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ear Editor, 

We read with interest the report by Li and colleagues in this

ournal who showed that serum smyloid A (SAA) was a biomarker

f severe Coronavirus Disease and poor prognosis. 1 Rapidly and

ccurately differentiating between viral and bacterial infections in

ommunity-acquired pneumonia (CAP) is critical for prescribing

ppropriate therapy, especially in epidemic contexts such as in-

uenza or coronavirus disease 19 (COVID-19). 2 , 3 

We have reported that apoptosis inhibitor of macrophage (AIM,

lso called CD5L) production was elevated after bacterial infec-

ion, 4 , 5 and it may predict mortality in the patients with sepsis. 6 

erein, we present evidence that AIM might be a biomarker in

istinguishing between bacterial and viral infection in hospitalized

dults with CAP. 

In the first cohort study, 765 adult patients with CAP were en-

olled at the Department of Respiratory and Critical Care Medicine

f the First Affiliated Hospital of Chongqing Medical University

rom September 2017 to January 2020. All enrolled patients had

linical signs and radiographic evidence of CAP. 7 Influenza patients

ere defined as those with a positive virus result detected on

iral nucleic acid testing. Bacterial infections were confirmed by

icrobiological evidence of bacterial infection. We classified pa-

ients into two groups based on laboratory test results: I, pure

acterial infection (detection of any bacteria other than virus); II,

ure influenza (detection of influenza viruses A and B without co-

etection of bacteria). CAP caused by mixed influenza and bacterial

nfection were excluded from analysis. Finally, 683 CAP patients did

ot meet the criteria, and 51 CAP patients had pure bacterial infec-

ion and 31 had pure influenza ( Table 1 ). 62 sex- and age-matched

ealthy volunteers were recruited as healthy controls. 

In the second cohort study from February 2020 to January 2021,

9 hospitalized patients with pure COVID-19 from the Department

f Laboratory Medicine of Chongqing Public Health Medical Cen-

er, 47 hospitalized patients with pure bacterial infection from De-

artment of Respiratory and Critical Care Medicine of the First Af-

liated Hospital of Chongqing Medical University, and 51 healthy

olunteers were enrolled ( Table 1 ). 

The following base-line variables were also recorded at enroll-

ent: Acute Physiology and Chronic Health Evaluation II (APACHE

I) score, Sequential Organ Failure Assessment (SOFA) score, body

emperature, white blood cells (WBC) count, serum levels of C-

eactive protein (CRP) and procalcitonin (PCT), presence of shock,

nd the use of mechanical ventilation. The in-hospital mortality

as also recorded. Serum levels of AIM were measured in du-

licate using an enzyme-linked immunosorbent assay (ELISA) kit
ttps://doi.org/10.1016/j.jinf.2021.12.027 

163-4453/© 2021 The British Infection Association. Published by Elsevier Ltd. All rights r
Catalog# MBS064988; MyBioSource). This study was approved by

he Research Ethics Committee of the First Affiliated Hospital of the

hongqing Medical University ((numbers 2021-187 and 2015–156).

Differences in continuous variables were estimated using the

ann–Whitney U test. Differences in categorical variables were

alculated using the Fisher’s exact or the Chi square test as ap-

ropriate. The ability of biomarker levels to discriminate between

acterial and viral infections was investigated by means of receiver

perating characteristic (ROC) curve analysis. Area under the curve

AUC) was calculated. Sensitivity, specificity, and likelihood ratio

LR) values were calculated using AIM cut-points of 368 ng/ml,

30 ng/ml, and 567 ng/ml. 

During the first study period, 51 CAP patients with pure bacte-

ial infection and 31 with pure influenza were collected ( Table 1 ).

AP patients with proven bacterial infection and those with in-

uenza virus infection were not different in terms of demograph-

cs and chronic comorbidities. The severity of CAP on hospital ad-

ission was comparable between groups, as indicated by similar

OFA and APACHE-II scores, as well as similar percentages of shock

nd mechanical ventilation requirement. As expected, the levels

f WBC, neutrophils, lymphocytes, CRP, and PCT were significantly

igher in CAP with pure bacterial infection than those in CAP with

ure influenza. 

As shown in Fig. 1 A, AIM concentrations were significantly el-

vated in the sera from CAP patients with influenza and those

ith bacterial infection than from healthy volunteers. Interestingly,

erum AIM concentrations were significantly higher in bacterial

roup on the day of hospital admission when compared with in-

uenza group. Next, we compared the AUC of AIM, PCT and CRP

o differentiate bacterial infection from influenza by performing

 ROC curve analysis ( Fig. 1 B), and the best AUC was observed

or circulating AIM concentration at the day of hospital admission

0.90, 95% confidence interval [CI], 0.83–0.96). The AUC for PCT and

RP were, respectively 0.81 (95% CI, 0.71–90) and 0.73 (95% CI,

.62–0.85). An AIM threshold of ≥430 ng/mL discriminated bac-

erial infection from influenza with a sensitivity of 80.6% (95% CI,

2.5% −92.5%) and specificity of 84.3% (95% CI, 71.4%–93.0%). 

The second cohort study included 39 CAP patients with pure

OVID-19 infection and 47 CAP patients with pure bacterial in-

ection ( Table 1 ). There were no significance differences in demo-

raphics, chronic comorbidities, severity of illness, and in-hospital

orbidity and mortality between bacterial group and COVID-19

roup. With regard to circulating AIM as shown in Fig. 1 C, AIM

oncentrations were significantly higher in bacterial infection com-

ared to COVID-19. Analysis of AUC [95% CI] showed that serum

IM concentration (0.97 [95% CI, 0.95–1.00]) robustly discriminated

acterial infection from COVID-19 in the patients with CAP on day

f hospital admission ( Fig. 1 D). 

PCT-guided therapy has successfully reduced antibiotics in se-

ected populations of patients with respiratory infections. 7 , 8 How-
eserved. 

https://doi.org/10.1016/j.jinf.2021.12.027
http://www.ScienceDirect.com
http://www.elsevier.com/locate/jinf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2021.12.027&domain=pdf
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Fig. 1. Circulating AIM in adults hospitalized with community-acquired pneumonia and its utility to differentiate bacteria from influenza or COVID-19. (A) Levels of AIM in 

the serum from 51 CAP patients with pure bacterial infection, 31 CAP patients with pure influenza, and 62 healthy volunteers. Horizontal bars represent median values, and 

dots represent individual participants. P < 0.01 when compared between groups denoted by horizontal bracket (Mann–Whitney U test). (B) Receiver operating characteristics 

curve for serum AIM, PCT and CRP in differentiating between bacterial infection and influenza in adults hospitalized with community-acquired pneumonia. AUC were 0.90 

(95% CI, 0.83 to 0.96) for AIM, 0.81 (95% CI, 0.71 to 0.90) for PCT, and 0.73 (95% CI, 0.62 to 0.85) for CRP. Diagnostic test characteristics of AIM at selected cut-points 

(368 ng/ml, 430 ng/ml, 567 ng/ml) are displayed below. (C) Levels of AIM in the serum from 47 CAP patients with pure bacterial infection, 39 CAP patients with COVID- 

19, and 51 healthy volunteers. Horizontal bars represent median values, and dots represent individual participants. P < 0.01 when compared between groups denoted by 

horizontal bracket (Mann–Whitney U test). (D) Receiver operating characteristics curve for serum AIM in differentiating between bacterial infection and COVID-19 in adults 

hospitalized with community-acquired pneumonia. AUC were 0.97 (95% CI, 0.95 to 1.00) for AIM. Abbreviations: AIM = apoptosis inhibitor of macrophage; AUC = area under 

the receiver operating characteristics curve; CI = confidence interval; COVID-19 = coronavirus disease 19; CRP = C-reactive protein; LR = likelihood ratio; PCT = procalcitonin. 

Fig. 1. Continued 
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Table 1. 

Clinical characteristics of the study population. 

Characteristic 

2017–2019 cohort 2020–2021 cohort 

Bacterial ( n = 51) Influenza ( n = 31) Healthy ( n = 62) P value Bacterial ( n = 47) COVID-19 ( n = 39) Healthy ( n = 51) P value 

Demographic 

Age, median (IQR) 58 (49–71) 49 (35–67) 52 (38–69) 0.09 61 (44–77) 55 (33–74) 52 (36–71) 0.11 

Female, n (%) 17 (33.3) 15 (48.1) 19 (30.6) 0.25 18 (38.3) 18 (46.1) 23 (45.1) 0.55 

BMI, median (IQR) 27.6 (22.1–36.5) 24.0 (22.9–27.5) 22.6 (21.1–24.3) 0.37 25.9 (21.5–31.6) 24.9 (21.5–27.7) 22.9 (20.4–24.0) 0.76 

Temp, median (IQR) 38.3 (37.7–39.3) 38.0 (37.4–39.0) 36.4 (36.0–36.9) 0.21 38.3 (37.6–39.4) 38.2 (37.7–39.2) 36.4 (36.0–36.9) 0.81 

Chronic Comorbidities, 

n (%) 

Asthma 7 (13.7) 4 (12.9) 0 (0) 0.99 5 (10.6) 4 (10.2) 0 (0) > 0.99 

COPD 5 (9.8) 3 (9.7) 0 (0) > 0.99 4 (8.5) 2 (5.1) 0 (0) 0.38 

Diabetes 14 (27.4) 7 (22.6) 0 (0) 0.80 15 (31.9) 10 (25.6) 0 (0) 0.12 

Hypertension 7 (13.7) 5 (16.1) 0 (0) 0.75 5 (10.6) 6 (15.4) 0 (0) 0.54 

Heart failure 2 (3.9) 2 (6.5) 0 (0) 0.14 1 (2.1) 2 (5.1) 0 (0) 0.09 

Kidney disease 4 (7.8) 2 (6.6) 0 (0) 0.88 4 (8.5) 2 (5.1) 0 (0) 0.10 

Liver disease 3 (5.9) 2 (6.5) 0 (0) 0.99 3 (6.4) 2 (5.1) 0 (0) 0.63 

Neurological disease 2 (3.9) 0 (0) 0 (0) 0.11 1 (2.1) 0 (0) 0 (0) 0.89 

Laboratory values, 

median (IQR) 

WBC (10 9 /L) 15 (8–21) 8 (5–12) 6 (5–8) < 0.01 14 (6–19) 9 (5–12) 6 (4–9) < 0.01 

Neutrophils (10 9 /L) 8 (5–15) 5 (2–10) 3 (2–5) < 0.01 8 (4–13) 6 (4–9) 3 (2–5) < 0.01 

Lymphocytes (10 9 /L) 3 (2–5) 1 (0.6–1.5) 2 (1.5–2.5) < 0.01 3 (2–5) 0.8 (0.6–1.1) 2 (1.5–2.5) < 0.01 

CRP (mg/L) 79 (47–350) 55 (18–168) NA 0.01 70 (51–220) 15 (4–120) NA < 0.01 

PCT (ng/ml) 1.1 (0.1–8.1) 0.6 (0.02–2.9) NA < 0.01 0.9 (0.3–6.1) 0.05 (0.02–0.34) NA < 0.01 

Severity of illness, 

median (IQR) 

SOFA 5 (3–10) 4 (2–8) NA 0.57 6 (2–9) 4 (2–10) NA 0.22 

APACHE II 14 (8–24) 10 (6–19) NA 0.06 12 (5–22) 9 (3–19) NA 0.05 

In-hospital morbidity, n 

(%) 

Shock 7 (13.7) 3 (9.7) NA 0.18 3 (6.3) 1 (2.6) NA 0.19 

Mechanical ventilation 10 (19.6) 5 (16.1) NA 0.39 6 (12.8) 4 (10.2) NA 0.46 

In-hospital mortality, 

n(%) 

6 (11.8) 3 (9.7) NA 0.40 2 (4.3) 0 (0) NA 0.14 

Bacterial etiology, n (%) 

S.aureus 12 (23.5) 0 (0) NA NA 10 (21.3) 0 (0) NA NA 

P.aeruginosa 10 (19.6) 0 (0) NA NA 11 (23.4) 0 (0) NA NA 

H.influenzae 9 (17.6) 0 (0) NA NA 7 (14.9) 0 (0) NA NA 

E.coli 8 (15.7) 0 (0) NA NA 8 (17.0) 0 (0) NA NA 

S.pneumoniae 6 (11.8) 0 (0) NA NA 6 (12.8) 0 (0) NA NA 

K.pneumoniae 5 (9.8) 0 (0) NA NA 4 (8.5) 0 (0) NA NA 

M.catarrhalis 3 (5.9) 0 (0) NA NA 3 (6.4) 0 (0) NA NA 

S.pyogenes 3 (5.9) 0 (0) NA NA 3 (6.4) 0 (0) NA NA 

Serratia 1 (2.0) 0 (0) NA NA 0 (0) 0 (0) NA NA 

Viral etiology, n (%) 

Influenza 0 (0) 31 (100) NA NA 0 (0) 0 (0) NA NA 

COVID-19 NA NA NA NA 0 (0) 39 (100) NA NA 

Definition of abbreviations: APACHE II = acute physiology and chronic health evaluation II; BMI = body mass index; COPD = chronic obstructive pulmonary disease; COVID- 

19 = coronavirus disease 2019; CRP = C-reactive protein; NA = not applicable; PCT = procalcitonin; SOFA = sequential organ failure assessment; Temp = temperature; WBC = 

white blood cell. 

Differences in continuous variables were estimated using the Mann–Whitney U test. Differences in categorical variables were calculated using the Fisher’s exact or the 

Chi square test as appropriate. P values indicate differences between bacterial and influenza or COVID-19 group. P < 0.05 was considered statistically significant. 
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ver, some individual patients with bacterial pathogens did present

o the hospital with low PCT levels, 7 and severe respiratory viral

nfection could induce PCT in the absence of bacterial pneumonia. 9 

herefore, clinicians cannot rely on PCT alone to guide antibiotic

reatment decisions. 

