen in

2021/2022. 

All subjects admitted to Necker Hospital (Paris, France) between

August 1, 2018 and February 28, 2022, with a diagnosis of RSV

acute lung respiratory infection (ALRI) were included. The ALRIs

was designated as nosocomial when the patient had been hospi-

talized ≥2 days before the onset of symptoms. The medical record

of each inpatient with a positive RSV testing was examined to col-

lect clinical and microbiological data (Supplementary data). 

Overall, 1062 RSV ALRIs were diagnosed during the study pe-

riod, including 1015 community-acquired infections ( Table ). The

2021/2022 outbreak had similar seasonality pattern than the pre-

COVID-19 outbreaks: contrary to 2020/2021 where 93.5% of cases

occurred between January and March, nearly 90% of RSV ALRIs

occurred between mid-October and mid-February in 2018/2020

and in 2021/2022. In pediatric units, the incidence density of

community-acquired RSV ALRIs among inpatients significantly in-

creased between 2018/2020 and 2020/2021 (8.9 versus 12.1/10 0 0

inpatients, p = 0.0 0 01), between 2018/2020 and 2021/2022 (8.9

versus 22/10 0 0 inpatients, p < 0.0 0 01) and between 2020/2021 and

2021/2022 ( p < 0.0 0 01). The proportion of the number of hospital-

ization days due to pediatric inpatients infected with community-

acquired RSV among all subjects admitted during the study period

was stable between 2018/2020 and 2020/2021 but increased be-

tween 2018/2020 and 2021/2022 (1.13/100 versus 2.83/100 hospi-

talization days, p < 0.0 0 01) and between 2020/2021 and 2021/2022

(1.56/100 versus 2.83/100 hospitalization days, p < 0.0001). In

adults units, the incidence density of community-acquired infec-

tions among inpatients was stable over time. After a transient de-

crease in 2020/2021, the proportion of hospitalization days due to

adults infected with community-acquired RSV reached a similar

rate in 2021/2022 than observed before the COVID-19 pandemic

(data not shown). Compared to 2018/2020, the 2021/2022 outbreak

had similar distribution of age categories but involved less subjects

with underlying complex chronic conditions (CCC) (29.4% versus

38.8%, p = 0.008) and/or severe diseases (median length of hos-

pital stay = 6 [4–8] versus 7 [5–9] days ( p = 0.0 0 05), admission

to intensive care unit (ICU) = 32.5% versus 42.2% ( p = 0.008), use

of non-invasive ventilation and/or high-flow nasal oxygen = 23.6%

versus 31.8%, ( p < 0.02)). 

Nosocomial RSV ALRIs were diagnosed in 47 subjects (Supple-

mentary Table). The incidence density of nosocomial RSV ALRIs in-

creased in pediatric units between 2018/2020 and 2021/2022 (0.31

versus 0.84/100 inpatients, p = 0.02) but was stable in adults
No durable impact of COVID-19 measures on the hospital 

burden of respiratory syncytial virus (France, 2018–2022) 

nits between study periods. Compared to community-acquired

SV, nosocomial infections were diagnosed less frequently in in-

ants aged < 6 months (17.0% versus 51.2%, p < 0.0 0 01), but more

requently in adults (21.3% versus 1.5%, p < 0.0 0 01), subjects with

nderlying CCC (87.2% versus 34.9%, p < 0.0 0 01) and subjects requir-

ng ICU admission (87.2% versus 35.4%, p < 0.001). The death rate

whatever the cause of death) was higher in subjects with nosoco-

ial RSV ALRIs than in those admitted with community-acquired

nfections (4.3 versus 0.6%, p = 0.045). 

Despite the maintain of some public health measures in France

nd the repeated educational interventions for prevention of res-

iratory infections in the community, the RSV 2021/2022 outbreak

ccurred with a higher proportion of hospitalization days due to

ommunity-acquired ALRIs compared to what observed during the

re-COVID-19 era. Our study highlights the great fragility of RSV

ontrol in the population and the fact that, except in case of ex-

reme measures such as national lockdown, primary prevention

easures are not sufficient to significantly decrease the hospital

urden of community RSV ALRIs. 

In 2021/2022, the distribution of age categories returned to

imilar values as observed during pre-COVID-19 outbreaks. How-

ver, the proportion of subjects with underlying CCC was signifi-

antly lower in 2021/2022 than in 2018/2020, which could, at less

artly, explain the lower median severity of RSV infections dur-

ng the recent outbreak. Two hypotheses could explain this find-

ng. First, the cohort of RSV-naïve individuals was probably still

arger in 2021/2022 than during the pre-COVID-19 era, leading to a

igher incidence of RSV ALRIs in the general pediatric population

even in children without CCC). Second, individuals with CCC could

e more sensitive to prevention messages about infection control,

iffused repeatedly since the emergence of SARS-CoV-2, compared

o the general population. Further studies are needed during fu-

ure RSV outbreaks in order to evaluate if an impact of hygiene

easures can be seen durably in individuals with CCC. 

Compared to the pre-COVID-19 era, the recent RSV outbreak

as characterized by a higher density incidence of nosocomial AL-

Is in pediatric units. However the percentage of nosocomial infec-

ions among all diagnosed RSV ALRIs remained lower in our cen-

er than in previous pediatric studies (3.7% versus 5–6%). 7 , 8 Thus,

o clear impact of reinforced hygiene measures taken during the

OVID-19 pandemic was seen in our center, in the context of a

re-existing low rate of nosocomial RSV infections due to our mul-

ifaceted infection control strategy. Despite these encouraging find-

ngs, sustained efforts are required to prevent nosocomial RSV in-

ections in adult units. Indeed, the proportion of adults with noso-

omial infections was disproportionately higher than that of adults

dmitted with community-acquired ALRIs. Finally, the higher death

ate observed in subjects with nosocomial ALRIs than in those with

ommunity-acquired infections was in line with studies suggesting

 higher severity of nosocomial RSV infections. 8 , 9 

Because RSV may not have been screened in all patients with

LRI, this study may underestimate the real burden of RSV infec-

ion in our center. This underestimation may be more pronounced

n patients with milder symptoms, where RSV may have been less

requently screened than in case of severe infection. 

To conclude, current public health measures, although intensi-

ed compared to the pre-COVID-19 era, did not mitigate the hos-

ital burden of RSV in 2021/2022. The identification of new pre-

entive strategies targeted to the RSV reservoir in the population

s urgently needed. 

unding 

This study was carried out as part of our routine work . 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2022.06.019&domain=pdf
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Table 

Comparison between characteristics and follow-up of patients admitted at Necker Hospital (Paris, France) with community-acquired RSV-associated ALRI between August 2018 and July 2020 (2018/2019 and 

2019/2020 RSV outbreaks) and those of subjects admitted between August 2020 and April 2021 (2020/2021 RSV outbreak). 