Our present findings are evidence of the value and accuracy of

 rapid test for AIM in the blood to predict bacterial versus viral

nfection in the patients with CAP during influenza or COVID-19

pidemic. Higher levels of serum AIM at hospital admission were

ssociated with increased probability of bacterial infections, sug-

esting suggest that AIM might be a useful adjunct in the etiologic

ssessment of patients hospitalized with CAP. Further study is re-

uired to evaluate its clinical utility in a larger cohort of pneumo-

ia patients with suspected and proven infections. 
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This study was carried out according to the principles of the
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n the study. 
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ear Editor, 

The SARS-CoV-2 Delta (B.617.2) variant has rapidly replaced the

lpha variant to become dominant in many European countries in-

luding Spain 

1 . The Delta variant, which accumulates several Spike

S) mutations that increase virus binding to ACE2 (i.e. L452R and

681R), appears to outperform Alpha in terms of replication ef-

ciency in the respiratory tract, 2 allegedly resulting in higher vi-

al loads and enhanced transmissibility. 3 , 4 Interestingly, Ong et al. 5 

n a cohort of adults among which Delta variant cases were un-

errepresented (8%), reported comparable SARS-CoV-2 Delta and

lpha RNA loads in nasopharyngeal specimens (NP) at the time

f SARS-CoV-2 infection RT-PCR diagnosis. This observation clearly

ontrasts with data reported in other studies 9 6–9 which consis-

ently show higher viral RNA loads for the Delta variant in the

pper respiratory tract. None of the above studies 9 6–9 seemingly

atched participants infected with the Delta or Alpha variant for

resence of one or more of the following parameters, all with a po-

ential impact on results: presence or absence of COVID-19 symp-

oms, demographics, time to testing from symptoms onset (or in-

ex case contact in asymptomatic subjects) or vaccination status.

o gain further insight into this issue, we conducted a retrospec-

ive, observational study with a convenience sample of 545 par-

icipants of whom 295 (149 male; 231, adults; median age, 39

ears; range, 1–93) and 250 (125 male; 128 adults; median age 22

ears; range, 0–96) had been infected by the Alpha and Delta vari-

nts, respectively, as documented by whole-genome sequencing, 10 

ariant-specific RT-PCR (SARS-CoV-2 PCR Variant, Ascires, Sistemas

enómicos, Valencia, Spain), or inferred by S-gene target failure

SGTF) in the RT-PCR for the Alpha variant. 10 All cases due to

he Alpha variant occurred in unvaccinated participants between

ebruary-May 2021, whereas 51/250 represented SARS-CoV-2 Delta

reakthrough infections in fully vaccinated adults (diagnosed at

east after 15 days after vaccine schedule completion) between

ay and July 2021. The study was approved by the INCLIVA Re-

earch Ethics Committee, and informed consent was waived due to

ts retrospective nature. SARS-CoV-2 RNA viral loads in NP were es-

imated by using the TaqPath COVID-19 Combo Kit (Thermo Fisher

cientific, MS, USA) calibrated to the AMPLIRUN® TOTAL SARS-

oV-2 RNA Control (Vircell SA, Granada, Spain). 10 

We initially compared NP viral RNA loads in COVID-19 non-

accinated individuals stratified by age (children, ≤18 years/adults)

nd time since symptoms onset (arbitrarily defined as 0–2, 3–7, or

8 days). As shown in Fig. 1 , a trend towards higher viral RNA

oads was seen for the Delta variant in both adults and children

ithin 2 days after symptoms onset ( P = 0.27 and P = 0.26, re-

pectively), but not afterwards. Nonetheless, a wide range of vi-

al RNA loads (3.- ≥ 11.0 log 10 copies/ml) was observed in indi-

iduals in comparison groups. In participants asymptomatic at the

ime of RT-PCT testing, SARS-CoV-2 RNA loads were notably higher

or the Delta than the Alpha variant, in both adults (median, 1.5

og 10 higher) and children (median, 1.7 log 10 higher) ( P = 0.08 and

 = 0.01, respectively). 

Note that asymptomatic individuals in comparison groups were

atched for time elapsed from diagnosis of the index case to

T-PCR testing (within 7 days, as per protocol). Unfortunately, no

ata were available regarding as to how asymptomatic infections

volved over time. 

As can be seen in Fig. 2 , the slope of the regression line best fit-

ing SARS-CoV-2 RNA load decay in COVID-19 patients was slightly

igher overall for the Delta than for the Alpha variant, irrespective

f participant age (not shown). Although speculative, the above
NA viral loads of SARS-CoV-2 Alpha and Delta variants in 

asopharyngeal specimens at diagnosis stratified by age, 

linical presentation and vaccination status 
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Fig. 1. Initial SARS-CoV-2 RNA loads in nasopharyngeal specimens from unvaccinated individuals infected by either Alpha (B.1.1.7) or Delta (B.1.617.2) variants. The Alpha 

lineage was confirmed by whole-genome sequencing in 108 cases, whereas in the remaining 230 it was inferred by S-gene target failure (SGTF) in the RT-PCR, as more than 

95% of SGTFs detected in the Clínico-Malvarrosa Health Department belonged to that lineage within the timeframe of specimen collection (not shown). The Delta lineage 

was confirmed by whole-genome sequencing ( n = 138) or variant-specific RT-PCR ( n = 61). Whisker-plots of SARS-CoV-2 RNA loads in NP by time of sampling relative 

to symptoms onset are displayed separately for adults (A) and children (B). Whisker-plots of SARS-CoV-2 RNA loads in NP for asymptomatic participants are also shown 

separately for adults (C) and children (D). P values are shown for comparisons across groups. 

Fig. 2. Linear regression analysis of initial SARS-CoV-2 RNA loads from individuals infected with COVID by the Delta (A) and Alpha (B) variants according to time of sampling 

since symptoms onset. Regression lines best fitting SARS-CoV-2 RNA load decay are depicted. 
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h  
ata could be interpreted as suggesting that peak viral load in NP

ay be reached earlier in individuals infected by the Delta variant

han the Alpha variant: even before symptoms onset, which favors

ncreased transmissibility. In our view the data did not support a

ore extended period of viral shedding in the upper respiratory

ract for the Delta variant, as previously suggested. 7 
We next compared SARS-CoV-2 Delta RNA loads in NP from

on-vaccinated ( n = 128) and fully vaccinated adults ( n = 51) with

omirnaty® ( n = 27), Spikevax® ( n = 9), Janssen® ( n = 10), or

axzebria® ( n = 5). Time since full-dose vaccination was 51 days

range, 14 – 177). Overall, SARS-CoV-2 RNA load was found to be

igher in non-vaccinated ( n = 128; median, 8.1 log copies/ml;
10 
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range, 3.4–11.6) than vaccinated individuals ( n = 51; median, 7.8

log 10 copies/ml; range 3.0–11.2), although without reaching sta-

tistical significance ( P = 0.31). When considering patients with

COVID-19 for the analysis (matched for time since symptoms on-

set: median, 3 days in both groups), a clear trend ( P = 0.12) to-

wards higher viral RNA loads was observed in non-vaccinated in-

dividuals (8.1 log 10 copies/ml; range, 3.3–11.6) compared with vac-

cinated participants (median, 7.4 log 10 copies/ml; range, 3.3–11.2). 

In contrast, asymptomatic vaccinated and unvaccinated individ-

uals displayed rather similar viral RNA loads (median, 8.7 log 10 

copies/ml; range, 3–0–10.9, and median, 8.4 log 10 copies/ml; range,

4.0–10.6; P = 0.85). Vaccinated and unvaccinated participants were

matched for sex ( P = 0.1, but not age, P = < 0.01). Contradic-

tory data 9 , 8 have been published on this issue, which are likely

explained by between-study differences regarding time of RT-PCR

testing. 

Finally, we showed that initial SARS-CoV-2 RNA loads in NP for

the prototypical B.1.617.2 variant ( n = 138) and recently emerged

subvariants ( n = 47; AY.4, n = 29, AY.12, n = 9, AY.5, n = 5, AY.9,

n = 3 and AY.3, n = 1) were quite similar when considered in

combination (median, 8.7 log10 copies/ml; range, 4.6–11.6 vs. me-

dian, 8.4 log10 copies/ml; range, 4.0–12.1; P = 0.20). Comparison

groups were matched for sex ( P = 0.61), age ( P = 0.34), develop-

ment of COVID-19 ( P = 0.44), time to NP sampling for both symp-

tomatic and asymptomatic cases ( P = 0.80) and vaccination status

( P = 0.20). Of note, no B.1.617.2 subvariants seemed to carry addi-

tional spike mutations (K417N, Y145H and A222V) than might con-

fer partial resistance to vaccine-elicited neutralizing antibodies. In

summary, we found substantially higher NP initial viral loads for

the Delta than the Alpha variant, in particular during the asymp-

tomatic phase of the infection. Together with the overall lack of

significant differences observed between viral loads in vaccinated

and unvaccinated Delta-infected participants, this may help explain

the epidemiological behavior of the Delta variant. 
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ear Editor, 

Coronavirus disease (COVID-19) is caused by the severe acute

espiratory syndrome coronavirus (SARS-CoV-2). The WHO classi-

ed it a worldwide pandemic. COVID-19, a new virus, has been

dentified in 221 developing and developed nations. 1 , 2 Globally,

here are 239,973,250 confirmed COVID-19 cases, 4890,002 deaths,

nd 217,312,219 recovered cases. In Pakistan, the overall number of

onfirmed cases has reached 1,261,685, with 28,201 fatalities. 

Dengue outbreaks have occurred frequently in Pakistan during

he previous three decades, perpetuating dengue endemicity. The

urrent COVID-19 pandemic coincides with an outbreak of dengue

ever, a viral infection caused by Aedes albopictus and Aedes aegypti

osquito vectors that pose a substantial threat to human health.

s a result of the COVID-19 pandemic, dengue-endemic countries

n Latin America and Southeast Asia have a heightened risk of in-

ection overlap. 3 Each year, more than a hundred countries face a

andemic burden of 50 million dengue cases. 4 Dengue fever was

erified in 132,977 cases and 588 deaths in Pakistan over the previ-

us decade, according to the Ministry of National Health Services. 5 

n Pakistan, confirmed dengue pandemic cases were 52,485 in

019, including 91 deaths and 4024 in 2020. 6 During the COVID-19

andemic of 2021, just 2875 cases were reported until September,

ith 678 occurring in Lahore, the capital of Punjab Province. Dur-

ng the rainy season, dengue disease is growing rapidly in Lahore.

he number of actual dengue cases may be higher than reported in

he literature, as many of the patients were asymptomatic. Dengue

nfection and COVID-19 are co-related by laboratory features and

linical demonstration, which can lead to misdiagnosis. Patients

o-infected with dengue and COVID-19 show initial symptoms like

ash, high fever, and headache, while as diseases progress, the

ymptoms can be distinguished separately. There is an increase in

engue cases in Pakistan because COVID-19 hype has diverted fo-

us and led to a lack of supervision. 7 Dengue cases normally start

o appear post monsoon season and are highest in September and

ctober in Pakistan. Since last year dengue cases have been occur-

ing along with COVID cases, and even co-infection can be seen in

ertain patients like other dengue-endemic countries, for example,

outh East Asia, Brazil, Thailand, India, France, and Malaysia. 

The co-infection of COVID-19 and dengue cases reported in

ingapore had similar symptoms of headache and high fever. In

akistan, cases of co-infection have been reported, and a study

howed that patients suffering from dengue and COVID-19 have

ore mortality rate than patients who only have COVID-19. 8 Sim-

larly, COVID-19 mono-infected patients have different biochemi-

al and hematological parameters than those who are co-infected.

or example, co-infected patients suffered from severe thrombocy-

openia while mono-infected patients did not. There was also an

ncrease in creatine phosphokinase, urea, prothrombin time, cre-

tinine, alanine aminotransferase, and bilirubin concentrations in

o-infected patients. 9 

Since 2010, Pakistan has been witnessing a dengue fever out-

reak, which has resulted in 16 580 confirmed cases and 257 fa-

alities in Lahore, and almost 50 0 0 cases and 60 deaths in the

est of the nation. Khyber Pakhtunkhwa, Punjab, and Sindh are

he three provinces affected by the disease 1 . Dengue fever is na-

ive to Balochistan’s coastal regions but has historically been more

revalent in Khyber Pakhtunkhwa Province. Pakistani authorities

ecorded 3442 dengue fever cases in 2017, almost 3200 in 2018,

bout 24,547 in 2019, and 3442 in 2020. 2 In the first half of the

ear, more than 820 reported cases have been reported, with 687

f those occurring in Lahore. In 2019, more than 8670 instances
OVID-19 and alarming dengue co-epidemics in the 

ilapidated healthcare system in Pakistan: Where to 

ocus! 
ith a total of over 50,0 0 0 were recorded in Punjab. 3 During the

esearch period (2006–2017), 2011 was Pakistan’s most destructive

ear. In a single year, Lahore had almost 17,0 0 0 confirmed cases

nd 290 fatalities. 4 Between 1995 and 2019, over 147 200 dengue

llness cases and over 800 fatalities. 5 As of September 30, 2021,

he total number of confirmed dengue cases in Lahore has reached

180. 6 On November 6, 2019, the country’s dengue outbreak hit a

ew record, with over 44,0 0 0 individuals afflicted and 66 deaths.

n 2011, 27,0 0 0 individuals were infected, yet the illness claimed

early six times as many lives as in 2019, when 370 people died. 9 

ccording to the Ministry of National Health Services, Regulations,

nd Coordination, the number of dengue cases increased about 15-

old from 3204 cases in 2018 to 47,120 cases in 2019, although

he true figure is expected to be considerably higher. Similarly,

16 confirmed dengue cases had been reported considerably ear-

ier in 2020, during the post-monsoon months. 7 , 9 There is a like-

ihood of an increase in dengue cases due to the COVID-19 lock-

own; people remain at home to avoid contracting the fatal virus,

nd dengue vector mosquitos are bred in the clean waters of home

ardens. Even if they get fever due to dengue, many are afraid

o contact a physician for fear of contracting COVID-19. 10 In a

tudy by Siddique A. at Islamabad’s Holy Family Hospital, 20 pa-

ients admitted to the intensive care unit with severe respiratory

isorders were sent to the virology department for real-time re-

erse transcription-polymerase chain reaction (RT-PCR) diagnosis.

ll twenty patients tested positive for COVID-19, and five were co-

nfected with dengue and COVID-19. Fever was seen in 100% of

o-infected individuals and in 80% of mono-infected patients. Both

roups had low lymphocyte, neutrophil, platelet, and white blood

ell counts and concentrations. Mono-infected patients survived,

hile 60% of co-infected individuals did not, indicating a greater

eath risk in co-infected patients. 9 A developing countries like Pak-

stan having deteriorated health system two pandemics co-existing

s a great threat, especially dengue infection that emerges and re-

merges every few years. Healthcare authorities should take the

ecessary measures against the spread of epidemics like COVID-19

nd dengue and spread awareness about their co-existence in one

atient to restrain the exposure and transmission ways. 
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Dear Editor 

A recent article in this Journal has reported that wild bird-

origin H5N6 avian influenza virus show transmission ability in

mammalian host. 1 Actually, wild birds play an essential role in

the emergence, evolution and spread of zoonotic avian influenza

viruses. For example, many novel emerged human infected H7N9,

H7N4, H10N8 virus were closely related to wild bird-origin in-

fluenza virus. 2–4 Wild birds form a large gene pool for influenza A

viruses in nature, such that 16 HA and 9 NA subtypes can be found

in this reservoir. 5 Among them, H3N8 virus was one of the most

commonly found subtype in wild birds. 6 Moreover, sporadic cross-

species transmission events of the H3N8 influenza virus have been

reported for various species such as pigs, dogs, horses, seals and

donkeys. 7–9 This suggests that H3N8 virus can easily cross species

barriers and may pose a potential threat to animal and human

health and has the potential to trigger the epidemic of virus in the

population. 

To investigate the viral evolution in wild bird reservoirs, we

undertook surveillance in Xinjiang Province, China, from 2017 to

2020 along East Africa-West Asia migratory bird flyway. Totall y

38 of 592 fecal sample collected were positive for influenza virus.

Then the viral RNAs of these positive samples were extracted and

the reverse transcription was subsequently carried out using the

and subtype was determined using PCR. One sample isolated from

a mallard duck was identified as H3N8 and designated A/Wide

Bird/Ebinur Lake-xinjiang/47/2017(H3N8)(XJ47). 

Each segment of this sample was amplified according to Hoff-

mann’s approach. 10 The amplified products were sequenced and

phylogenetic analysis was performed. Phylogenetic analysis of the
9. Saddique A. , Rana M.S. , Alam M.M. , Ikram A. , Usman M. , Salman M. ,
et al. Emergence of co-infection of COVID-19 and dengue: a serious pub-

lic health threat. J Infect 2020; 81 (6):e16–ee8 PubMed PMID: 32800797. Epub
2020/08/12. eng . 

10. Nacher M. , Douine M. , Gaillet M. , Flamand C. , Rousset D. , Rousseau C. , et al. Si-
multaneous dengue and COVID-19 epidemics: difficult days ahead? PLoS Negl

Trop Dis 2020; 14 (8):e0 0 08426 . 
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Wild bird-origin H3N8 avian influenza virus exhibit well 

adaptation in mammalian host 
A gene showed that this virus belong to the Eurasian lineage

nd markedly distinct from classical equine influenza virus lin-

age and North American avian influenza virus lineage(Fig. S1).A

LAST search in the GenBank database demonstrated a high nu-

leotide identity of the XJ47 virus with multiple subtypes circulat-

ng in wild and domestic birds in Asian countries ( Table 1 ). Both

he HA and NA gene of the XJ47 virus were closest to that of

/duck/Mongolia /179/2015(H3N8), with 98.07% and 99.36% iden-

ity, respectively. This genetic relationship indicates that the sur-

ace genes of H3N8 virus might have been introduced from Mon-

olia through long-term migration of wild birds. Whereas, the in-

ernal genes of the XJ47 virus were most closely related to other

ubtypes from other countries ( Table 1 ). These indicated that XJ47

irus is a novel reassortant H3N8 virus through the complex reas-

ortment of multiple AIV subtypes in the wild bird population. 

The amino acid residues at the cleavage site (340–348) of the

A molecule are PEKQTR ↓ GLF with one basic amino acid, which is

haracteristic of low pathogenic AIV. And the amino acid residues

t the receptor binding site in the HA protein are Q226 and G228,

hich preferentially bind to an avian-origin receptor.None of the

ubstitutions for mammalian adaptation in PB2 such as A588V,

590S, Q591R, E627 K or D701N 

11 , 12 were found. However, several

utative mammalian adaptive mutation in PB1, PA was occurred in

his H3N8 virus(1 mutation in PB1 protein and 5 mutations in PA

rotein)(Table S1). 

The switch of receptor binding specificity from a2,3-linked to

2,6-linked salid acid is a critical determinant for avian influenza

ain the cross-species transmission to human. Subsequently the

eceptor-binding specificity of the XJ47 virus was determined by

A assays with chicken red blood cells treated with or without

2,3 sialidase. The similar HA titers demonstrated that the virus

an bind to both avian-type and human-type receptors ( Fig. 1 A). 

Finally, to evaluate the pathogenicity of the virus to mammals,

alb/c mice were intranasally inoculated with XJ47 virus at a dose

f 10 6 EID 50 , weight loss was monitored for 14 dp.i. and viral titres

n lungs and nasal turbinate tissues were determined on days 3

nd 5 dp.i. The result suggested that XJ47 virus caused significant

eight loss (15%) compared with uninfected control ( Fig. 1 B) and

he virus could be detected in the lung and nasal turbinate tissues

f infected mice ( Fig. 1 C,D). These results indicated that the H3N8

irus Xj47 obtain the replication ability and exhibit pathogenicity

o mammalian host species. 

In summary, this study has demonstrated that a novel reassor-

ant avian influenza A(H3N8) virus XJ47 isolated from wild birds

btained enhanced α2,6 receptor binding and exhibited a well

daptation in mammals. It may pose a potential threat to animal

nd human health and inform us that continuous surveillance of

he avian influenza virus,especially the H3 subtype of AIV circulat-

ng in wild bird reservoirs is warranted. 
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Table 1 

Nucleotide sequence identities between the H3N8 virus XJ47 and the closest homologs in the GenBank database. 

Gene Virus GenBank accession no. Subtype Identity(%) 

HA A/duck/Mongolia/179/2015 LC121310 H3N8 98.07 

NA A/duck/Mongolia/179/2015 LC121310 H3N8 99.36 

PB2 A/duck/Mongolia/769/2015 LC121449 H4N6 100 

PB1 A/Mallard/Ukraine/Kurganskoe-7–16–11/2011 MW132991 H2N3 97.76 

PA A/aquatic bird/South Korea/sw003/2016 MG770151 H1N1 98.23 

NP A/duck/Bangladesh/34,192/2017 MH791548 H3N1 98.60 

M A/duck/Hubei/ZYSYG1/2015 KY415650 H6N2 99.60 

NS A/duck/Assam/DUOR151210 0 030/2015 MT272393 H3N8 98.99 

Fig. 1. Agglutination activity and pathogenicity of the wild bird-origin H3N8 virus in mice. (A) Agglutination activities of the H3N8 virus with chicken erythrocytes treated 

with or without α2,3 sialidase.(B)Body weight change differences between mice inoculated with XJ47 virus and PBS, and viral titers from lung(C) and nasal turbinate 

tissues(D) of mice were determined after infected with the XJ47 virus at 3 dpi and 5dpi.To evaluate the pathogenicity of avian H3N8 viruses, group of 10 6–8-week-old 

BALB/c mice were inoculated with 50 μL of 10 6 EID 50 of the H3N8 virus and weight loss was monitored for 14 dp.i. At 3 and 5 dp.i., lungs and nasal turbinate tissues were 

collected from three mice per group and viral titres were determined in homogenates by EID 50 analysis. Data are given as mean ± standard deviations (SDs). The dashed 

lines indicate the lower limit of detection. 
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Dear Editor, 

This journal has previously published commentaries on the

consequences and severity of coronavirus disease 2019 (COVID-19)

and the urgent need for novel therapy 1 . The epidemic of COVID-19

has posed a great threat to many aspects including human health

and the global economy. However, there is still no effective strat-

egy to combat this disease caused by severe acute respiratory syn-

drome coronavirus 2 (SARS-CoV-2), and the number of infections

by this virus is still increasing, as recorded in an online website:

https://www.worldometers.info/ . It is reported that spike (S) pro-

tein is the main player of SARS-CoV-2 invasion into the host, and

its structure can be divided into two domains (S1 and S2) that

perform different functions 2 . The S1 domain mainly promotes the

binding of SARS-CoV-2 to the host through the interaction between

its receptor binding domain (RBD) and angiotensin-converting en-

zyme 2 (ACE2), and the interaction mechanism between RBD and

ACE2 has been discussed in detail 3 , 4 . After the binding of S1 do-

main to ACE2, the S2 domain will initiate the fusion of the viral

and host cell membranes. During this fusion process, the trimeric

heptad repeat 1 (HR1) region of S2 domain will interact with the

trimeric heptad repeat 2 (HR2) region of S2 domain to form a sta-

ble six-helix bundle (6-HB) structure to facilitate the close prox-

imity of the membrane 5 . The 6-HB core plays a crucial role in the

membrane fusion of the coronavirus and the host. In addition, HR1,

HR2 and their interaction mode are conserved in various coron-

aviruses. Thus, HR1 and HR2 are considered to be promising tar-

gets for the development of fusion inhibitors against coronaviruses.

Recently, Xia et al. have proved that the fusion inhibitor EK1 has

inhibitory activity against SARS-CoV-2, and it can inhibit the for-

mation of 6-HB fusion core, thereby hindering the fusion of viral

and host cell membranes 5 , 6 . The confirmation of this inhibitor pro-

vides novel ideas and insights for the future design of inhibitors

against SARS-CoV-2. 

Our focus here is to enhance the inhibition ability of EK1

through further optimization, and the binding affinity of the newly

optimized inhibitors to HR1 domain of SARS-CoV-2 is stronger
12. Schrauwen E.J. , Fouchier R.A. . Host adaptation and transmission of influenza a
viruses in mammals. Emerg Microbes Infect 2014; 3 (2):e9 . 
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EK1 with dual Q1004E/N1006I mutation: a promising 

fusion inhibitor for the HR1 domain of SARS-CoV-2 
han that of EK1 to HR1. On the basis of the inhibitor EK1, we con-

ucted a comprehensive screening of potential inhibitors for the

R1 domain of SARS-CoV-2 through a combination of residue mu-

ation, molecular dynamics (MD) simulation and binding energy

alculation. 

The trimeric structure of HR1-EK1 complex was acquired from

he protein data bank (PDB ID: 7C53), as shown in Fig. 1 A. The in-

ibitor EK1 is displayed in cartoon mode, and three EK1s in the

rimer are represented by chains A, B and C, respectively. To ex-

lore the mutant residues that can enhance the binding affinity of

K1 to HR1, all the residues on EK1 in the trimer were mutated to

9 residues other than itself, and the changes in binding affinity re-

ulting from 1824 possible mutations were preliminarily predicted

y mCSM-PPI2 7 ( Fig. 1 B). Among these mutations, the mutations

1004E and Q1004D in chain A, Q1004E and Q1004D in chain B,

nd Q1004Y and N1006I in chain C could more significantly en-

ance the binding ability of EK1 to HR1, resulting in an increase

n binding affinity by more than 1 kcal/mol. Although the perfor-

ance of mCSM-PPI2 is better than that of previously developed

ools including FoldX, mCSM-PPI2 still has certain shortcomings.

or example, it can only predict single mutation, not multiple mu-

ations. In the following work, the binding properties of trimeric

R1 to EK1s with single mutation (Q1004E, Q1004D, Q1004Y and

1006I) and dual mutation (Q10 04E/N10 06I, Q10 04D/N10 06I and

1004Y/N1006I) were deeply analysed to overcome this problem. 

MD simulation has been proven to be an effective tool for ex-

loring the binding properties of receptors and ligands 8 , 9 . MD sim-

lations of the above complexes were performed mainly by the fol-

owing steps: (1) preparing the system, including adding hydrogen

toms and counterions, and setting the force field; (2) performing

ptimization, heating and dynamic equilibrium; (3) running long-

ime (200 ns) MD simulations without any restrictions. Through

oot mean square deviation (RMSD) analysis, it is found that all

ystems have reached equilibrium after 120 ns MD simulations,

nd their RMSD values are basically less than 2.5 Å, indicating that

ll systems are already in a stable state and can be used for sub-

equent calculations ( Fig. 1 C). 

To investigate the binding ability of the wild-type (WT)/mutant

K1s to HR1, molecular mechanics Poisson-Boltzmann surface area

MM-PBSA) and solvated interaction energy (SIE) methods were

elected to predict the binding free energy ( �G) between them.

irst, 10,0 0 0 conformations were extracted from the equilibrium

D trajectory with a conformation interval of 1 frame for cal-

ulation. From the calculated results of the MM-PBSA method

 Fig. 1 D), it can be seen that all the selected single mutations

Q1004E, Q1004D, Q1004Y and N1006I) on EK1s can enhance the

inding affinity of EK1 to HR1, which is consistent with the pre-

icted results of mCSM-PPI2. Notably, the binding affinity of the

utant EK1s with dual mutation (Q1004E/N1006I, Q1004D/N1006I

nd Q1004Y/N1006I) to HR1 was also significantly enhanced com-

ared to that of WT EK1 to HR1, and the mutant EK1 with

1004E/N1006I showed the strongest binding ability to HR1. The

imilar results was also obtained by the SIE method ( Fig. 1 F).

ext, different conformational intervals were applied to calculate

he binding free energy to confirm these results ( Fig. 1 E and 1 G).

t is found that the mean of the binding free energies calcu-

ated at different intervals was largely consistent with the result

hown in the above figures ( Fig. 1 D and 1 F), which further sug-

ests that the selection of the conformation is reasonable. Finally,

he hotspot residues that promote the binding of WT/mutant EK1s

o HR1 were also found through free energy decomposition and

ierarchical clustering analyses ( Fig. 1 H). As shown in Fig. 1 H, all

K1s in the trimer have similar clustering results. According to

he energy contribution of each residue, the residues on EK1 are

ainly divided into three clusters ( a, b and c ), and the residues
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Fig. 1. Binding characteristics of WT/mutant EK1s to HR1. (A) The trimeric structure of HR1-EK1 complex, in which HR1 and inhibitor EK1 are shown in surface and cartoon 

modes, respectively. (B) Workflow for predicting mutations that may enhance the binding affinity of EK1 to HR1 by mCSM-PPI2. (C) The RMSD values of all complexes during 

the entire MD simulations. (D-G) The binding free energies between HR1 and the WT/mutant EK1s calculated by MM-PBSA (D and E) or SIE (F and G) method, in which 

the conformational interval used for calculation is 1 frame (D/F) or different frames (E/G). Dashed lines represent the mean of the calculated results at different intervals. 

(H) Hierarchical clustering tree for the energy contributions of individual residues. Orange and blue represent favorable and unfavorable energy contributions of residues, 

and white indicates the corresponding residues have no contribution to the binding. The energy contributions of residues on EK1s of WT, Q1004E, Q1004D, Q1004Y, N1006I, 

Q1004E/N1006I, Q1004D/N1006I and Q1004Y/N1006I mutants are arranged in order from the inside to the outside, as indicated by the blue arrow. 
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with higher energy contribution to the binding are mainly dis-

tributed in cluster b . 