2018/2019 and 2019/2020 outbreaks(“pre-COVID-19 ′′ outbreaks) 2020/2021 outbreak p ∗ 2021–2022 outbreak p §

August 2018 – July 

2019 ( n = 229) 

August 2019 – July 

2020 ( n = 183) Total( n = 412) 

August 2020 – July 

2021( n = 277) 

August 2021 – February 

2022 ( n = 326) 

Rate of patients admitted with RSV ALRIs (/10 0 0 inpatients) 

In pediatric units 9.3 8.5 8.9 12.1 < 0.0 0 01 22 < 0.0 0 01 

In adult units 0.8 0.7 0.8 0.1 0.12 0.7 1 

Rate of total hospitalization days due to subjects with RSV ALRIs 

(/100 days) 

In pediatric units 1.81 1.26 1.55 1.56 0.8 2.83 < 0.0 0 01 

In adults units 0.1 0.14 0.12 0.02 < 0.0 0 01 0.08 0.54 

Male sex (n,%) 107 (46.7) 94 (51.4) 201 (48.8) 145 (52.3) 0.39 178 (54.6) 0.12 

Age (n,%) 

0–5 months 138 (60.3) 95 (51.9) 233 (56.6) 112 (40.4) < 0.0 0 01 175 (53.7) 0.46 

Including children born between 32 and 36 WOG 23 10 33 8 20 

Including children born < 32 WOG 3 1 4 0 1 

6–11 months 27 (11.8) 27 (14.8) 54 (13.1) 68 (24.5) 0.0 0 01 52 (16.0) 0.29 

12–23 months 23 (10.0) 29 (15.8) 52 (12.6) 52 (18.8) 0.03 43 (13.2) 0.83 

2–17 years 35 (15.3) 27 (14.8) 62 (15.0) 44 (15.9) 0.83 53 (16.3) 0.22 

≥ 18 years 6 (2.6) 5 (2.7) 11 (2.7) 1 (0.4) 0.03 3 (0.9) 0.11 

Underlying medical conditions (n,%) 

At least one 94 (41.0) 66 (36.1) 160 (38.8) 98 (35.4) 0.38 96 (29.4) 0.008 

Neuromuscular CCC 13 (5.7) 12 (6.6) 25 (6.1) 15 (5.4) 23 (7.1) 

Cardiovascular CCC 21 (9.2) 19 (10.4) 40 (9.7) 10 (3.6) 9 (2.7) 

Respiratory CCC 48 (21.0) 47 (25.7) 95 (23.1) 63 (22.7) 57 (17.5) 

Renal CCC 7 (3.1) 8 (4.4) 15 (3.6) 1 (0.4) 7 (2.1) 

Gastrointestinal CCC 6 (2.6) 6 (3.3) 12 (2.9) 6 (2.2) 13 (4.0) 

Hematological CCC and/or immune deficiency 18 (7.9) 11 (6.0) 29 (7.0) 19 (6.9) 19 (5.8) 

Metabolic CCC 2 (0.9) 10 (5.5) 12 (2.9) 5 (1.8) 9 (2.8) 

Other congenital or genetic defect 21 (9.2) 15 (8.2) 36 (8.7) 16 (5.8) 23 (7.1) 

Antiviral prophylaxis (n,%) 0.06 0.049 

Palivizumab 6 (2.6) 0 (0.0) 6 (1.5) 0 (0.0) 1 (0.3) 

i.v. or s.c. polyvalent immunoglobulin 3 (1.3) 0 (0.0) 3 (0.7) 1 (0.4) 0 (0.0) 

Bacterial lower respiratory tract co-/super-infection 

Microbiologically proven infection 13 (5.7) 5 (2.7) 18 (4.4) 9 (3.2) 0.55 7 (2.1) 0.11 

Suspected infection 64 (27.9) 78 (42.6) 142 (34.5) 92 (33.2) 0.74 121 (37.1) 0.49 

Clinical follow-up 

LOS (days) (median, IQR) 7 [5–9] 7 [5–10] 7 [5–9] 6 [4–8] 0.0 0 02 6 [4–8] 0.0 0 05 

ICU admission (n,%) 94 (41.0) 80 (43.7) 174 (42.2) 79 (28.5) 0.0 0 03 106 (32.5) 0.008 

Oxygen requirement (n,%) 182 (79.5) 151 (82.5) 333 (80.8) 217 (78.3) 0.44 246 (75.5) 0.09 

Mechanical ventilation requirement (n,%) 8 (3.5) 9 (4.9) 17 (4.1) 8 (2.9) 0.53 10 (3.1) 0.55 

Non-invasive ventilation and/or high-flow nasal oxygen 

requirement (n,%) 

72 (31.4) 59 (32.2) 131 (31.8) 49 (17.7) < 0.0 0 01 77 (23.6) 0.02 

Antibiotic treatment (n,%) 137 (59.8) 95 (51.9) 232 (56.3) 136 (49.1) 0.07 167 (51.2) 0.18 

Death (n,%) 3 (1.3) 1 (0.5) 4 (1.0) 0 (0.0) 0.15 2 (0.6) 0.70 

RSV = respiratory syncytial virus; ALRI = acute lower respiratory tract infection; WOG = weeks of gestation; CCC = chronic complex conditions; i.v. = intraveinous; s.c. = subcutaneous; LOS = length of stay; 

ICU = intensive care unit. 
∗ Comparison of patients admitted during the 2020/2021 outbreak versus those admitted during the “pre-COVID-19 outbreaks”. 
§ comparison of patients admitted during the 2021/2022 outbreak versus those admitted during the “pre-COVID-19 outbreaks”. 
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a  
ear Editor, 

We read with interest the article by Ijaz et al. regarding the

apping of SARS-CoV-2 IgM and IgG in gingival crevicular fluid

GCF), and its linkage to disease severity in hospitalised COVID-

9 patients. The authors report some evidence that higher levels

f antibody in GCF in the first 14 days post symptom onset were

ssociated with severe disease and poor outcome. 1 The utility of

ess invasive, non-venous analytes has been increasingly recognised

uring the global pandemic. These may be used for both disease

etection and prediction of severity. The identification of biomark-

rs of disease severity in COVID-19 would be of considerable clini-

al value, particularly with the current limited availability of novel

ntiviral therapy, which are known to exert a maximal efficacy

hen given early in the disease course. 

While predominantly recognised as an infection of the respira-

ory tract, gastrointestinal symptoms are frequently reported, with

he incidence of diarrhoea and abdominal pain ranging from 2 to

9%. 2 Both the SARS-CoV-2 receptor, angiotensin-converting en-

yme 2 (ACE-2), as well as the SARS-CoV-2 nucleocapsid protein

ave been detected in gastrointestinal epithelial cells (enterocytes),

uggesting a role for direct viral infection resulting in cytokine

elease and neutrophil activation. 3 Furthermore, SARS-CoV-2 RNA

as been detected in stool samples and colonic biopsies, implicat-

ng the gut as a site of viral replication. 4 

The hypothesised effects of SARS-CoV-2 infection on entero-

ytes include a direct viral insult resulting in gastrointestinal in-

ammation and disruption to intestinal barrier function, with sub-

equent release and up regulation of inflammatory cytokines caus-

ng an exaggerated inflammatory response. 5 Indeed, alterations in

ntestinal barrier function, supporting this hypothesis, have been

emonstrated in patients with COVID-19. 6 Whether inflammation

nd disruption of the intestinal barrier by COVID-19 results in up-
aecal calprotectin as a potential biomarker of disease 

everity in SARS-CoV-2 infection 

� , �� 
� This study has been approved by the Research Ethical Committee of St. Vincent’s 

niversity Hospital 
� PM and GD contributed to the conception and design of the study. NOM, MT 

nd AGL contributed to the acquisition, analysis, and interpretation of data. NOM 

rafted the article. JD and RS contributed to critically revising the article. PM and 

D contributed to revising the article and gave final approval of the version to be 

ubmitted. 

(  

f  

w  

i  

s  

p  

p  

Table 1 

Demographics, patient characteristics, biochemical data o

COVID + ve ( n = 22) FCP + ve ( n =
Age (median) [IQR] 70 [63 – 82]

Gender (female) 38% ( n = 5) 

BMI (kg/m2) 24 

Co-Morbidities 

- Hypertension 

- GI Disease 

92% ( n = 12

62% ( n = 8) 

0% 

Respiratory Symptoms 62% ( n = 8) 

Viral Symptoms 33% ( n = 5) 

Nausea 0 

Abdominal Pain 13% ( n = 2) 

Diarrhoea 13% ( n = 2) 

Time to stool sample (days) [IQR] 11 [4-35] 

Faecal Calprotectin 

Quantitative ( + ve) (median) [IQR] 

119 [84-532]

CRP (median) 15 

Ferritin 638 

Leukocytes 5.95 

PPI use 20% ( n = 3) 

Length of Stay (days) [IQR] 54 [13-71] 
egulation of the host immune response and a resultant increased

everity of disease remains unknown. 

Faecal calprotectin (FCP), a measure of neutrophil activation,

s a recognised correlate of intestinal injury which rises in re-

ponse to both acute and chronic inflammatory conditions. This

on-invasive measurement of intestinal inflammation is frequently

mployed in the assessment of inflammatory bowel conditions.

levated levels of FCP have been demonstrated in patients with

ymptomatic COVID-19, with the presence of both acute and re-

olved diarrhoea, 7 and in the absence of gastrointestinal symp-

oms, 8 regardless of whether SARS-CoV-2 RNA is detected in stool

amples. Elevated levels of serum calprotectin (SCP) have previ-

usly been demonstrated in patients with severe complications of

ARS-CoV-2 infection, 9 however in a large ambulatory cohort of in-

ividuals with COVID-19, SCP was not predictive of developing se-

ere disease. 10 

We performed an analysis within a prospective observational

tudy to assess the presence and significance of intestinal in-

ammation in a cohort of individuals with mild-moderate, PCR-

onfirmed SARS-CoV-2 infection (classified as per the World Health

rganisation classification of severity), with and without gastroin-

estinal symptoms. We compared these findings with an age and

ex-matched control group with a respiratory infection but who

ere confirmed SARS-CoV-2 PCR negative. We sought to determine

hether intestinal inflammation was more prevalent in those with

OVID-19, and what association, if any, this had with disease sever-

ty and clinical outcome. 

Patients admitted to hospital due to complications of COVID-

9 during the first wave of the SARS-CoV-2 pandemic (March–

ovember 2020) were recruited to a prospective, multicentre co-

ort study (the All-Ireland Infectious Disease Cohort (AIID) Study).

atients with mild to moderate disease severity as per WHO sever-

ty index (WHO 1–2) were included and asked to provide a stool

ample for analysis. Demographic and biochemical data were col-

ected, as well as details of clinical course and use of steroid

nd antibiotic therapy. Systemic serum markers of inflammation

C-reactive protein, ferritin, platelets) were recorded. Requirement

or non-invasive ventilation, escalation to intensive care and death

ere recorded and combined as a composite outcome of sever-

ty. Length of stay was also recorded as a surrogate marker of

everity. Stool samples were tested for the presence of faecal cal-

rotectin using a qualitative immunochromatographic assay (out-

ut as elevated or negative) and a quantitative enzyme-linked im-
f patients with COVID-19. 

 13) FCP –ve ( n = 9) P value 

 54 [48 – 56] 0.17 

67% ( n = 6) 0.19 

28 0.18 

) 89% ( n = 8) 

33% ( n = 3) 

44% ( n = 4) 

66% ( n = 6) 0.58 

89% ( n = 8) 0.25 

0 

0 

33% ( n = 3) 

7 [3-19] 

 26 [12-29] < 0.01 

6 0.12 

240 0.053 

5.3 0.95 

22% ( n = 2) 0.68 

9 [3-11] 0.017 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2022.06.016&domain=pdf


470 Letter to the Editor / Journal of Infection 85 (2022) 477–480 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

D

R

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

munosorbent assay (ELISA) (reported in ug/g). Use of proton-pump

inhibitors (PPI), known to cause an elevation in FCP, was recorded

as a potential confounder. 

During the study period, we collected stool samples from 37

subjects, of whom 22 (59%) had SARS-CoV-2 detected on PCR from

nasopharyngeal swab, with 15 (41%) SARS-CoV-2 negative controls.

The median ages (62 vs. 67, p = 0.5), gender (female 50% vs. 53%,

p = 0.5) and median BMI (25.1 vs. 26.3 kg/m 

2 ) were similar be-

tween the two groups. While GI symptoms were more common in

the COVID-19 group (32% vs 0%, p = < 0.05), there was no significant

difference in qualitative FCP (45% vs. 40%, p = 0.5) with similar

median quantitative FCP (73ug/g vs. 95ug/g, p = 0.7). There was

also no between-group difference in PPI use (23% vs. 25%, p = 0.5),

co-morbidities (92% vs. 89%), LOS (16.5 days vs. 6, p = 0.4) or

markers of systemic inflammation (data not shown). 

Within the COVID-19 group, a positive FCP qualitative assay

( n = 13) corresponded to a median FCP of 119 ug/g (IQR 84–

532). Interestingly, an elevated FCP was associated with a statis-

tically significantly higher ferritin (638 ug/L vs. 240 ug/L, p = 0.05)

and a longer hospital length of stay (54 vs. 9 days, p = 0.02). Al-

though an elevated FCP was not linked to reported GI symptoms

(16% in those with elevated FCP vs. 33% in those with a negative

FCP, p = 0.4), need for supplemental oxygen (median Fi02 28%) or

need for steroid therapy (dexamethasone 6 mg), there was a trend

towards a more severe clinical disease course for those with evi-

dence of intestinal inflammation. In the group with elevated FCP,

2 were referred to intensive care, both of whom died. All patients

with a negative FCP were discharged home and did not reach the

composite outcome of severity. 

Our study suggests that while GI symptoms are commonly

reported in patients with SARS-CoV-2 infection, these correlate

poorly with non-invasive markers of intestinal inflammation. Fae-

cal calprotectin, in our study, was not a sensitive marker of SARS-

CoV-2 related intestinal injury, with similar levels detected in both

COVID-19 subjects and control groups. Nonetheless, elevated FCP

levels in those with mild to moderate SARS-CoV-2 did demonstrate

an association with elevated systemic inflammation as measured

by serum ferritin levels, a significantly longer length of hospital

stay, and a more severe clinical course. This suggests its utility

may lie as a biomarker of disease severity in those with confirmed

SARS-CoV-2 infection. Further larger prospective cohort studies are

required to confirm this association. 
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ear Editor , 

In this journal, Westrop et al. (2022) reported that heterolo-

ous COVID-19 vaccine schedules involving adenoviral-vector and

RNA vaccines were highly immunogenic, and that the immune

esponses were higher among previously infected adults compared

o infection-naïve adults. 1 These findings were consistent with a

umber of studies that demonstrated that two-dose mRNA COVID-

9 vaccine regimens in individuals previously infected with SARS-

oV-2 were more immunogenic compared to natural infection or

accination alone. 2-4 However, this evidence was largely based on

RNA vaccine regimens and was conducted before the introduc-

ion and global spread of the omicron variant. 