Through the above analyses, it can be concluded that the mu-

tant EK1 with dual Q1004E/N1006I mutation is the most com-

petitive inhibitor among WT/mutant EK1s. Therefore, it may be

more effective than EK1 in combating SARS-CoV-2. Meanwhile, it

is found that twelve residues (L1002, I1005, V1007, F1009, L1010,

L1012, L1019, I1023, L1026, Y1030, I1031 and L1033) in cluster b are

the main contributors of WT/mutant EK1s binding to HR1, which

would be helpful to understand their inhibitory mechanisms. We

hope that the current study will promote the development of ef-

fective inhibitors targeting the conserved HR1 domain of SARS-

CoV-2. 
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ear Editor 

In December 2019, nearly a month before the traditional Chi-

ese Spring Festival, the first confirmed case of novel coronavirus

neumonia (subsequently named coronavirus disease, COVID-19)

ppeared in Wuhan, Hubei Province, China, and subsequently

pread to other cities with the flow of people during the Spring

estival. On January 20, 2020, after a field investigation in Wuhan,

hong Nanshan, head of the high-level expert group of the Na-

ional Health Commission of China (NHCC), confirmed that there

as human-to-human transmission of COVID-19 ( http://www.

inhuanet.com/politics/2020-01/20/c _ 1125487200.htm ), and subse-

uently the COVID-19 outbreak quickly became the focus of me-

ia worldwide, attracting widespread attention. 1–3 As of Decem-

er 6, 2021, COVID-19 had spread to about 207 countries with

65,194,191 cases reported worldwide. Some countries have expe-

ienced multiple epidemic waves. 4 Despite containment measures

aken by national authorities and the international community, the

OVID-19 pandemic remains severe. In order to effectively contain

he spread of the epidemic, the Chinese government has intro-

uced measures such as lockdown of cities at high risk of COVID-

9 epidemics, quarantine, nucleic acid screening, free COVID-19

reatment, mask wearing, regular disinfection, and COVID-19 vacci-

ation. 5 Due to the joint effort s of the Chinese government and the

hole nation, the COVID-19 epidemic in China has been gradually

ontained, with the number of large-area, concentrated outbreaks

ropping gradually. However, due to the high number of COVID-

9 cases worldwide and the approaching of the traditional Chinese

pring Festival, China still faces a risk of a recurrent COVID-19 epi-

emic, thereby making vigilance a necessity. 

We analyzed the number of confirmed cases and deaths of

OVID-19 in China in the past 1 year according to the COVID-19

ase data released by the World Health Organization (WHO), and

bserved that there were two distinct peaks of cases in China in

he past year, with the number of weekly confirmed cases be-

ng up to 1306 at the first peak and 4051 at the second peak

 Fig. 1 ). According to the data released on the National Health

ommission (NHS) website, we analyzed the geographical distri-

ution of confirmed cases in the past 1 year and observed that

egions with close international exchange and cooperation, such as

aiwan and Hong Kong, had a relatively high number of confirmed

ases (16,011 and 6223, respectively). Moreover, there was a rel-

tively high number of cases in border cities, such as the those

n Yunnan( 1 523), Heilongjiang ( 1 075) and Inner Mongolia (655);

s well as in coastal cities, such as Shanghai ( 1 552), Guangdong

 1 335), Jiangsu (939), and Fujian (836) ( Fig. 2 ), indicating that im-

ortation from outside the country is currently the main reason

or the increase of cases in China. The number of cases in some

ensely populated cities such as those in Hebei Province, Sichuan

rovince, and Henan Province were 1085, 471, and 348, respec-

ively, which were significantly higher than those in less densely

opulated areas such as those in Xinjiang (1) and Tibet (0) ( Fig. 2 ),
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Fig. 1. Number of new confirmed cases and deaths of COVID-19 in China from November 30, 2020 to December 6, 2021. The official statistics for all documented cases of 

COVID-19 in China were obtained from the WHO (https://covid19.who.int/region/wpro/country/cn). 

Fig. 2. Geographical distribution of confirmed cases of COVID-19 in China. A. Geographical distribution of current confirmed cases in China as of December 6, 2021; B. 

Cumulative number of confirmed cases in China from November 30, 2020 to December 6, 2021.The official statistics for all documented cases of COVID-19 throughout China 

were obtained from the NHS (http://www.nhc.gov.cn/xcs/xxgzbd/gzbd_index.shtml). 
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uggesting that dense population and high human flow are also

mportant reasons for the COVID-19 outbreaks. 

Although the epidemic has been effectively contained in China,

he country still faces several risk factors that could cause a recur-

ence of the epidemic around the time of the Spring Festival: (a)

he Spring Festival is a traditional festival in China, and most peo-

le reunite with their families during this period, which increases

he risk of epidemic spread; (b) the cold climate with low temper-

tures during the winter increases the risk of COVID-19 infection 

6 ;

c) the persistence of foreign epidemics and the fact that China is

 major importer/exporter country may result in imported infec-

ions; (d) the emergence of new mutant strains increases the dif-

culty of prevention and containment of COVID-19, and the orig-

nal vaccine may not achieve complete protection against emerg-

ng strains, 7 so booster vaccination is needed to maintain the level

f immunological protection in the population; (e) China has con-

inued to promote vaccination, and the current vaccination rate

as reached approximately 78%, but the majority of the population

ave not received a booster vaccination does against variant strains

nd the vaccination rate among children is low; (f) after the long

gainst the COVID-19 epidemic, vigilance among the general pub-

ic has waned, and mask-wearing and disinfection measures have

ecome less frequently observed. Given the above risk factors, it is

lear that care should be taken in China for preventing and con-

aining COVID-19 outbreaks. The government should be more vigi-

ant and should strengthen prevention and containment measures

or avoiding new COVID-19 outbreaks, while minimizing economic

osses. Additionally, other countries are encouraged to learn from

hina’s example of effective measures for COVID-19 prevention and

ontainment, so as to overcome the COVID-19 pandemic as soon as

ossible. 
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Dear Editor, 

Recent published study reported that angiotensin-converting

enzyme 2 (ACE2) of various mammals may contribute to cross-

species transmission of severe acute respiratory syndrome coron-

avirus 2 (SARS-CoV-2). 1 In fact, there is strong evidence that SARS-

CoV-2 is a zoonotic spillover from bats into human populations

through bridging hosts. 2 Therefore, ongoing investigation on pos-

sible intermediate hosts would facilitate understanding the mech-

anisms of cross-species transmission of SARS-CoV-2 with potential

benefits for the control of the coronavirus disease 2019 (COVID-19).

Notably, the receptor is the crucial host restrict factor in SARS-

CoV-2 infection. ACE2 is proved to serve as a primary factor for

the cellular entry of SARS-CoV-2, which may determine the host

tropism. 3 , 4 However, the low-abundance expression of ACE2 in hu-

man lung and trachea indicated that additional cellular mediators

may exist that promote cellular uptake of SARS-CoV-2. Recently re-

search demonstrated that the tyrosine-protein kinase receptor UFO

(AXL) is a novel candidate receptor, especially in the respiratory

system. 5 Since pigs as important livestock species and the huge

size of their global population, it is of great significance to re-

veal the putative susceptibility of swine to SARS-CoV-2. 6 Although

previous data suggested that porcine ACE2 could bind SARS-CoV-2

spike (S), 3 the interaction between porcine AXL and S that pre-

dict infection capacity is still unclear. Here, the amino acid (aa)
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Prediction analysis of porcine AXL protein as a potential 

receptor for SARS-CoV-2 
a  
equences of AXLs in different species containing the residues in-

erfacing with the N-terminal domain (NTD) of S were aligned

o screen the critical sites by ESPript 3.0 ( https://espript.ibcp.fr/

SPript/cgi-bin/ESPript.cgi ). According the structure of human AXL-

 NTD complex, P57–58, E59, H61, I68, E70, E85, F113, and G115 are

ocated in the interface and interact with S NTD. As illustrated in

ig. 1 A, the key residues of porcine AXL were consistent with those

f mink and ferret, which are efficiently infected with SARS-CoV-

, and showed weaker affinity characteristics than human AXL.

mong these sites, T61H and G85E substitutions may reduce the

inding affinities, while V68I and E115G mutations would not dis-

upt the formation of hydrogen bonds. 5 Specifically, G116H substi-

ution existing in hamster, mouse, mink, ferret, and pig AXLs result

n a new interaction on the interface, which may have little effect

n interfacial binding properties. The distribution of electrostatic

otential also confirmed that the more identical pattern in AXL-S

nterface between pig and ferret, which appears to be significantly

ifferent from mouse ( Fig. 1 B). In consequence, the local structural

ifference of AXLs among different species suggested that porcine

XL may exhibit the similar binding affinity with S NTD to those

f mink and ferret. 

Interestingly, the experimental infection results in two indepen-

ent studies did not support that pig is susceptible to SARS-CoV-

 infection, 7 , 8 in contrast to previous ACE2 results and the above

XL analysis associated with the spike-binding peculiarity. 1 , 3 Nev-

rtheless, several porcine cell lines are identified to be permis-

ive for SARS-CoV-2 infection. Owing to the limited pig breeds

nd numbers, age and health condition should been taken into

ccount in future study, 7 which may combine the pre-existing ill-

esses to develop typical COVID-19 symptoms. 9 In addition, SARS-

oV-2 possesses the largest RNA genome, and evolves quickly to

enerate genetic diversity. The newly emerging variants omicron

nd delta have stronger ACE2 binding affinity and higher contigu-

us than these predecessors, with the mild clinical manifestations.

o address the impact of the certain changes in S NTD of different

ARS-CoV-2 strains, comparative analysis of aa sequences was per-

ormed. The result in Fig. 2 uncovered that the key residues K147,

150, W152, R246, S247, P251, and S256 in the AXL-S NTD com-

lexes were unaltered, while multiple residue deletions and substi-

utes occurred in the same positions between two variants. More

mportantly, whether these aa differences would have an influence

n the ability of SARS-CoV-2 to cause COVID-19 related diseases

n pigs is urgently needed to be explored. Once the SARS-CoV-2

ariants enhance the infectivity and transmission in pigs, the out-

ome for evolution of zoonotic potential would become more un-

redictable and complicated when these variants are introduced

nto swine herds. 

In summary, alignment of AXL from different species and S NTD

f three representative SARS-CoV-2 strains would be conducive

o quest for the potential recipient hosts in zoonotic transmis-

ion. Considering pig as the dominant livestock and the idea hu-

an biomedical model, 10 a specific focus on interaction between

orcine AXL and S of SARS-CoV-2 variants may also help prevent

he risk of next pandemic and food supply stability. 

eclaration of Competing Interest 

The authors declare no conflict of interest. 

cknowledgments 

This work was supported by the National Natural Science Foun-

ation of China (No. 32002289 ) and the Science and Technology

roject of Jiangxi Province (Nos. 2018ACB21027 , 20212ACB205004 ,

nd 20203BBF63020 ). The funders had no role in study design,

mailto:xiangbin2018@126.com
mailto:marsjy@163.com
https://doi.org/10.1016/j.jinf.2021.12.021
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2021.12.038&domain=pdf
https://espript.ibcp.fr/ESPript/cgi-bin/ESPript.cgi


Letter to the Editor / Journal of Infection 84 (2022) 579–613 593 

Fig. 1. Alignment and surface potential analysis of crucial amino acids in AXL proteins. (A) Comparative analysis of the residues of AXLs at the interface binding to 

spike of SARS-CoV-2 from human (GenBank accession no. NP_068713), rhesus (GenBank accession no. EHH30062.1), hamster (GenBank accession no. XP_040590606), 

mouse (GenBank accession no. NP_033491), ferret (GenBank accession no. XP_004776133), mink (GenBank accession no. XP_044113292.1), and pig (GenBank accession no. 

NP_001121930). The ALX residues at position 68 and 115 are marked in cyan triangles, position 61, 85, 113, and 116 are labeled with purple triangles. (B) Surface poten- 

tial diagram of interface zone of AXLs. The structural superposition of the AXL region 27–128 from human (green, PDB code 4RA0), mouse (cyan, Uniprot entry Q0093), 

ferret (gray), and pig (wheat) is in the center. The AXL structures of pig and ferret were modeled using the homology models of human AXL (PDB code 4RA0 and 5VXZ, 

respectively) as the templates by SWISS-MODEL (https://swissmodel.expasy.org/). The six key differential residues of AXL interacting with spike protein of SARS-CoV-2 are 

represented by yellow sticks in the structural superposition, the details of which are further circled by dash line in the surface electrostatic potential maps of each AXL. The 

electrostatic potential color range is -/ + 5. 

Fig. 2. Sequence alignment of spike protein from three SARS-CoV-2 strains including Wuhan-Hu-1 (GenBank accession no.YP_009724390), delta variant (GenBank accession 

no. QYM88683), and omicron variant (GenBank accession no. UFS23237). The important residues in NTD of S interacting with AXL are marked with green stars. 
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data collection and interpretation, or the decision to submit the

work for publication. 
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ear Editor, 

We read with interest the recent systematic review and meta-

nalysis by Lansbury et al. which aimed to evaluate the burden of

acterial and fungal co-infections in patients with COVID-19, high-

ighting the challenges in diagnosing certain fungal infections in

his setting and the need for a high level of suspicion of fungal

nfections in critically-ill COVID-19 patients. 1 Severe COVID-19 dis-

ase does predispose patients to fungal co- and particularly sec-

ndary infections, with reports describing COVID-associated pul-

onary aspergillosis (CAPA) and invasive yeast infections (partic-

larly candidaemia) predominating. 2–10 Additionally, a devastating

ave of COVID-associated mucoromycosis (CAM) impacted the In-

ian subcontinent in late spring, with tens of thousands of cases

eported in India alone. 11 Anecdotal reports and individual case se-

ies suggested that each of these fungal complications of COVID-

9 increases the risk of poor outcomes, including increased hos-

ital lengths of stay (LoS) and excess mortality. 4 , 7 , 8 , 10 A recent

rench multi-center study confirmed significant increased mortal-

ty in patients with possible or probable CAPA. 12 Here we report

ata to quantify the impact of fungal co- and secondary infections

n outcomes of patients admitted to intensive care units (ICU) in

HS hospitals in England with laboratory confirmed COVID-19 and

ikely or proven fungal disease, concentrating on CAPA and COVID-

ssociated candidaemia (CAC), since few UK cases of CAM have

een reported as of November 2021. 