Prior to the emergence of omicron, a retrospective study in Is-

ael suggested that a single dose of BNT162b2 after natural infec-

ion provided high vaccine effectiveness (82%) against SARS-CoV-2

einfection compared to participants who were infected but unvac-

inated; this was the same for two doses. 5 However, it remained

nclear whether natural immunity against previous SARS-CoV-2

ariants ( i.e., Wuhan or alpha), followed by a single dose of COVID-

9 vaccine, was sufficient to protect individuals from omicron. As

he immunogenicity of inactivated and adenoviral vectored vac-

ines among individuals previously infected with SARS-CoV-2 had

ot been described, we investigated the immunogenicity of a sin-

le dose of BNT162b2, ChAdOx1 nCoV-19 (ChAdOx1), or CoronaVac

gainst SARS-CoV-2 delta and omicron variants in individuals who

ecovered from COVID-19. 

Enrolled participants provided written informed consent, were

18 years old, and diagnosed with COVID-19 between 6-24 weeks

rior to study recruitment. Exclusion criteria included individu-

ls: with RT-PCR confirmed SARS-CoV-2 reinfection, that received

wo doses of any registered COVID-19 vaccine before diagnosis of

OVID-19, that received prophylactic treatment or investigational

gents against COVID-19, that had a history of vaccine hypersen-

itivity, that were immunocompromised or received immunosup-

ressive agents, or that had unstable underlying diseases. This ran-

omized study was performed between May and August 2021,

hen D614G ancestral and alpha SARS-CoV-2 variants were cir-

ulating in Thailand. Participants were randomly assigned to re-

eive a single dose of CoronaVac (Sinovac Life Science), ChAdOx1

Oxford-AstraZeneca), or BNT162b2 (Pfizer-BioNTech), with blood

amples collected before and 14 days after vaccination. SARS-CoV-2

pecific anti-receptor binding domain IgG (Abbott SARS-CoV-2 IgG

I Quant assay), pseudovirus-based neutralizing antibodies against

elta and omicron variants, as well as SARS-CoV-2-specific mem-

ry T-Cell responses against spike and nucleoprotein-membrane

rotein-open reading frame (NMO) proteins of the ancestral strain

IFN- γ ELISpot, Mabtech, Sweden) were measured. This study was

pproved by the Siriraj Institutional Review Board (COA no. Si

46/2021), and its protocol registered at the Thai Clinical Trial Reg-

stry (TCTR20210720 0 05). 

Anti-RBD IgG and neutralizing antibodies were reported as ge-

metric mean concentration (GMC) and geometric mean titers
ttps://doi.org/10.1016/j.jinf.2022.06.016 

2022 The British Infection Association. Published by Elsevier 

td. All rights reserved. 

mmunogenicity of a single dose of BNT162b2, ChAdOx1 

CoV-19, or CoronaVac against SARS-CoV-2 delta and 

micron variants among previously infected adults: A 

andomized trial 
GMT) with 95% confidence intervals (CI), respectively. For multi-

le comparisons, the analysis of variance (ANOVA) for parametric

ata and Wilcoxon Rank Sum test for non-parametric data were

sed to assess the differences among groups. Paired and unpaired

 tests were used to compare GMC and GMT within group and be-

ween groups, respectively, using GraphPad Prism 9 version 9.2.0

283) (GraphPad Software, CA, USA), respectively. Correlation anal-

sis was performed using the Spearman correlation analysis. Other

tatistical analyses were conducted using STATA version 17 (Stata

orp, LP, College Station, TX, USA). Adverse events (AEs) and sec-

ndary outcome measures were descriptively analyzed. 

Of the 166 participants screened, 23 were excluded from the

tudy per aforementioned criteria, and 29 were excluded from the

nalysis due to receiving doses of COVID-19 vaccines prior to SARS-

oV-2 infection (Supplementary Fig. 1). A total of 114 adults were

ncluded in the final analysis , 52 (45.2%) participants were male,

nd the median age (IQR) was 38.5 (29-45) years ( Table 1 ). There

as no statistical difference in baseline characteristics and inter-

als between COVID-19 diagnosis and vaccination across the three

accination groups ( Table 1 ). 

A single dose of either study vaccine significantly increased the

ARS-CoV-2 IgG concentration (Supplementary Fig. 2) and neu-

ralizing antibody titers (PVNT 50 ) against delta and omicron vari-

nts ( Fig. 1 A-B) from pre-vaccination. Both BNT162b2 and ChA-

Ox1 groups induced significantly higher antibody responses than

he CoronaVac group: the geometric mean PVNT 50 (95% CI) for

NT162b2, ChAdOx1, and CoronaVac groups for delta were 2,503

1865, 3359), 1,093 (808,1480), and 340 (228,507); and for omi-

ron were 372 (193,717), 176 (84.8, 364), and 6.9 (2.2, 22.1), re-

pectively ( Fig. 1 A-B). Importantly, a single dose of BNT162b2 or

hAdOx1 but not CoronaVac induced similar PVNT 50 against delta

nd omicron as to those induced by three doses of COVID-19 vac-

ines (two primary doses of ChAdOx1 plus a BNT162b2b booster)

reviously reported in healthy Thai adults who never had SARS-

oV-2 infection (5) ( Fig. 1 A-B). A single dose of CoronaVac in pre-

iously infected individuals produced similar PVNT 50 as those who

eceived two doses of BNT162b2 primary series (7) ( Fig. 1 B). 

Similarly, all three vaccines significantly increased T-Cell re-

ponses to spike protein ( Fig. 1 C), while only CoronaVac signifi-

antly increased T-Cell responses to NMO proteins ( Fig. 1 D). Both

NT162b2 and ChAdOx1 induced significantly higher T-Cell re-

ponses than CoronaVac. There was a strong correlation between

ARS-CoV-2 IgG and spike-specific T-Cell responses (Supplemen-

ary Fig. 3). 

Our results suggested that among individuals who were pre-

iously infected with SARS-CoV-2 (ancestral strain, with D614G

utation, and alpha strain), a single dose of BNT162b2 or ChA-

Ox1, but not CoronaVac, may provide similar protection against

elta and omicron variants as individuals vaccinated with three

oses of COVID-19 vaccines. These findings are particularly rele-

ant for countries where there have been with limited access to

accines such as BNT162b2 and ChAdOx1 but have a high level of

atural immunity to SARS-CoV-2. Limitations of the study include

he small sample size, and generalization of our findings to other

OVID-19 vaccines and previous infection with other SARS-CoV-2

ariants. 
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Table 1 

Baseline characteristics of vaccine-naïve participants enrolled by type of vaccines. 