De-duplicated data on patients with candidaemia or aspergillo-

is (March 2020-March 2021) were collated from the UK Health Se-

urity Agency (UKHSA) UK National Mycology Reference Laboratory

MRL); candidaemia patients were also collated from the Commu-

icable Disease Reporting module of UKHSA’s Second Generation

urveillance System. Laboratory confirmed cases of COVID-19 were

etrieved from the PHE National Incident Coordination center Epi-

emiology Cell (NICCEC). Data on Intensive Care Unit (ICU) admis-

ions in NHS hospitals in England was collected from Secondary

ses Service (SUS) + , NHS Digital, and sorted into total ICU stays,

efore being linked to the laboratory confirmed COVID-19 cases to

reate a dataset of patients admitted to ICU with COVID-19. 

Candida data was first linked to the NICCEC data to determine

hich of the candidemia patients also had a COVID-19 diagnosis.

atients with diagnoses of candidemia that were more than 10

ays before or 60 days after a COVID-19 diagnosis were excluded,

xcept where the patients had remained hospitalised for the en-

ire period between diagnoses. Retained records were then linked

o the ICU dataset of COVID-19 admissions. Data linkage across

he datasets was performed in 3 stages to capture patients with

issing key identifiers using: (i) NHS number and date of birth,

ii) date of birth and soundex of both surname and forename, (iii)

HS number and soundex of both surname and forename. After

ata linkage and exclusion, 34,550 patient records were available

or analysis, 271 of which highlighted patients with CAC. Remain-

ng patients with COVID-19 with no evidence of either Aspergillus

r candidaemia co/secondary infection formed the reference group.

AC cases were categorised as (i) preceding COVID-19 diagnosis

 N = 6; recovery of Candida sp. from blood between 10 and 1 days

re-COVID-19 test positivity); (ii) co-infection ( N = 7; blood cul-

ure positivity within 1 day either side of COVID-19 test positivity)

nd (iii) secondary infection in 258 patients (blood culture posi-

ivity 2 to 60 days post COVID-19 diagnosis in 255 patients, plus 3

ases of candidaemia > 60 days post COVID-19 diagnosis in patients

ho had remained hospitalised for the entire duration). Among

he ICU cohort, 60-day crude case fatality rate (CFR) for patients
ncreased mortality in COVID-19 patients with fungal co- 

nd secondary infections admitted to intensive care or 

igh dependency units in NHS hospitals in England 
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ith CAC was 57.2% (95% CI 48.5–66.9; 155/271 patients), com-

ared to 39.9% (95% CI 39.3–40.6; 13,684/34,279 patients) for pa-

ients with COVID-19 alone ( p < 0.001). When adjusted for age and

ex, both CFRs decreased, to 37.5% (95% CI 25.8–50.7) in patients

ith CAC and 25.5% (95% CI 24.8–26.2) in patients with COVID-19

lone ( p = 0.058). Finally, median LoS in ICU patients with CAC

as substantially longer (25 days; IQR 14–43; N = 270) than me-

ian LoS among ICU patients with COVID-19 alone (7 days; IQR

–16; N = 34,057; p < 0 •001). Median time from ICU admission

o the Candida sample was 14 days (IQR 8–21), with patients then

taying in ICU for a median of 10 days (IQR 2–27) from the fungal

iagnosis to discharge. 

For CAPA, accurate evaluation of incidence is confounded by

ultiple factors, including lower likelihood of bronchoalveolar test-

ng of severely ill COVID-19 patients in ICU settings (due to risk of

ransmission from aerosols), geographic differences in biomarker

esting and reporting (which influence incidence estimates), lack

f a universally employed diagnostic algorithm and the fact that

ecovery of an Aspergillus spp. isolate from a COVID-19 respiratory

ample is not proof of invasive disease. 2 , 3 , 8 Given these constraints,

 different approach to estimating excess mortality was employed.

nitial data linkage and exclusion was performed against the NIC-

EC and SUS + ICU data as above, starting with all UK patients

rom whom an isolate of Aspergillus fumigatus had been referred to

he MRL from any respiratory secretion (sputum, tracheal aspirate,

irected and non-directed bronchial lavages) from March 2020-

arch 2021. After linkage 34,398 patients with COVID-19 were

vailable, of which 119 had Aspergillus fumigatus isolated from a

espiratory specimen. For these 119 patients, the MRL Information

anagement System was interrogated for fungal biomarker test-

ng (serum galactomannan [GM] or (1–3)- β-d-glucan, respiratory

ample GM, Aspergillus -specific PCR) that could contribute towards

 diagnosis of CAPA. A resulting 28 patients were stratified as

ossible/probable CAPA (multiple positive biomarker tests), 22 pa-

ients as unlikely to have CAPA (biomarker tests all negative), and

9 patients for whom biomarker tests were unavailable (unknown

APA). 9 The crude CFR for COVID-19 cases admitted to ICU with an 

spergillus fumigatus sample was 54.6% (95% CI 42.2–69.9; 65/119

atients). Adjusted for age and sex, this reduced to 44.4% (95% CI

5.6–66.9), higher than the COVID-19 ICU patients with no fungal

nfection (25.5%; p = 0.073). Looking to mortality by CAPA classifi-

ation, crude CFRs were 67.9% (95% CI 40.8–100.0; 19/28) for possi-

le/probable CAPA and 50.5% (95% CI 37.0–67.4; 46/91) for unlikely

r unknown CAPA combined. Numbers were too small to look at

ge and sex adjusted CFRs by these categories. Finally, median LoS

as significantly longer in possible/probable CAPA patients (29.5

ays, IQR 23.5–43.5, n = 28) than in matched COVID-19 patients

n ICU (median LoS 7 days; IQR 3–16; n = 34,057; p < 0.001). Me-

ian time from ICU admission to the Aspergillus sample was simi-

ar between possible/probable CAPA patients (16.5 days, IQR 11.5–

6.5) and unknown/unlikely CAPA patients (17 days, IQR 12–24).

his was also the case for time to discharge after the fungal sam-

le, with the median time being 6.5 days (IQR 1.5–20) and 6 days

IQR −1–21) respectively. 

This analysis has limitations. Cases of candidemia and CAPA are

ikely to be significantly underestimated as they relied upon lab-

ratories reporting and/or referring isolates to the MRL. Labora-

ories may have undertaken in-house biomarker testing to aid in

he diagnosis of CAPA, which would have helped to better strat-

fy the patients in the “unknown CAPA” cohort. Linkage to SUS +
CU data could only be done by NHS number and date of birth, so

ny COVID-19 patients missing these data could not be included.

onetheless, these estimations for excess mortality caused by the

wo most common fungal co-/secondary infections encountered

ith severe COVID-19 align with prior smaller reports from indi-

idual centers (nationwide and worldwide) and the recent French
tudy on CAPA in that mortality and LoS are increased in pa-

ients with COVID-19 and fungal co-/secondary infection. 4 , 7 , 10 , 12 

his data analysis further emphasises the importance of raised

wareness, testing, rapid diagnosis, surveillance and prompt and

ppropriate treatment of fungal infections in severely ill patients

ith COVID-19. 
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Fig. 1. A The HIV-infected patient had severe cellulitis complicating necrotizing 

fasciitis and received surgical debridement during hospitalization. B. The mor- 

phology of Kodamaea ohmeri by gram stain (microscopy 10 0 0X) showed pig- 

mented yeast. C. The colony of Kodamaea ohmeri showed gray-whitish color on the 

Sabouraud Dextrose agar (SDA). 

Fig. 1. Continued 
Dear Editor, 

Kodamaea (Pichia) ohmeri was formerly considered a contami-

nant, but is now known to be a significant human pathogen that

has been shown to cause fungemia, endocarditis, cellulitis, and

peritonitis in immunocompromised patients. 1–4 

K . ohmeri is a yeast is frequently mistaken for Candida, which

belongs to the same family. 1–3 We present this case of fungemia

caused by fluconazole-resistant K. ohmeri in HIV-infected pa-

tient with persistent tinea pedis and severe cellulitis complicating

necrotizing fascitis. 

A 52-year-old male was diagnosed as HIV infection with anti-

retroviral therapy (ART) for 5 years but had poor compliance. The

CD4 count revealed 132/dL at admission. He had right lower foot

severe cellulitis and tinea pedis complicating necrotizing fascitis

( Fig. 1 A). The patient was sent to the emergency room due to fever,

leg edema, redness, and progressive pain. During hospitalization,

he received central venous catheter insertion for fluid supply, an-

tibiotic therapy and surgical debridement ( Fig. 1 A). Series of ex-

aminations including blood cultures and wound culture were per-

formed. On hospital day 7, the wound and blood culture yielded

a yeast colony ( Fig. 1 B and C). Fluconazole was given empirically,

but had no effect. This yeast-like microorganism was identified as

K. ohmeri 2 days later. The score value of matrix-assisted laser des-

orption ionization-time of flight mass spectrometry (MALDI-TOF)

and the Bruker Biotyper of K. ohmeri showed 2.1, respectively. An-

tifungal susceptibility testing was performed with the ATB-Fungus

system, and a high minimum inhibitory concentration (level up

to 64 mg/l) for fluconazole was found. Fluconazole was replaced

with amphotericin B deoxylate. The fever and cellulitis inflamma-

tion gradually subsided after surgical debridement and anti-fungal

therapy. The patient was discharged in a stable condition. 

Kodamaea (Pichia) ohmeri is an unusual pathogen of mycosis. 1–4 

In the last 20 years, only 20 cases have been described in the lit-

erature. 1–4 , 8 , 9 All reported cases had significant predisposing con-
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L

itions including diabetes mellitus, malignancy, use of catheters,

tc. 1–9 However, the association between cellulitis of tinea pedis

nd fluconazole-resistant K. ohmeri in HIV-infected patient has not

een described. 1 , 2 The first clinical isolate was from a pleural ef-

usion and was considered a contaminant. 2 Twenty cases of K.

hmeri infection, including the one in this study, have been re-

orted. 1–4 , 8 , 9 Among them, 17 were fungemia, and the remain-

ng three were peritonitis, funguria, and polymicrobial wound in-

ection 

1–4 . Our patient developed K. ohmeri fungemia and was

he second reported case with severe cellulitis. 1 The symptoms of

. ohmeri infection varied, and included fever, acute pain, and

alaise. All the patients were immunocompromised. 1 , 2 , 8 , 9 Seventy

ercent of K. ohmeri and invasive non-albican candidiasis were

atheter-related, 4–9 suggesting that breakdown of the skin mu-

osal barrier is a significant risk factor for invasive fungal infec-

ion. Our patient had significant tinea infection and cellulitis of the

ower extremities and in immunocompromised state (CD4: 132/dL),

hich could have contributed to this episode of fungemia. 

The current treatment strategy for K. ohmeri infections includes

he removal of medical devices (e.g., Foley catheter, central ve-

ous catheter, and pacemaker) and the use of effective antifun-

al agents. 1–3 , 8 , 9 Previous reports have suggested that ampho-

ericin B and fluconazole are effective in the treatment of K. ohmeri

ungemia. 1–3 However, there is no definite indication as to which

rug is superior to the others. 8 , 9 Combined treatment with anti-

ungal agents, surgical debridement, and removal of an implanted

evice or catheter in previous cases 1–3 , 8 , 9 has contributed to bet-

er outcomes than medical therapy alone. However, 40% of all cases

ied despite antifungal therapy. 1–3 , 6–9 Therefore, K. ohmeri infec-

ion in immunocompromised patients should be considered a po-

entially critical condition. 

In conclusion, the evidence indicates that K. ohmeri should be

dded to the list of potential yeast pathogens that can cause sys-

emic infections in humans of all ages, particularly in immunocom-

romised patients. 1–3 , 8 , 9 Because increasing numbers of cases of K.
hmeri fungemia have been reported with high mortality, early di-

gnosis and appropriate treatment with surgical debridement are

rucial in the management of this potentially fatal infection. 
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Dear Editor, 

The report entitled "Nonpharmaceutical interventions reduced

the incidence and exacerbation of allergic diseases in children dur-

ing the COVID-19 pandemic" by Ye et al. aroused our strong con-

cern. 1 In a report, Ye et al. announced that the incidence of al-

lergic diseases in children during the COVID-19 epidemic was re-

duced and that the exacerbation of diseases in allergic patients was

also reduced. Here, we presented the prevalence of the respiratory

virus among children during the COVID-19 pandemic in Hangzhou,

China. 

Adenoviruses (Ads) are nonenveloped icosahedral viruses with

a diameter of ∼ 90 nm and slight structural differences between

genotypes. More than 80% of diagnosed adenovirus infections oc-

cur in children under four years old (due to lack of humoral im-

munity). 2 Adenovirus infections may occur in healthy children or

adults in closed or crowded environments (particularly military re-

cruits). 2 , 3 

Respiratory syncytial virus (RSV) was discovered more than 50

years ago. It has since been identified as the most common cause

of acute respiratory tract infections in infants. 4–6 Influenza viruses

are members of the Orthomyxoviridae family. There are seven gen-

era: Alpha influenza virus (influenza A virus), Beta influenza virus

(influenza B virus), Gamma influenza virus (influenza C virus),

Delta influenza virus (influenza D virus), Isa virus, Quaranja virus

and Thogoto virus. 7 Influenza A and B viruses often cocirculate an-

nually during seasonal epidemics and can cause severe respiratory

diseases in humans. The clinical course of both influenza A and B

virus infections can vary from mild symptoms in some cases to a

severe respiratory infection characterized by clinical complications

that lead to hospitalization and death in some cases. 8 

Infection with these respiratory viruses has a certain seasonal-

ity. According to clinical observations, during the COVID-19 pan-

demic in Hangzhou, there was a significant difference in the num-

ber of children with respiratory infections. 

The Health Commission of Zhejiang Province released con-

firmed cases of COVID-19 in Zhejiang Province on January 23,

2020. From the end of 2020 to the beginning of 2021, vaccinations

against SARS-CoV-2 for all age groups were launched one after an-

other. In this study, we analyzed children who came to the outpa-

tient clinic of Children’s Hospital of Zhejiang University School of

Medicine from January 2019 to October 2021, analyzed the number

of positive people for the above four respiratory viruses ( Fig. 1 ),

and calculated the positive detection rate (number of positive de-

tections of a certain virus/number of visits in the same period)

( Fig. 2 ). Therefore, in this study, we compared the number of respi-

ratory virus infections and positive infection rates in children dur-

ing the year before the COVID-19 pandemic, the first year after

the outbreak, and the second year after the outbreak (mass vac-

cination) to explore the prevalence of the respiratory virus in the

COVID-19 pandemic. 