Baseline characteristics Type of vaccinations following SARS-CoV-2 detection 

Total BNT162b2 ChAdOx1 CoronaVac P value 

Number of participants, 

n (%) 

114 31 (27.2) 45 (39.5) 38 (33.3) 

Male, n (%) 52 14 (45.2) 19 (42.2) 19 (50.0) 0.78 

Age, median (IQR) 38.5 (29, 45) 37 (28, 44) 39 (29, 48) 39 (29, 45) 0.90 

Body mass index, 

median (IQR) 

24.40 (21.0, 27.4) 23.3 (20.3, 26.4) 24.5 (21.8, 27.4) 25.4 (21.1, 28.6) 0.17 

Days from diagnosis to 

enrollment, 

median (IQR) 

85 (61, 119) 67 (54, 126) 111(61, 120) 88 (62, 114) 0.20 

Fig. 1. A) Neutralization titers against delta variant determined using the pseudovirus neutralization assay. B) Neutralization titers against omicron variant determined using 

the pseudovirus neutralization assay. C) IFN- γ T-Cell responses against spike protein of ancestral strain determined using ELISpot assay. D) IFN- γ T-Cell responses against 

NMO protein of ancestral strain determined using ELISpot assay. ELISpot indicates enzyme-linked immunospot; PVNT 50 , 50% reduction of infectivity; IFN, interferon; SFU, 

spot-forming unit; pre-vac, pre-vaccination; post-vac, post-vaccination. In panel A and B, data were presented as geometric mean titers with 95% confidence interval. Paired 

pre- and post-vaccination PVNT 50 titers were log-transformed and compared using paired Student’s t-test. PVNT 50 titers between vaccine groups were log-transformed and 

compared using unpaired Student’s t-test. In panel C and D, data were presented as geometric mean SFU with 95% confidential interval. Paired pre- and post-vaccination 

SFU were log-transformed and compared using paired Student’s t-test. SFU between vaccine groups were log-transformed and compared using unpaired Student’s t-test. The 

reference bar in panel A and B were the results from studies conducted in the same setting as this study (6,7). 
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ear Editor, 

We read with great interest on a recent study by Tao Lou

nd colleagues entitled “Risk factors for infection and mortal-

ty caused by carbapenem-resistant Klebsiella pneumoniae : A large
4. Bates TA , McBride SK , Leier HC , Guzman G , Lyski ZL , Schoen D , et al. Vac-
cination before or after SARS-CoV-2 infection leads to robust humoral

response and antibodies that effectively neutralize variants. Sci Immunol
2022; 7 (68):eabn8014 . 

5. Nasikarn Angkasekwinai SN, Jaturong Sewatanon, Supaporn Phumiamorn,
Kasama Sukapirom, Sansnee Senawong, Surakameth Mahasirimongkol,

Zheng Quan Toh, Pinklow Umrod, Thitiporn Somporn, Supaporn Chumpol,
Kanokphon Ritthitham, Yuparat Jantraphakorn, Kanjana Srisutthisamphan,

Kulkanya Chokephaibulkit. The immunogenicity against variants of concern

and reactogenicity of four COVID-19 booster vaccinations following CoronaVac
or ChAdOx1 nCoV-19 primary series. medRxiv 2021.11.29.21266947; doi:

10.1101/2021.11.29.21266947 . 
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isk factors and clinical impact associated with infections 

aused by different types of carbapenem-resistant 

lebsiella pneumoniae in China: A clinical study from 2014 

o 2017 
ulticentre case-control and cohort study” in this journal. 1 Data

rom this study showed a very high clinical mortality rate caused

y carbapenem-resistant K. pneumoniae (CRKP) infections, reach-

ng 24.2% for the 28-day crude mortality and over 45% for blood-

tream infections. We believe that CRKP strains in this study in-

luded the newly discovered carbapenem-resistant and hypervir-

lent K. pneumoniae (CR-HvKP). 2 It is interesting and important

o compare the clinical mortality caused by CRKP and CR-HvKP

trains. We have conducted a study to compare the clinical risk

actors involved in clinical infections caused by CRKP and CR-HvKP

trains, which will provide additional insights into current study. 

A total of 784 CRKP strains collected during the period 2014–

017 from three hospitals, Second Affiliated Hospital of Zhejiang

niversity (SAHZU) and Wenzhou Tertiary Hospital (WZTH), lo-

ated in different cities of the same province, Zhejiang Province,

hina and Henan Provincial People’s Hospital (HPPH), located in a

ity in Henan Province, which is geographically distant from Zhe-

iang Province. These three hospitals have a total of around 10,0 0 0

eds and serve for over 27 million populations. The workflow of

he current study is outlined in Fig. 1 a . The rate of CRKP infec-

ion increased stably from 20% in 2014 to 36.3% in 2017 in SAHZU,

rom 8.7% in 2014 to 61.4% in 2017 in HPPH, and from 6.4% in

014 to 18% in 2017 in WZTH. To assess the prevalence of CR-

vKP among these strains, we performed screening of the con-

ervative, plasmid-borne virulence genes rmpA, rmpA2 and iutA by

CR assays 3 , 4 and found that carriage of the virulence plasmid

mong clinical CRKP strains was a common event, with 457/784

58%) of the CRKP strains tested carrying at least two of these

hree genes. The overall carriage rate of the virulence plasmid in

RKP strains collected from these three hospitals increased dra-

atically from 2014 to 2016, dropping slightly in SAHZU and HPPH

n 2017, whereas the carriage rate in WZTH declined gradually over

he years. String test was also performed on all 784 strains re-

ardless of their status of carriage of virulence plasmid. 4 Surpris-

ngly, we found that carriage of the virulence plasmid did not cor-

elate with the string test results. Among the 457 clinical CRKP

trains that harbored the virulence plasmid, only 64 (14%) were

ositive for string test; 60 of these 64 strains exhibited high sur-

ival rate ( > 70%) in neutrophils. We define these 60 strains that

arried rmpA2 and iutA , and exhibited hypermucovisity phenotype

nd > 70% survival rate in neutrophil assay as phenotypically hy-

ervirulent (phenotypic CR-HvKP). It should be noted that in one

ospital (SAHZU), the recovery rate of phenotypic CR-HvKP in-

reased from none in 2014 and 2015 to 6% and 18% in 2016 and

017 respectively. 

Analysis of clinical record of patients from whom these 784

RKP strains were recovered showed that CRKP were most com-

only among ICU patients (54%). CRKP strains were recoverable

rom a variety of specimens, with respiratory (58%) and blood

17%) samples being the most common. Invasive procedures were

ommonly associated with CRKP infections, with 96% of the pa-

ients being treated with at least one type of invasive proce-

ures, among which mechanical lung ventilation (67%), vascular

atheter (58%) and urinary catheter (58%) were the most com-

on ( Table 1 ). Most of the patients had been treated with a range

f antibiotics, with carbapenems being the most commonly pre-

cribed drug (75%), followed by tigecycline (30%). The overall mor-

ality rate for these CRKP was very high reaching 41% (322/784).

here are 329 out of 784 patients were confirmed to be re-

overed, while 133 patients lacked of confirmative outcome due

o being transferred to other hospitals. We performed compara-

ive analysis of clinical data from patients with clinical outcome

f dead ( n = 322) or survival ( n = 329) to identify risk fac-

ors that contributed to clinical morality of CRKP infections us-

ng multivariate logistic regression analysis. Holm correction was
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Fig. 1. Study design and risk factor analysis. (a) Enrollment and randomization of patients and CRKP strains. SAHZU, Second Affiliated Hospital of Zhejiang University; 