According to the data results, in 2020, there were the fewest

outpatient visits and the fewest positive infections in the three

years, followed by 2021. The number of visits in 2019 was the

largest. In 2019, adenoviruses, influenza A and influenza B had

apparent seasonality, while their seasonality was not fully high-

lighted in 2020 and 2021. The number of infections and infection

rates was highest in 2019, followed by 2021, and the lowest in

2020. The number in 2021 is higher than that in 2020, which may

be related to the short-term relaxation of protection awareness af-

ter universal vaccination. The respiratory syncytial virus showed a

rebound increase in 2021 (higher than 2019). Data for 2021 show
Incident changes in the prevalence of respiratory virus 

among children during COVID-19 pandemic in Hangzhou, 

China 
hat people’s awareness of protection may decrease slightly after

accination, resulting in more infections than in 2020. On the other

and, wearing a mask for a long time may increase children’s sus-

eptibility to respiratory viruses, which requires further research. 

To simplify, the COVID-19 pandemic has changed the prevalence

f respiratory viruses among children in Hangzhou. This change

ay not be due to severe acute respiratory syndrome coronavirus

 (SARS-CoV-2) itself but mainly due to a series of strict measures

aken during the COVID-19 pandemic. First, strict control measures,

uch as wearing masks and prohibiting large-scale gatherings, have

ut off the transmission of respiratory viruses to a certain extent.

t the same time, improving people’s awareness of protection and

he importance of physical fitness has also reduced the infection

f respiratory viruses. China has adopted a "dynamic zero" pol-

cy against SARS-CoV-2. The spread of SARS-CoV-2 in China is cur-

ently under control, but the global pandemic continues, and new

ariants of SARS-CoV-2 have emerged. 9 , 10 Therefore, the preva-

ence of respiratory viruses in children is still uncertain and de-

erves our attention and continuous monitoring. It should be noted

hat the limitations of this study are as follows: as a single-center

tudy, conclusions in other regions may be different. The specific

easures controlling the infection of respiratory viruses should be

urther researched in multiple centers. 

In short, during the COVID-19 pandemic, nonpharmacological

nterventions reduced the infection rate of children’s respiratory

iruses. Continuous testing helps prevent a major outbreak of res-

iratory virus infection in the later stages of the epidemic. 
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Fig. 1. The number of positive detections of various respiratory viruses at different times (years). 

Fig. 2. The positive detection rate of various viruses at different times (years). 
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Dear Editor, 

We recently commented on the study by Teyssou and col-

leagues 1 showing substantial differences across SARS-CoV-2 vari-

ants of concern RNA loads in the upper respiratory tract (URT).

Regarding the Delta variant, we reported a trend towards higher

viral loads in non-vaccinated individuals with COVID-19 compared

to those vaccinated with a variety of COVID-19 vaccines. 2 A num-

ber of studies concur on that although SARS-CoV-2 RNA loads in

the upper respiratory tract of individuals with Delta variant break-

through infection are comparable to those found in unvaccinated

infected individuals, viral RNA clearance seemingly proceeds at

a faster rate in the former subjects. 3–6 Nevertheless, analyzes in
10. Tian D. , Sun Y. , Zhou J. , Ye Q. . The global epidemic of the SARS–
CoV-2 delta variant, key spike mutations and immune escape. Front Im-

munol 2021; 12 :751778 PubMed PMID: 34917076. Pubmed Central PMCID:
PMC8669155. Epub 2021/12/18. eng . 
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Impact of time elapsed since full vaccination on 

SARS-CoV-2 RNA load in Delta-variant breakthrough 

COVID-19 
hese studies were not stratified by either time elapsed since full

OVID-19 vaccination 

3–5 or clinical status (asymptomatic vs. symp-

omatic) at the time of RT-PCR diagnosis. 3–6 Here, we add nuances

o the aforementioned assumption by showing that among patients

ith breakthrough COVID-19, both the magnitude and dynamics

f Delta variant RNA load in URT are markedly affected by time

lapsed since full COVID-19 vaccination. 

The current observational study included a convenience sample

f 107 individuals (57 female; median age, 62 years; range, 50–

4) who developed breakthrough COVID-19 at a median of 65 days

range, 17–199) after completion of the vaccination schedule with

omirnaty® ( n = 73), Spikevax® ( n = 13), Vaxzebria® ( n = 12)

r Janssen COVID-19 vaccine ( n = 9). Diagnosis of SARS-CoV-2 in-

ection was achieved by RT-PCR (TaqPath COVID-19 Combo Kit;

hermo Fisher Scientific, MS, USA) 2 ) in nasopharyngeal specimens

ollected within the first 4 days after symptoms onset. SARS-CoV-

 RNA loads were estimated using the AMPLIRUN® TOTAL SARS-

oV-2 RNA Control (Vircell SA, Granada, Spain), and are reported

s copies/ml throughout the study. Delta variant involvement was

dentified by whole-genome sequencing. 

None of the participants in our sample had an immunosuppres-

ive condition or was under immunosuppressive therapy at the

ime of symptoms onset. Most patients presented with mild dis-

ase ( n = 105), whereas 16 had to be hospitalized (one in the

ntensive care unit). We arbitrarily stratified participants accord-

ng to time elapsed between full vaccination and symptoms on-

et into three groups, which were balanced regarding participant

umbers: Group 1: 15–45 days, Group 2: 46–90 days and Group

: 91–200 days (Supplementary Table 1). Participants differed sig-

ificantly across groups in age and hospitalization rate (older age

nd more hospital admissions in Group 3) and vaccine used, but

ere comparable regarding time interval between symptoms on-

et and RT-PCR diagnosis (median, 2 days) and sex. Taking the co-

ort as a whole, we noticed an increase in initial SARS-CoV-2 RNA

oads in NP, positively associated with time since vaccination, irre-

pective of the vaccine used ( Fig. 1 A), although a clear trend to-

ards lower initial SARS-CoV-2 RNA load was observed in partici-

ants in Group 1 compared to the other two groups. By analyzing

ARS-CoV-2 RNA load trajectory over time since symptom onset

 Fig. 1 B) we observed a seemingly faster viral RNA load decay in

atients in Group 1. To rule out bias related to vaccine used, we

ext performed a similar analysis restricted to subjects vaccinated

ith Comirnaty®, the vaccine used in the majority of participants

n the current cohort (Supplementary Table 2). As depicted in Fig-

re 2C, initial SARS-CoV-2 RNA loads gradually increased with time

lapsed since vaccination, with significant differences in viral loads

etween participants in Groups 1 and 3 ( P = 0.03). Again, viral

oad decrease appeared faster in patients in Group 1 than in the

ther two study groups ( Fig. 1 D). 

Beyond the relatively modest sample size, our study has sev-

ral further limitations. First, Delta variant peak RNA loads may

ave been reached before symptoms appeared, and not uniformly

cross participants in the study groups. Second, patients in Group

 were much older than those in the remaining groups; it is possi-

le that elderly individuals may exhibit different kinetics of SARS-

oV-2 Delta variant RNA load in URT, post-vaccination waning of

mmune responses, or both, compared to patients in the remain-

ng study groups. Third, sequential NP specimens from participants

ere not available for analyzes. 

Our data highlight the impact of time elapsed since full vacci-

ation on the magnitude and decay kinetics of SARS-CoV-2 RNA

oads in URT in COVID-19 patients during Delta variant break-

hrough infections, and are in line with results published in a re-

ent study 6 . How dissimilarities in viral loads translate into dif-

erences in infectiousness needs to be assessed. Disappearance of

accine-elicited immune responses over time likely account for our
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Fig. 1. SARS-CoV-2 Delta variant RNA load in the upper respiratory tract of individuals with breakthrough COVID-19 according to time elapsed since full vaccination. (A) 

Box-Whisker plot depicting initial SARS-CoV-2 RNA loads in all participants; (B) Kinetics of SARS-CoV-2 RNA load over the first 4 days after symptoms in all participants; (C) 

Box-Whisker plot depicting initial SARS-CoV-2 RNA loads in participants vaccinated with the Comirnaty® vaccine; (D) Kinetics of SARS-CoV-2 RNA load over the first 4 days 

after symptoms in participants vaccinated with the Comirnaty® vaccine. P values are shown for comparisons (Mann-Whitney U test or Kruskal-Wallis test, as appropriate). 
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ndings, which should be verified in larger studies due to their po-

ential public health implications. 
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Dear Editor, 

Recent articles in this Journal have reported the cross-

neutralization of SARS-CoV-2 variants in individuals of vaccinees

and convalescents, and compared the clinical features of Coro-

navirus disease 2019 (COVID-19) by SARS-CoV-2 Gamma variant

based on a prospective cohort study of vaccinated and unvacci-

nated healthcare workers 1 , 2 . The emergence of SARS-CoV-2 vari-

ants with higher transmission ability and immune evasion against

monoclonal antibodies, sera from natural infection and vaccine re-

ceipts, posing a serious threat to public health. On 26 Novem-

ber 2021, the World Health Organization named the new SARS-

CoV-2 variant B.1.1.529 as Omicron, and defined it as a Variant

of Concern (VOC). As the fifth VOCs currently, Omicron contains

much more mutations in the Spike protein, including some mu-

tations shown to reduce neutralizing efficiencies of COVID-19 vac-

cines in previous studies 3 . As the pandemic of COVID-19 has lasted

for nearly two years, there are more and more convalescents ei-

ther previously infected with wild-type SARS-CoV-2 or recently
4. Singanayagam A. , Hakki S. , Dunning J. , Madon K.J. , Crone M.A. , Koycheva A. ,
et al. Community transmission and viral load kinetics of the SARS-CoV-2 delta

(B.1.617.2) variant in vaccinated and unvaccinated individuals in the UK: a
prospective, longitudinal, cohort study. Lancet Infect Dis 2021; S1473-3099 (21)

00648-4 . 
5. Siedner M.J., Boucau J., Gilbert R.F., Uddin R., Luu J., Haneuse S., et al. Du-
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Regular and booster vaccination with inactivated vaccines 

enhance the neutralizing activity against Omicron variant 

both in the breakthrough infections and vaccinees 
merged variants. Meanwhile, booster vaccination of SARS-CoV-2

s now rapidly rolling out in China and other countries. Accord-

ngly, neutralizing efficiency of convalescents and vaccinees with

ooster vaccination against the newly emerged Omicron variant

eeds further elucidation. Here we evaluated the neutralizing ac-

ivity of plasma from the COVID-19 convalescents with wild type

ARS-CoV-2 and different VOCs, and vaccinees with both regular

accination and homologous booster of inactivated vaccine. 

A total of 92 participants were included in this study, includ-

ng 24 vaccinees with homologous booster vaccination (Vaccinee

roup), 26 individuals previously infected with wild type (WT)

ARS-CoV-2 (WT group), 16 patients infected with Alpha variant

Alpha group, 12 patients received vaccination before infection), 6

atients infected with Beta variant (Beta group), and 20 patients

nfected with Delta variant (Delta group, 4 patients received vac-

ination before infection). All the individuals with breakthrough

nfection received at least one-dose inactivated vaccines (Coron-

Vac or BBIBP-CorV before laboratory confirmation of infection,

nd individuals in the vaccinee group received inactivated vac-

ines (BBIBP-CorV) and homologous booster vaccination. The de-

ailed information was shown in Table S1 . All the plasma samples

n the WT group were collected over 386 days post illness on-

et/laboratory confirmation (median: 431.5; range: 386–471), and

ost samples (40/42, 95.23%) in the Alpha, Beta, Delta groups were

ollected over 7 days after laboratory confirmation (median: 18;

ange: 1–36). Samples from the vaccinee group were collected af-

er the two dose of vaccination with median days of 85 (range:

8–103), and 95 days after booster vaccination. 

For the WT group, about 46.15% (12/26) of the samples showed

nhibition rates over 50% against Omicron variant at the first dilu-

ion (1:20). The geometric mean neutralizing titers (GMTs) against

ild type SARS-CoV-2 (WT) and Omicron variant were 154.07

54.64 to 1018.82), 22.96 (10 to 145.38), respectively, and the re-

uction fold was 6.71 for Omicron ( Fig. 1 A ). This reduction is com-

arable with Mu variant while higher than Alpha, Beta, Gamma,

elta, Lambda variants 4 . For the Alpha group, all the samples

rom breakthrough infections showed detectable 50% inhibitory

ose (ID 50 ) against Omicron variant, while 50% (2/4) were below

he lower limit of quantitation in the naive infections. The over-

ll GMTs against Alpha and Omicron variants were 7198.43 and

85 respectively, with 25.26-fold reduction for the Omicron vari-

nt ( Fig. 1 B ). Comparison between breakthrough and naive infec-

ion showed significantly higher ID 50 against both Alpha (9.33-

old) and Omicron variants (5.61-fold) in the breakthrough in-

ection ( Fig. 1 B ). Similar results were found in the Delta group,

ith all the samples from breakthrough infection showed de-

ectable ID 50 against Omicron variant, while 1 out of 16 was be-

ow the lower limit of quantitation in the naive infection. The

verall GMTs against Delta and Omicron variants were 10,898.97

nd 558.44, respectively, with 19.52-fold reduction for the Omi-

ron variant ( Fig. 1 D ). Significantly higher ID 50 against both Delta

3.25-fold) and Omicron variants (1.77-fold) were also found in

he breakthrough infections ( Fig. 1 D ). For the Beta group, we only

ot the naive infections, and reduced neutralizing activities were

lso found with 18.38-fold reduction against the Omicron variant

 Fig. 1 C ). 

In the Vaccinee group, 91.66 (22/24) showed detectable ID 50 

gainst wild type SARS-CoV-2 at 95 days post booster vaccination

ith GMT of 299, and 1.67-fold, 14.52-fold, 3.72-fold and 6.73-

old reduction against Alpha, Beta, Gamma and Delta variants were

ound, respectively ( Fig. 2 A ). Notably, only 25% (6/24) of the sam-

les showed detectable ID 50 against Omicron, with 16.07-fold re-

uction when compared with wild type SARS-CoV-2. We further

ompared the neutralization activity before and after booster vac-

ination against different VOCs. After booster vaccination, GMTs

gainst wild type, Alpha, Beta, Gamma, Delta increased 13.47-fold,
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Fig. 1. Neutralizing activities of plasma samples from convalescents previously infected with wild type (A), Alpha (B), Beta (C) and Delta variants (D). 

Fig. 2. Neutralizing activities of plasma samples from vaccinees with booster vaccination. A. ID 50 of samples from vaccinees with booster vaccination against wild type, 

Alpha, Beta, Gamma, Delta and Omicron variants. B. Comparison of the neutralizing activities before and after booster vaccination. 
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8.63-fold, 2.06-fold, 6.75-fold and 3.96 fold, respectively ( Fig. 2 B ).

For the Omicron variant, all samples were below the lower limit of

quantitation after the first two dose vaccination, similar with pre-

vious study 5 . However, 6 out of 24 (25%) showed detectable ID 50 

(GMT: 18.62; range: 10 to 454.4) after booster vaccination, with

1.86-fold increase in GMTs ( Fig. 2 B ). 