HPPH, Henan Provincial People’s Hospital; WZTH, Wenzhou Tertiary Hospital. CRKP, carbapenem-resistant K. pneumoniae ; Non-phenotypic CR-HvKP, CRKP strains carrying 

virulence plasmid without exhibiting the hypervirulence phenotype; Phenotypic CR-HvKP, CRKP strains with hypervirulence phenotype. (b) Risk factors of clinical mortality 

of CRKP infections as depicted by Cox regression analysis. TRA, Tracheal intubation / tracheotomy; ALV, Artificial lung ventilation; APC, Abdominal /pelvic catheter. Regression 

estimate approaching to negative number represents higher association with clinical mortality and that approaching to positive number represents high survival. 
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used to adjust the P value. We separated all CRKP strains into

three groups, namely, virulence plasmid-negative CRKP (vpnCRKP),

virulence plasmid-positive but non-phenotypic hypervirulent CR-

HvKP (nphCR-HvKP) and virulence plasmid-positive and pheno-

typic hypervirulent CR-HvKP (phCR-HvKP) to analyze their poten-

tial contribution to mortality. Ethical approval for this study has

been obtained for this study with approval number of 2,017,084.

Our analysis has identified factors that were strongly associated

with clinical mortality of CRKP infections including (1) infection by

phenotypic CR-HvKP (harzard ratio, −2.61; 95% CI, −3.81 ∼ −1.60;

p = 6.01e-05), (2) use of artificial lung ventilation (harzard ratio,

−1.43; 95% CI, −1.93 ∼ −0.94; p = 2.73e-07) and (3) admission

to ICU (harzard ratio, −0.96; 95% CI, −1.37 ∼ −0.55; p = 7.66e-

05), (4) use of carbapenems (harzard ratio, −0.91108; 95% CI,

−1.39 ∼−0.44; p = 0.00356) and (5) ages (harzard ratio, −0.35022;

95% CI, −0.56 ∼−0.14; p = 0.0188). Interestingly, clinical use of tige-

cycline was also marginally associated with high clinical moral-

ity (harzard ratio, −0.74435; 95% CI, −1.24 ∼−0.25; p = 0.0588).

Regression estimate analysis using Boost Regression Tree method

showed that the level of risks of these factors, with the order of

high to low, was as follows: infection by phenotypic CR-HvKP, ar-

tificial lung ventilation, admission to ICU ward, use of carbapen-

ems, use of tigecycline, abdominal /pelvic catheter and old age

( Fig. 1 b ). Importantly, our data were consistent with the current

study in several aspects with the most interesting finding was that

the use of antibiotics such as carbapenems and tigecycline was

the risk factor associated with high mortality. This is important

C

ince carbapenems and tigecycline are commonly used clinically

o treat CRKP infections in China. More researches are needed to

onfirm these risk factors. Furthermore, our data showed that phe-

otypic CR-HvKP strains are strongly associated with clinical mor-

ality, which need further attention since CR-HvKP are increasingly

revalent in China. 
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Table 1 

Analysis of risk factors that significantly contribute to clinical mortality of CRKP infections. 

Factors Death 

n = 322 (%) 

Recovered 

n = 329 (%) 

P value Adjusted P + 

Region 

Hangzhou 129 110 

Zhengzhou 83 87 0.1248 1 

Wenzhou 110 132 0.9877 1 

Age (years) 0.0 0 09887 0.01879 ∗

< 18 1 (0.3) 5 (1.5) 

18–60 137 (41.3) 170 (51.7) 

> 60 184 (55.4) 154 (46.8) 

Sex (male) 215 (64.8) 230 (69.9) 0.4246 1 

Site of isolation 

Respiratory 163 (49.1) 199 (60.5) 0.4013 1 

Blood stream 93 (28.0) 40 (12.2) 0.09649 1 

Urinary tract 20 (6.0) 35 (10.6) 0.3148 1 

Others 46 (10.8) 55 (16.7) 

Admission to ICU 221 (66.7) 125 (38.0) 3.647e-06 7.660e-05 ∗

Comorbidities 

Immunosuppression 18 (5.4) 13 (4.0) 0.9519 1 

Diabetes 102 (30.7) 74 (22.5) 0.8571 1 

Surgery in 3 months 147 (44.3) 189 (57.4) 0.09326 1 

TRA 159 (47.9) 131 (39.8) 0.9063 1 

ALV 245 (73.8) 175 (53.2) 1.139e-08 2.734e-07 ∗

Vascular catheter 197 (59.3) 168 (51.1) 0.6786 1 

APC 197 (59.3) 168 (51.1) 0.0251 0.4263 

Urinary catheter 166 (50.0) 204 (62.0) 2.617e-07 6.019e-06 ∗

Sepsis 114 (35.4) 129 (39.2) 0.8655 1 

Sign of infections 186 (57.8) 57 (17.3) 0.03851 0.6162 

Type of antibiotic used (within one month since the detection of K. pneumoniae ) 

Carbapenems 276 (83.1) 224 (68.1) 1.777e-04 0.003555 ∗

Tigecycline 118 (35.5) 67 (20.4) 0.003264 0.05875 

Colistin 12 (3.6) 6 (1.8) 0.9570 1 

Type of CRKP strains 

CRKP 131 (39.5) 134 (40.7) 

Non-phen CR-HvKP 144 (43.4) 190 (57.8) 0.3988 1 

Pheno CR-HvKP 47 (14.3) 5 (1.5) 2.732e-06 6.009e-05 ∗

ST type 

11 282 (87.6) 281 (85.4) 0.2370 1 

others 40 (12.4) 48 (14.6) 

TRA, Tracheal intubation / tracheotomy; ALV, Artificial lung ventilation; APC, Abdominal /pelvic catheter. 

+ , P-value was determined by multivariate logistics regression. Adjusted P was determined by Holm corrections. 
∗statistically significant. 
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Dear Editor, 

The efficacy of nirmatrelvir/ritonavir, an orally active

chymotrypsin-like cysteine protease inhibitor in combination

with a CYP3A4 inhibitor, in reducing hospitalisation or death from

COVID-19 infection has been demonstrated in a high-risk adult

population. 1 Treatment within five days of COVID-19 symptoms

was associated with a progressive reduction in viral load compared

to the placebo arm; the duration of COVID-symptoms and changes

in symptom severity were not reported. 1 

The effectiveness of nirmatrelvir/ritonavir in vaccinated indi-

viduals or against novel SARS-CoV-2 variants remains uncertain.