Although some recent studies have showed that Omicron vari-

ant could escape from the majority of existing SARS-CoV-2 neu-

tralizing antibodies 6 and vaccine induced immune response 5 , our

study still provide unique information as follows. Firstly, we ad-

dressed whether COVID-19 convalescents previously infected with

wild type SARS-CoV-2 could provide protection against Omicron

Variant even after one year. Secondly, we used paired samples with

both regular vaccination and homologous booster vaccination to

evaluated the efficiency of booster vaccination. Thirdly, we com-

pared the neutralizing activities against Omicron variant between

breakthrough and naive infections with different VOCs. 

Similar with previous studies, significant immune evasion was

found for Omicron variant both in the convalescents and vac-

cinees, and the reduction folds was even higher than the pre-

viously least susceptible Beta and Mu variants 4 , 7 , suggesting a

higher risk of breakthrough infection or reinfection. It is worth

noting that plasma samples collected over one year post infec-

tion showed lower reduction folds against Omicron variant when

compared with other convalescents with different VOCs, which

might correlate with the increase in the breadth and potency of

SARS-CoV-2 specific antibodies due to the maturation of memory

B cells 8-10 . Despite of the obvious immune evasion, our study also

confirmed the importance of vaccination, both regular and booster

vaccination. As shown in our study, breakthrough infections devel-

oped much higher neutralizing antibodies than the naive infection,

both against the infected variant and Omicron variant. Moreover,

booster vaccination could significantly increase the neutralizing re-

sponses to all the VOCs, although lower neutralizing abilities were

found against some VOCs. Therefore, active vaccination still serve

as one of the most effective measures to control the pandemic of

COVID-19, and new vaccines with higher protective efficiency are

also in urgent need. 
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R  
he world. 3 These rapid shifts in the pre-dominance of VOC out-

aces and impairs the development and testing in clinical trials of

ew VOC-tailored vaccines. We do not yet know how well the dif-

erent vaccine strategies applied in the UK will reduce the trans-

ission of and severity of disease arising from rapidly emerging

OC in the general population and immunological vulnerable sub-

roups. 

We have used the core design of an anti-IgG/A/M SARS-CoV-2

LISA 

4 , 5 to measure IgG antibodies specific for spike protein from

he original Wuhan strain, 6 B.1.617.2 (Delta - Abingdon Health)

nd B.1.1.529 (Omicron - SinoBiological China). In addition, we as-

ayed serial dilutions (250 – 7.8 IU/mL) of the WHO standard

IBSC 20/136 7 and the therapeutic monoclonal antibody therapy

otrovimab (Glaxo Smith Kline) the base concentration of which

s 62.5 mg/ml and a 500 mg dose is given to patients. We have

sed these ELISAs to determine cross-reactivity of spike glycopro-

ein induced antibody against Delta and Omicron variants before

nd after third SARS-CoV-2 vaccine dose. 

We have recruited three well-characterised cohorts: firstly, a

ealth care worker cohort from University Hospitals Birmingham

rom the Determining the immune response to SARS-CoV-2 infection

n convalescent health care workers (COCO) study, who had PFZ as

heir primary two-dose vaccine course followed by PFZ booster

PPP cohort). Secondly, individuals classed as clinically extremely

ulnerable (CEV) attending general practice for vaccination in Ul-

ter, who had the AZ vaccine as their primary two-dose vaccine

ourse followed by a PFZ third dose (AAP). Lastly, individuals on

aemodialysis under renal care at the University Hospitals Birm-

ngham; 70.3% of which had AZ as their primary course (HD co-

ort) followed by a PFZ third dose. Serum samples were taken 6

onths following their second vaccination of their primary course,

rior to the third dose with PFZ, and also 28 days following vacci-

ation. 

There was evidence of suboptimal seropositivity 6 months post

rimary dose of vaccination in all groups but particularly amongst

D and CEV patients. Samples taken 6 months post-primary vac-

ine course showed that for the HD cohort, 58.9% of individuals

ere seropositive against the Wuhan strain, 34.4% against Delta

nd 62.2% against Omicron strains. For the PPP cohort, seroposi-

ivity was maintained at 92.2% against Wuhan, 90% against Delta

nd 91.1% against Omicron strains. For the AAP cohort, seropositiv-

ty was 62.5% against Wuhan, 45.8% against Delta and 91.7% against

micron strains ( Fig. 1 a-c). 

Post third vaccine dose, there was a significant increase in the

ercentage of individuals who were seropositive and a rise in

he median serum antibody concentration (as measured by opti-

al density or OD) of these seropositive individuals. For the HD

ohort, seropositivity was 98.8% against the Wuhan, 97.6% against

elta and 100% against Omicron strains. For the PPP and AAP co-

orts seropositivity was 100% against all 3 strains . The increase

n median OD following vaccination in HD patients was 2.46 to

.98 ( p < 0.0 0 01) for the Wuhan, 1.94 to 2.49 (non-significant (ns))

or Delta, and 1.37 to 2.84 ( p < 0.0 0 01) for Omicron strains. The

ncrease in median OD for the PPP cohort against the Wuhan

train was 2.62 to 2.88 (ns), for Delta 2.33 to 3.08 ( p < 0.0 0 01)

nd for Omicron 1.71 to 3.37 ( p < 0.0 0 01). For the AAP cohort, for

he Wuhan strain the increase was from 2.38 to 3.52 ( p < 0.0 0 01),

or Delta 2.98 to 3.45 ( p = 0.0044) and for Omicron 1.17 to 3.46

 p < 0.0 0 01). We also compared antibody concentrations following

ooster immunisation between the PPP and AAP groups: in the

AP group there was a higher median OD for the Wuhan (2.88

 3.52, p < 0.0 0 01) and Delta strains (3.08 v 3.45, p = 0.0 022) but

ot for the Omicron strain (3.37 v 3.46, ns) compared to the PPP

roup suggesting heterologous vaccine strategies may demonstrate

nhanced immunogenicity against these SARS-CoV-2 variants. 
h  
Lastly, the WHO NIBSC 20/136 standard was run as a standard

urve in the Wuhan, Delta and Omicron ELISAs and no significant

oss of antibody binding was observed against any VOC (Supple-

entary Figure 1a). Similarly, a dilution series from 6.5 mg/ml to

.003 mg/ml of Sotrovimab (GSK) found no loss of antibody bind-

ng against Omicron (Supplementary Figure 1b). Strong correlations

xist between antibody binding and neutralisation 

8 and between

he presence of neutralising antibodies and protection against se-

ere COVID-19. 9 

Understanding the pre-existing seroprevalence of antibodies di-

ected against novel SARS-CoV-2 VOC and their induction following

hird-primary or booster immunisation is of critical importance in

uiding public health policy during the ongoing SARS-CoV-2 pan-

emic. This knowledge is of particular relevance to immunologi-

ally vulnerable groups who either do not make a robust serolog-

cal response to vaccination or fail to retain a serological response

ver time. In this study, we provide evidence supporting the need

f a third dose of vaccination due to a waning antibody response

t 6 months and the broadly cross-reactive humoral immunogenic-

ty of the third vaccine dose against rapidly evolving SARS-CoV-2

OC in healthy, CEV, and HD patients. However, it is important to

ote that antibody binding doesn’t necessarily equate with func-

ionality of antibodies, particularly in immunosuppressed individ-

als. Therefore, this is the best-case scenario and this study will

eed to be repeated with neutralisation assays going forward. 
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Fig. 1. Percentage of cohort with antibodies against Wuhan, Delta and Omicron strain. 

A-Detection of anti- Wuhan spike IgG in pre-2019 controls, a dialysis population, a cohort of health care workers who have had three PFZ vaccines and a Clinically Extremely 

Vulnerable population in general practice who have had two AZ and one PFZ vaccine. Results are given for pre and post 3rd dose of vaccination. Percentage of cohort that 

are considered seropositive are included above the dot plots. The red line represents the median of the seropositive individuals in that cohort. 

B-Detection of anti-Delta spike IgG for the same populations. 

C-Detection of anti- Omicron spike IgG for the same populations 

Pre- pre-3rd dose of vaccine and 6 months post 2nd dose. Post- 28 days post 3rd dose of vaccine. PPP- 3 Pfizer-BioNtech vaccines given in this cohort. AAP- two AstraZeneca 

ChAdOx1 nCoV-19 vaccines and the one Pfizer-BioNtech vaccine given in this cohort. (For interpretation of the references to colour in this figure legend, the reader is referred 

to the web version of this article.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

COVID-19 Rapid Response Rolling Call. The COVID-HD Birmingham

Study Group include Claire Backhouse, Anna Casey, Lynsey Dunbar,
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ter Nightingale, Liz Ratcliffe, Stephanie Stringer, Matthew Tabinor,

Sian Faustini, Adam Cunningham, Alex Richter, Lorraine Harper.

The PITCH study Group include Susanna Dunachie, Paul Klenerman,

Lance Turtle, Thushan de Silva, Christopher Duncan, Rebecca Payne,

Alex Richter, Ellie Barnes, Miles Carroll, Alexandra Deeks, Christina

Dold. 

Supplementary materials 

Supplementary material associated with this article can be

found, in the online version, at doi: 10.1016/j.jinf.2022.01.002 . 
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ear Editor, 

We read with great interest the analyses that suggested the

ontrol measures for COVID-19 likely reduced the infections of tu-

erculosis and influenza, but not the infections of human immun-

deficiency virus and hepatitis C virus, possibly because these four

iseases are transmitted through different routes. 1-3 In theory, the

imilar effects could be observed on multiple infectious diseases in

hina, because China also implemented strict and costly measures,

uch as lockdown of cities, mass restriction of travelling and gath-

ring, mass isolation, mass mask wearing, and mass disinfection,

or the control of COVID-19 caused by SARS-CoV-2 in 2020. 4 Here

e provided data to test this theoretical inference that is impor-

ant for calculating the benefits of the strict and costly measures

or combating the COVID-19 pandemic. 

Over 30 important infectious diseases were listed as Class A

r B infectious diseases in China. The numbers of new cases of

hese diseases are reported monthly at the official website of

ational Health Commission of China ( http://www.nhc.gov.cn/jkj/

3578/new _ list.shtml ). We collected these numbers of the years

010 −2020 from this official website. We excluded the numbers

f the pandemic H1N1 subtype influenza, hepatitis D, human in-
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Fig. 1. Changes in the annual new cases of 26 infectious diseases in China over time compared with the relevant averages during the years 2010 −2019. HFRS, hemorrhagic 

fever with renal syndrome; NM-meningitis, Neisseria meningitidis meningitis; UV-hepatitis, unclassified viral hepatitis; BA-dysentery, bacillary and amoebic dysentery; AIDS, 

acquired immune deficiency syndrome. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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fection with H7 subtype avian influenza, and COVID-19, because

these diseases were not listed as Class A or B infectious diseases in

all the years 2010 −2020. We also excluded the numbers of plague,

severe acute respiratory syndrome (SARS), human infection with

H5 subtype avian influenza, poliomyelitis, and diphtheria, because

of low incidences of these diseases ( < 10 cases/year or < 21 cases

during the years 2010 −2020). 

We analyzed the numbers of the remaining 26 infectious dis-

eases listed in Fig. 1 , and statistical significance was calculated

throughout using the T test compared with the averages of the

years 2010 −2019, if not specified. 

The total new cases of these 26 major infectious diseases de-

clined significantly by ∼16.4% in China in 2020 ( P < 0.05) ( Fig. 1 A).

The incidences of the five infectious diseases mainly transmit-

ted through oral or nasal routes (IDMTTONRs), including scar-

let fever, typhoid & paratyphoid, pulmonary tuberculosis, hemor-

rhagic fever with renal syndrome, and hepatitis E, declined signif-

icantly by 24.0 − 71.5% in 2020 ( P < 0.05 by the T test) ( Fig. 1 B).

The incidences of two other IDMTTONRs, hepatitis A and Neisse-

ria meningitidis meningitis, declined in 2020 significantly, as com-

pared with the numbers of the years 2012 −2019 ( P < 0.05 by the

T test) ( Fig. 1 B). Pertussis, which is also an IDMTTONR, increased

significantly in its incidence in China during the years 2010 −2019

( P < 0.05 by the Mann-Kendall test), sharing the same resurging

trend with many other countries. 5 The incidence declined signif-

icantly in 2020 by 56.9 − 85.1% compared with the incidences in

the years 2017 −2019 ( Fig. 1 C). 

The incidences of rabies, neonatal tetanus, malaria, bacillary

and amoebic dysentery, and unclassified viral hepatitis declined

by 28.7 − 57.7% in 2020 compared with the year 2019 ( Fig. 1 D).

These changes possibly resulted from some reasons that existed

before 2020, because they declined significantly during the years

2010 −2019 ( P < 0.05 by the Mann-Kendall test). 

The incidences of measles, Japanese encephalitis, cholera, schis-

tosomiasis, and Dengue fever changed greatly during the years

2010 −2019, and the incidences of these diseases all declined in

2020, although not significantly in statistics ( Fig. 1 E). 

The incidences of the infectious diseases mainly transmitted

sexually, through blood, or from domestic animals, including AIDS,

gonorrhea, syphilis, hepatitis B, hepatitis C, brucellosis, leptospiro-

 

is, and anthrax, increased by from −9.9% to 34.3% without statis-

ical significance ( P > 0.05) ( Fig. 1 F and Fig. 1 G). The incidence of

IDS increased significantly during the years 2010 −2019 ( P < 0.05

y the Mann-Kendall test), and this incidence kept relatively high

n 2020 ( Fig. 1 F). 

Together, changes of the incidences of the above 26 infectious

iseases supported the theoretical inference that the strict and

ostly measures for the control of COVID-19 in China likely re-

uced significantly new cases of multiple IDMTTONRs, and they

ikely did not reduce new cases of infectious diseases mainly trans-

itted sexually, through blood, or from domestic animals. This is

mportant for calculating the costs and benefits of the COVID-19

ontrol measures and making rational decisions for pandemic con-

rol. 

An analysis on the same topic was published using the data of

wo (2019 −2020) or five (2016 −2020) years, with the same conclu-

ion on the IDMTTONRs and the contrary conclusion on infectious

iseases mainly transmitted sexually, through blood, or from do-

estic animals. 6 By contrast, this report employed the data of 11

ears (2010 −2020), and therefore, this report revealed the longer

rends of the analyzed diseases and excluded more confounding

actors in making conclusions. 
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ear Editor, 

We have read with interest the study by Lamb et al . on the real-

orld performance of a lateral flow immunoassay antigen device

LFD) for regular COVID-19 testing of hospital workers 1 . LFDs have

ound widespread application for broad-range screening, with sub-

equent confirmation of LFA-positive cases by RT-qPCR. While, in

ractice, an acceptably low number of positive LFD results turned

ut as false positives when validated with RT-qPCR, there is accu-

ulating evidence that the number of positive cases missed, i.e. ,

alse negative results obtained with LFDs is unacceptably high 

2 .

he LFD used in the study by Lamb et al. (Innova Medical Group,

SA) had a high positive predictive value (PPV) when frequently

sed during periods of high prevalence of COVID-19. As the au-

hors did not use the same sample for confirmation by RT-qPCR,

owever, it was not possible to directly link the test outcome to a

ertain cT value, or to evaluate the specificity 1 . 

We selected 10 common LFDs [ Abbott (Panbio, Abbott Rapid Di-

gnostics Jena GmbH, Jena, Germany), Acon (Flowflex, Acon Labo-

atories Inc., CA, USA), Clungene (Hangzhou Clungene Biotech Co.,

td., Tianjin, China), Joysbio (Joysbio (Tianjin) Biotechnology Co.,

td., Tianjin, China), Lepu Medical (Beijing Lepu Medical Technol-
fect 2020; 81 (2):e104–5 PubMed PMID: 32445724. Pubmed Central PMCID:
PMC7240256. Epub 2020/05/24. doi: 10.1016/j.jinf.2020.05.036 . 
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4. Chen X., Gong W., Wu X., Zhao W.. Estimating economic losses caused by
COVID-19 under multiple control measure scenarios with a coupled infectious

disease-economic model: a case study in Wuhan, China. Int J Environ Res Public

Health 2021; 18 (22):11753 PubMed PMID: 34831508. Pubmed Central PMCID:
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erformance of lateral flow assays for SARS-CoV-2 

ompared to RT-qPCR 
gy Co., Ltd., Peking, China), Nadal (nal von minden GmbH, Moers,

ermany), Orient (Zhejiang Orient Gene Biotech Co., Ltd., Zhejiang,

hina), Realy Tech (Hangzhou Realy Tech Co., Ltd., Zhejiang, China),

oche (SD Biosensors, Gyeonggi-do, Republic of Korea), Siemens

Clinitest, Healgen Scientific Ltd., TX, USA)] and evaluated their

erformance using samples assigned for routine RT-qPCR screen-

ng of patients at the local university hospital between May and

ovember 2021. 

Fig. 1 

Table 1 

All clinical specimens were anonymized nasopharyngeal swabs

n universal transport medium (119 positive and 55 negative) per-

ormed by trained personnel. All tests were performed in paral-

el using aliquots of the same samples. Samples were stored for

 maximum of 48 h at 4 °C. The distribution of the cT-values of

ur samples was as follows: cT < 20, n = 16; 20–25, n = 31; 25–

0, n = 31; 30–35; n = 29; > 35; n = 12. Highest sensitivity was

chieved by Nadal (79%), which however yielded the highest num-

er of false positive results (31) and hence the lowest specificity

44%). Comparatively high sensitivity was achieved by Abbott (62%)

nd Orient (56%). Lowest sensitivity was achieved by Joysbio (33%)

nd Acon (33%). In the subset of samples with cT-values of < 25,

ensitivity ranged from 68% to 91% (Nadal 94%). Siemens, Clungene

nd Acon showed no false positive results. 

Binomial logistic regression analysis was applied to model the

robability of obtaining a positive LFD result depending on the cT-

alue assuming 40 for PCR-negative tests or neglecting negative

est results. We estimated the confidence intervals (CI) via non-

arametric bootstrapping with 10 0.0 0 0 iterations. 

In accordance with Lamb et al . and similar other studies, our

tudy confirms that LFDs are suitable to identify potential super-

preaders with low cT values and to prevent large cluster forma-

ion, e.g. , in hospitals 1 , 3 , 4 , however, regardless of the manufacturer,

hey are not likely to contribute significantly to control the infec-

ion dynamics caused by carriers of low viral load or by asymp-

omatic individuals, including those at early stages of infection. 

It should be noted that cT values can vary among clinical labo-

atories, depending on the method for RNA extraction and the PCR

its used. As an example, in a study involving 123 participating

ertified laboratories in Austria including our lab, a variation in cT

alues of ± 4.7 cycles was observed 

5 . 

Samples in our study were exclusively obtained via nasopha-

yngeal swabs by professionals, whereas other techniques, such as

he common anterior nasal swab or incorrect swabbing by non-

rained personal may significantly decrease in vitro virus concen-

ration, and thus can increase the cT-values by several orders of

agnitude 6-8 leading to a further loss of sensitivity. In the light of

he repeated emergence of SARS-CoV-2 variants, one may also be

orried about decreased sensitivity due to altered surface proteins,

hich are recognized be the LFD antibodies 9 . 

Based on our data, we conclude that LFDs cannot be recom-

ended for general broad-range screening for SARS-CoV-2 infec-

ion in an asymptomatic population. At high infection dynamics

owever, insufficient PCR test capacities lead to logistic difficulties,

n increased time-to-result, as well as decreased sensitivity related

o sample pooling. In such settings, the short time-to-result of LFDs

ay support the timely identification and isolation of individuals

ith high viral load to dampen the dynamics of spread, as sug-

ested by Lamb et al . 1 . 
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Fig. 1. illustrates the predicted LFD results based on cT values by RT-qPCR. The gray lines and areas indicate the predicted probability of a positive outcome and the 95% 

confidence derived from the logistic regression of all samples (imputed cT-value for PCR-negative samples = 40.0). The red line indicates the predicted probabilities of PCR- 

positive samples only. Bars on the top and on the bottom indicate positive and negative LFD test results, respectively. Red bars indicate false results, while correct results 

are indicated in blue. 
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Table 1 

shows the cT thresholds at which 50% and 95% of the LFD test results become positive; in case of a50 and a95 all sam- 

ples (imputed cT-value for PCR-negative samples = 40), in case of p50 and p95 only positive samples were considered. 

Brackets indicate the limit of the lower and upper 95% confidence interval. 

LFA TP TN FP FN a50 a95 p50 p95 

Abott 76 38 15 43 32.1 [30.0; 34.3] 14.4 [14.0; NA] 30.2 [28.3; 32.5] 18.4 [14.7; NA] 

Acon 39 55 0 80 23.5 [22.6; 24.4] 19.9 [18.4; 21.7] 23.5 [22.6; 24.4] 19.9 [18.4; 21.7] 

Clungene 57 54 0 58 26.4 [25.4; 27.5] 21.0 [19.3; 23.1] 26.4 [25.4; 27.5] 20.9 [19.1; 23.0] 

Joysbio 35 54 1 84 22.8 [21.6; 23.8] 16.2 [14.1; NA] 22.8 [21.8; 23.8] 18.0 [15.4; 20.4] 

Lepu 53 48 7 66 25.7 [23.2; 27.8] NA 25.4 [23.4; 27.6] NA 

Nadal 94 24 31 25 40.0 [NA; NA] NA 40.0 [34.5; NA] NA 

Orient 69 54 1 50 28.3 [26.6; 30.0] 16.3 [14.1; NA] 29.0 [26.9; 31.7] 14.0 [13.9; NA] 

Realy.Tech 59 49 6 60 27.4 [25.7; 29.0] 14.3 [13.9; NA] 26.7 [25.4; 28.3] 17.6 [14.5; NA] 

Roche 62 49 6 57 27.9 [26.3; 29.6] 15.6 [14.0; NA] 27.2 [25.8; 28.7] 18.6 [15.4; 21.7] 

Siemens 53 55 0 66 25.7 [24.5; 26.9] 19.0 [16.6; 21.6] 25.7 [24.5; 26.9] 18.9 [16.2; 21.5] 
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Dear Editor, 

A recent report from Spain in your journal reported that SARS-

CoV-2 viral loads in children were lower than that in adults 1 ,

consistent with findings from previous studies. 2 , 3 However, oth-

ers have documented comparable SARS-CoV-2 RNA loads between

children and adults. 4 , 5 In addition to these inconsistent findings,

the role of children as drivers of SARS-CoV-2 transmission remains

poorly understood. 6 Therefore, better understanding of SARS-CoV-

2 RNA loads in children, and the prevalence of children among

those with SARS-CoV-2 infection remains critical to inform infec-

tion control measures. Here, we focused our analysis on SARS-CoV-

2 prevalence and RNA loads in children and adults detected in Da

Nang city, central Vietnam between July 1, 2021 and September

30, 2021.The present study formed part of the national COVID-19

outbreak response. Accordingly, obtaining inform consent from the

study participants were deemed unnecessary. 

Central to the COVID-19 outbreak response in Da Nang city has

been a cost-effective sam ple pooling strategy for mass screening of

SARS-CoV-2. 7 , 8 Accordingly, SARS-CoV-2 testing was performed on

any contacts of a confirmed case, regardless of clinical status, and

on all those living in areas of the city with ongoing community

transmission or arriving in Da Nang city from other provinces/cities

with on-going community transmission. 

We extracted available demographic information and data on

Ct values of SARS-CoV-2 RT-PCR obtained from the aforementioned

community screening. To identify the responsible SARS-CoV-2 vari-

ant, a convenient sample of nasopharyngeal swabs with sufficient

volume and viral loads were whole-genome sequenced using AR-

TIC3 protocol as previously described. 9 

During the study period, Da Nang city experienced an outbreak

of COVID-19 with 4590 PCR-confirmed cases detected after testing

over 3.3 million people. The majority of cases were detected in Au-

gust and early September 2021 ( Fig. 1 ). Information about demo-

graphic and SARS-CoV-2 RT-PCR Ct values was available from 3040

individuals, accounting for 66.2% of the reported cases. The 3040

study participants included 1408 (46.3%) males and 1632 (53.7%)

females, and were aged from 1 to 97 years (median: 36 years). 629

were children (median in years: 11, range, 1–17 years), accounting

for 20.7% of the total PCR-confirmed cases included for analysis. 

The SARS-CoV-2 RT-PCR Ct values of the whole group ranged

between 10 and 39 (median: 20). Compared with adults, chil-

dren had higher Ct values (i.e. lower RNA loads): median (range):

20 (13–39) vs. 19 (10–39) ( p < 0.001) ( Fig. 2 A) . Among adults
SARS-CoV-2 RNA loads in Vietnamese children 
Fig. 1. Epidemic curve depicting the number of cases tested positive for SARS-CoV- 

2 between July 1, 2021 and September 30, 2021 in Da Nang City (Red) and the 

number of cases included for analysis during the same period (blue) (For interpre- 

tation of the references to color in this figure legend, the reader is referred to the 

web version of this article.). 
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ut not children, females had higher RNA loads than males:

edian Ct value (range): 19 (11–39) vs. 20 (10–39) ( p < 0.001)

 Fig. 2 B ). Among children, lower Ct values (i.e. higher RNA loads)

ere detected among those between 0 to 1 and 12–17 years

ld than those between 5 and 11 years old: median (range):

0 (13–37), 21 (14–39) and 19.5 (14–37) respectively ( p < 0.003)

 Fig. 2 C ). 

A total of 64 SARS-CoV-2 whole-genome sequences were ob-

ained, including 16 (25%) from children and 48 (75%) from adults.

ll were assigned to the SARS-CoV-2 Delta variant (sub-lineage

Y57) by Pangolin, and lineage 21I by Nextstrain ( Supplementary

ig. 1 ). The lineage 21I, including sub-lineage AY57, is one of the

hree reported clades of the Delta variant. Details about the genetic

iversity of SARS-CoV-2 Delta variant detected across Vietnam will

e described in a separate report. 

Here, we showed that children accounted for a substantial pro-

ortion of PCR confirmed cases of SARS-CoV-2 infection detected

hrough mass screening in Da Nang city, Vietnam. Consistent with

revious reports, 2 , 3 we showed that children carried lower RNA

oads than adults did. Yet, 50% of the infected children across age

roups had a Ct value of ≤21 (i.e. high RNA loads). Although we

id not perform virus culture to demonstrate the presence of live

irus in PCR positive samples, previous studies showed that Ct val-

es < 24 were highly predictive of virus culture positivity (i.e. in-

ectiousness). 2 , 10 These data suggested that children might play an

mportant role in the transmission of SAR-CoV-2. Because the cur-

ent COVID-19 vaccination program does not cover children below

 years old, the rapid vaccine deployment worldwide may make

he role of young children in the transmission of SARS-CoV-2 more

mportant in the near future. The observed higher RNA loads in

emale adults than in male adults merits further research, in par-

icular whether high viral burden is associated with more severe

isease. 

Our sequencing results have expanded the geographic distri-

ution of the SARS-CoV-2 variant 21I, one of the three reported

lades of the Delta variant. SARS-CoV-2 Delta variant accounted

or 100% of the SARS-CoV-2 whole-genome sequences from Viet-

am deposited to GISIAD since June 2021 (gisaid.org). Therefore,

he demographic and virological features described here might be

xtrapolated for SARS-CoV-2 Delta variant infection in Vietnamese

eople. 

The strength of our study includes that we included the ma-

ority of cases tested positive through mass screening for analysis

egardless of the clinical presentations. As such, our data more ac-

urately reflect the RNA loads of SARS-CoV-2 in children, whether

r not they develop symptoms. Indeed, the proportion of children

mong SARS-CoV-2 PCR confirmed cases in the present study was

omparable with that from a recent community-based study in the

SA. 4 However, since we did not follow up the participants during

uarantine/hospitalization, we were not able to assess the kinet-

cs of RNA loads over the course of the infection. A previous study

howed children had a faster SARS-CoV-2 clearance than adults. 5 

dditionally, we were not able to compare the RNA loads between

symptomatic and symptomatic infections in children, although a

revious report demonstrated that these two groups had compara-

le RNA loads. 5 

In summary, we report that children accounted for 20.7% of

T-PCR confirmed cases of SARS-CoV-2 infection detected during

 community outbreak in Da Nang City, Vietnam. High RNA loads

i.e. Ct values of ≤21) were recorded in half of the infected children

cross age groups. The contribution of children, especially those

ot eligible for the current COVID-19 vaccination program, to the

ransmission dynamics of SARS-CoV-2 requires further research. 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2022.01.010&domain=pdf
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Fig. 2. SARS-CoV-2 RNA loads comparison between children and adults (A), between males and females (B), and subgroups of children (C) Mann-Whitney U test was used 

two compared between two groups (panel A and B), and Kruskal-Wallis test was used to compare between three age groups among children (panel C). 
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