Case reports are emerging of a recurrence (“rebound”) of COVID-

19 symptoms during or shortly after nirmatrelvir/ritonavir therapy

without evidence of infection with an alternative variant in vac-

cinated, immunocompetent individuals. 3–5 No universally agreed

definition of “rebound” COVID-19 associated with antiviral treat-

ment currently exists, however, the United States Centres for Dis-

ease Control and Prevention describes rebound as a recurrence of

COVID-19 symptoms or a new positive viral test after negative test-

ing within two to eight days of initial recovery. 5 

Nirmatrelvir/ritonavir has conditional marketing authorisation

in the UK for the treatment of COVID-19 in adults not requir-

ing oxygen therapy and who are considered at risk of hospi-

talisation and/or death from COVID-19. 6 In December 2021, the

Cardiff and Vale University Health Board was commissioned to

provide a National Antiviral Service (NAVS) with responsibility for

the clinical assessment of and supply of oral antiviral medicines

to clinically extremely vulnerable patients in Wales who test

positive for COVID-19. The first patients began receiving nirma-

trelvir/ritonavir from NAVS in February 2022 in accordance with

a UK wide clinical access policy. 7 As of 5 June 2022, the Na-

tional Antiviral Service (NAVS) has recommended treatment with

nirmatrelavir/ritonavir, molnupiravir and neutralising monoclonal

antibodies (Casirivimab/Imdevimab or Sotrovimab) for 939, 647

and 1498 patients respectively. To date, NAVS has received three

spontaneous reports from service users of apparent recurrence of

COVID symptoms associated with new positive antigen lateral flow

tests, Table 1 . 

Two cases were female and one male. Ages ranged from 44 to

59 years. All three cases had underlying active immune-mediated

inflammatory disease, for which they were receiving treatment,

and had received a full course of COVID-19 vaccination. Nirma-

trelvir/ritonavir was started within one to three days of the onset

of typical COVID-19 symptoms and a positive lateral flow test. All

three cases reported taking nirmatrelvir/ritonavir, as prescribed, for

five days. 

Symptomatic improvement was reported from three to five days

after initial onset and persisted for two to six days until symp-

toms were reported to reoccur. Lateral flow tests were newly pos-

itive eight to 19 days from initial onset. Two out of three cases

did not require hospitalisation but the third was referred to her

local Medical assessment Unit to exclude a complication of COVID,
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to be cared for on the infectious diseases unit. 
uch as venothromboemobolism or secondary infection, and re-

eived sotrovimab for on-going symptoms associated with positive

ateral flow tests. 

It is unclear if COVID-19 “rebound” associated with nirma-

relvir/ritonavir is a distinct clinical phenomenon. The number

eeded to treat in the pivotal nirmatrelvir/ritonavir was ap-

roximately 18, 1 suggesting that failure to respond to nirma-

relvir/ritonavir therapy may be an explanation. Alternatively, “re-

ound” may reflect the natural history of certain SARS-CoV- 

 variants. 8 Investigators have reported second peaks in vi-

al load in “rebound” cases, 2 , 3 however, these do not correlate

ell with either symptoms or antigen test positivity. The inclu-

ion of untreated controls and other COVID-19 therapies in fu-

ure, formal, observational studies would address both alternative

ypotheses. 

In summary, we describe three cases of apparent recurrence of

OVID symptoms associated with new positive lateral flow tests in

mmunosuppressed adults at high risk of severe COVID-19 treated

ith nirmatrelvir/ritonavir. The number of reported cases repre-

ents a small proportion of all those treated ( < 1%) although we

annot account for unreported cases. The strengths of our conclu-

ions are limited by the strong risk of reporting bias and a lack

f viral load or viral genomic data to exclude early re-infection

ith an alternative or mutant SARS-CoV-2 subvariant. Our adverse

eaction information for patients letter has been amended to en-

ourage patients to report recurrence of COVID symptoms during

r following treatment. 
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ear Editor, 

We note with interest the retrospective 5-year study 1 by

ilekens showing sustained raised 30-day mortality in staphylo-

occus aureus bacteraemia (SAB) despite good adherence to quality

ndicators in a. People who inject drugs (PWID) are known to have

ncreased rates of bloodstream infections including SAB. 2 Anecdo-

ally, PWID have reduced mortality from SAB than non-PWID how-

ver there has been minimal direct comparison published in the

iterature. We set out to test this hypothesis by performing a ret-

ospective case note review of all SAB cases detected at Hull Uni-

ersity Teaching Hospitals NHS trust in 2017 (the most recent year

ith published time to culture data). 

Patients were classified into PWID and non PWID categories

ased on documented drug use behaviours. Outcomes including

iochemical and physiological parameters at time of blood culture

nd mortality outcomes at 30 days, 1 year and 4 years were col-

ected from combination of paper and electronic note review. Eth-

cal approval was granted by Wales Research Ethics Committee 1

IRAS 305642). 

Statistical comparison was performed using SPSS IBM statis-

ics. Students T-test and Mann-Whitney-U tests were performed

s appropriate for linear parametric and non-parametric compar-

sons, respectively. Chi-squared testing was performed for categor-

cal variables with Fisher’s exact testing performed when expected

alues were < 5. The Haldane-Anscombe correction was performed

hen producing odds ratios where a value of 0 was observed in

ither group. Due to small total population numbers and small

vents rate in the PWID group, multivariate analysis was not per-

ormed. 

Results are summarised in Table 1 / supplementary table 1 and

ig. 1 . Mortality was significantly lower in PWID ( n = 26) com-

ared to non-PWID ( n = 95) at 30 days/inpatient, 1 year and 4

ears ( p = 0.013, 0.004 and < 0.001, respectively; Table 1 a). PWID

ssociated cases were younger, had less comorbidity, more compli-

ated infection, less metabolic derangement and were more likely
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ignificantly lower 30 day/inpatient mortality observed in 

eople who inject drugs (PWID) compared to non-PWID 

ith Staphylococcus aureus bacteraemia 
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Table 1 

a Comparing biochemical/physiological parameters between PWID and non-PWID. 

PWID ( n = 26) Non-PWID ( n = 95) p-value 

Male %(n) 65.4 (17) 70.5 (67) 0.614 

Age (median, range) 38.5 (22–59) 68.0 (34–96) < 0.001 ∼∗∗∗

Time to blood culture positive (hours) 14.25 + /- 8.4 14.67 + /- 7.7 0.570 ∼
MRSA %(n) 0 (0) 4.2 (4) 0.576 

Previous Staphylococcus Aureus isolated (any site) %(n) 38.5 (10) 46.3 (44) 0.475 

Infectious disease inpatient stay %(n) 52.8 (14) 10.6 (10 0.001 ∗∗∗

Complex infection %(n) 88.5 (23) 58.8 (50) 0.005 ∗∗

PMH Cardiovascular disease %(n) 0 (0) 41.1 (39) < 0.001 ∗∗∗

PMH Chronic kidney disease %(n) 3.8 (1) 22.1 (21) 0.042 ∗

PMH Diabetes %(n) 3.8 (1) 22.1 (21) 0.004 ∗∗

PMH Chronic obstructive pulmonary disease %(n) 0 (0) 15.8 (15) 0.029 ∗

PMH Active malignancy %(n) 0 (0) 31.6 (30) < 0.001 ∗∗∗

PMH Alcohol excess %(n) 11.5 (3) 1.1 (1) 0.031 ∗

PMH Hepatitis B %(n) 0 (0) 0 (0) n/a 

PMH Hepatitis C %(n) 65.4 (17) 0 (0) < 0.001 ∗∗∗

PMH HIV %(n) 0 (0) 0 (0) n/a 

Charlson comorbidity index 0.9 (0.8) 5.2 (3.2) < 0.001 ∗∗∗

Sodium mmol/L 131.9 (3.9) 134.7 (6.9) ( n = 94) 0.052 

Urea mmol/L 8.9 (10.8) 12.4 (10.8) ( n = 93) 0.006 ∼∗∗

Creatinine μmol/L 128.2 (192.3) 147.2 (164.6) ( n = 93) 0.013 ∼∗

Albumin g/L 28.3 (4.9) ( n = 25) 28.0 (7.7) ( n = 94) 0.879 

Alanine aminotransferase IU/L 77.7 (226.7) ( n = 25) 44.5 (40.7) ( n = 92) 0.209 ∼
C reactive protein mg/L 211.9 (139.0) ( n = 23) 164.7 (117.6) ( n = 72) 0.113 

Lactate mmol/L 1.4 (0.6) ( n = 15) 2.4 (1.9) ( n = 49) 0.013 ∼∗

Bicarbonate mmol/L 24.4 (3.8) ( n = 17) 24.0 (5.0) ( n = 70) 0.724 

Haemoglobin g/L 113.6 (22.0) ( n = 25) 113.0 (26.3) ( n = 94) 0.917 

White cell count x10 9 /L 12.9 (5.8) ( n = 25) 13.5 (6.8) ( n = 94) 0.644 

Neutrophils x10 9 /L 10.4 (5.3) ( n = 24) 11.6 (6.4) ( n = 94) 0.408 

Lymphocytes x10 9 /L 1.3 (0.8) ( n = 24) 1.0 (0.8) ( n = 94) 0.045 ∗

Platelets x10 9 /L 260.2 (178.3) ( n = 24) 241.2 (136.3) ( n = 93) 0.387 

Pulse beats/minute 92.8 (18.3) ( n = 21) 97.0 (22.5) ( n = 77) 0.425 

Systolic blood pressure mmHg 115.9 (20.5) ( n = 21) 122.5 (28.0) ( n = 75) 0.319 

Diastolic blood pressure mmHg 67.1 (12.4) ( n = 21) 66.8 (17.0) ( n = 76) 0.939 

Respiratory rate breaths/minute 18.3 (2.3) ( n = 20) 20.5 (5.8) ( n = 69) 0.205 ∼
Oxygen saturations % 97.1 (2.3) ( n = 20) 95.9 (3.4) ( n = 66) 0.147 

Temperature °C 37.5 (1.3) ( n = 21) 37.5 (1.4) ( n = 79) 0.881 

Altered mental status %(n) 5.0 (1) 11.0 (8) 0.678 

Length of stay post positive blood culture (days) 28.1 (18.2) 24.7 (22.1) 0.153 ∼
Inpatient/30-day mortality %(n) 3.8 (1) 26.3 (25) 0.013 ∗

One year mortality %(n) 7.7 (2) 36.8 (35) 0.004 ∗∗

Four year mortality %(n) 11.5 (3) 58.9 (56) p < 0.001 ∗∗∗

Re-admission within 90 days %(n) 44.0 (11) 39.7 (29) 0.707 

All values are presented as mean (standard deviation) unless otherwise stated. 
∗ p < 0.05. 
∗∗ p < 0.01. 
∗∗∗ p < 0.001. ∼ Mann-Whitney U analysis for non-parametric variables.MRSA = methicillin resistant Staphylococcus Aureus, 

PMH = past medical history. 
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When comparing those who died within 30 days ( n = 26) ver-

sus those that survived beyond 30 days ( n = 95) ( Table 1 b) multi-

ple factors were significantly different. Age was significantly lower

in the surviving group (median 68 and 38 for non-PWID and PWID

respectively, p < 0.001). Of the 26 PWID, 25 were in the surviving

group (Odds ratio [OR] 0.11, 95%CI 0.01–0.87, p = 0.013). Of those

cared as an inpatient by infectious diseases there was no deaths

(OR 0.06, 95% CI 0.0 0–0.94, p = 0.0 04). Fig. 1 a and b show Kaplan-

Meier survival curves by PWID status and by infectious diseases

inpatient stay (Log-Rank p < 0.001 for both). 

These data suggest that despite more complex disease and sim-

ilar physiological response to SAB, PWID patients have lower mor-

tality up to the 4 year time point. Due to the inability to perform

statistically sound multivariate analysis the impact of confounding

is unknown. Age and comorbidities are significant drivers of the

influence of PWID status and infectious diseases inpatient care on

mortality. Although a higher proportion of PWID versus non-PWID

were cared for within Infectious Diseases as inpatients, day-to-day

care of SAB patients by experts may have been important. A larger
rospective study may allow clarification of some of these poten-

ial confounders. 

Previous studies have identified this link between PWID status

nd reduced mortality. 3 , 4 Studies have also demonstrated differ-

nce in Staphylococcus Aureus (SA) strain isolation between PWID

nd non PWID with FIN-4 strains and strains with haemolytic

roperties being found more commonly in PWID ( p = 0.03 and

 = 0.007 respectively). 4 Higher teichoic acid antibodies titres were

lso seen in PWID than non PWID. 4 It is unclear whether PWID

ay have acquired immunity due to increased rates of SA infection

nd recurrent SA infection compared to the general population or

hether physiological response is different due to other factors. 2 , 3 

here is recent evidence that community acquired SAB in PWID

preads amongst this group and may have altered expression of

ome virulence factors. 5 

Complex disease was defined as per published guidance. 6 De-

pite complex disease being present more commonly in PWID,

heir outcomes are better and this doesn’t appear to be due to an

mpaired inflammatory response (with no significant difference in
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Fig. 1. (a). Kaplan-Meier survival curve showing time to death stratified by PWID status. (b). Kaplan-Meier survival curve showing time to death stratified by ID inpatient 

stay status. 
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RP or white blood cell counts) or the magnitude of the pathogen

urden as measured indirectly by time to blood culture positivity

indeed with PWID patients having difficult phlebotomy their re-

ult may be longer due to lower volumes inoculated into blood

ulture bottles). Readmission rates were higher than previously

oted but comparable between PWID and non PWID groups. 3 The

ong term mortality was marked in non PWID and comparable to

ur previous data for all cause blood stream infection. 7 The as-

ociation between multimorbidity, age and infection death over

he longer term 

8 may be part of the explanation of the marked

ifference between PWID and non PWID groups in the 4 year

ortality. 

Inpatient infectious disease stay was shown to be a significant

educer of mortality. This has been previously shown in literature
ith regard to infection consultation 

9 but our data may indicate

hat ongoing infection specialist care could be important in further

educing mortality. At our hospital, a high proportion of SAB pa-

ients managed out-with the infection ward are still reviewed at

east once by members of the infection team at the bedside. 

There are several limitations to this study. Firstly, total study

umbers and event outcome numbers are small which has pre-

ented a meaningful multivariate analysis. Furthermore, given the

etrospective nature of the study missing data may contribute to

ome confounding and there is potential for misclassification bias

ue to reliance on prior documented PWID status. 

SAB in PWID presents with a different spectrum of disease to

on PWID and its investigation and management should be tai-

ored accordingly. 3 , 5 With a high readmission rate, identifying fac-
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tors associated with this would allow for both improved outcomes

and reduced costs. With further investigation into attributable fac-

tors of reduced PWID mortality it may be possible that novel pre-

ventative or therapeutic tools could be identified in the treatment

of SAB. In the future a larger prospective cohort study is required

to clarify the role of pathogen, age and injection drug use in SAB

outcome. 

Supplementary materials 

Supplementary material associated with this article can be

found, in the online version, at doi: 10.1016/j.jinf.2022.06.010 . 
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