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Table 1 

Clinical characteristics and treatment outcomes of patients with COVID-19 

pneumonia. 

Clinical characteristics and treatment outcomes (N = 48) No. (%) 

Sex (men), n (%) 24 (50.0%) 

Age, median (IQR) 63 (51-71) 

Length of hospital stay, mean days (SD) 20.2 (11.5) 

Underlying disease, n (%) 20 (41.7%) 

Diabetes, n (%) 15 (31.3%) 

Cardiovascular diseases, n (%) 4 (8.3%) 

Solid cancer, n (%) 3 (6.3%) 

COVID-19 vaccination (any dose), n (%) 12 (25.0%) 

WHO COVID-19 ordinal scale at enrollment, n (%) 

Score 4, Oxygen by mask or nasal prongs, n (%) 7 (14.6%) 

Score 5, Non-invasive ventilation or high-flow oxygen, 

n (%) 

39 (81.3%) 

Score 6, Intubation and mechanical ventilation, n (%) 2 (4.2%) 

Mechanical ventilation, n (%) 15 (31.3%) 

ECMO, n (%) 8 (16.7%) 

Death, n (%) 8 (16.7%) 

Dexamethasone treatment, n (%) 48 (100%) 

Dexamethasone dose 

6-10 mg/day, n (%) 42 (87.5%) 

> 10 mg/day, n (%) 6 (12.5%) 

Dexamethasone treatment duration 

1-10 days, n (%) 21 (43.8%) 

11-20 days, n (%) 19 (39.6%) 

> 20 days, n (%) 8 (16.7%) 

Remdesivir treatment, n (%) 46 (95.8%) 

Duration of remdesivir treatment, mean days (SD) 5.5 (1.5) 

Interval from symptom onset to remdesivir treatment, 

mean days (SD) 

6.2 (3.3) 

† Monoclonal antibody treatment, n (%) 1 (2.1%) 

Abbreviations; IQR, interquartile range; SD, standard deviation; COVID-19, 

coronavirus disease 2019; WHO, World Health Organization; ECMO, extra- 

corporeal membrane oxygenation 
† Regdanvimab (Regkirona TM ), manufactured by Celltrion, Inc. 
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Dear Editor, 

In a recent systemic literature review, Walsh et al. reported

that viral load of severe acute respiratory syndrome-coronavirus-

2 (SARS-CoV-2) peaks around symptom onset, and becomes un-

detectable about two weeks after symptom onset. 1 However, some

studies have revealed that infectious SARS-CoV-2 shedding was de-

tectable up to 20 days of symptom onset. 2 , 3 In patients with severe

coronavirus disease 2019 (COVID-19), the duration of SARS-CoV-2

shedding is an issue in infection control and isolation strategies.

The current standard treatment (remdesivir and dexamethasone)

might influence the duration of infectious viral shedding. However,

there have been scarce studies which investigated the duration of

viable virus shedding in severe COVID-19 patients, who received

anti-inflammatory and antiviral therapy with dexamethasone and

remdesivir. 

This study analyzed the duration of viable virus shedding in

COVID-19 intensive care units of two university hospitals from

March 1 to December 31, 2021. We enrolled hospitalized patients

with COVID-19 pneumonia who required high-flow oxygen ther-

apy or had a high probability of progression to severe disease

due to underlying medical conditions. COVID-19 severity was clas-

sified using an ordinal scale proposed by the World Health Or-

ganization. 4 Paired nasopharyngeal swab samples were collected

on the day of enrollment and every other day after that. Real-

time reverse-transcriptase polymerase chain reaction (RT-PCR) and

plaque assays were conducted to detect viable SARS-CoV-2 using

the cell culture method (supplementary appendix). In addition, the

SARS-CoV-2 rapid antigen test, STANDARD 

TM Q COVID-19 Ag Test

(SD Biosensor, Inc.) was used to evaluate the association between

the results of the rapid kit and infectious virus shedding. Serum

samples were collected on 7th and 14th day after symptom on-

set to detect the anti-S immunoglobulin G antibody levels using

the Elecsys® Anti-SARS-CoV-2 S assay (Roche, Rotkreuz, Switzer-

land). The study protocol was approved by the Institutional Re-

view Boards of Korea University Guro Hospital (2021GR0096) and

Ajou University Hospital (AJIRB-BMR-SMP-21-030). Informed con-

sent was obtained from the patients or their immediate family

members. 

Among the 48 enrolled patients with COVID-19 pneumonia, 50%

( n = 24) were men with a median age of 60 years, while 20 pa-

tients (41.7%) had comorbidities ( Table 1 ). High-flow oxygen ther-

apy was required in 85.4% of the patients ( n = 41). Mechanical

ventilation was required in 31.3% of the patients ( n = 15), while

16.7% ( n = 8) were supported by extracorporeal membrane oxy-

genation. Eight patients died during hospitalization. All patients

received more than 6 mg/day of dexamethasone, and 46 patients

a  

https://doi.org/10.1016/j.jinf.2022.03.022 
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95.8%) were treated with remdesivir for five days or more. Among

he 160 nasopharyngeal specimens, 17 yielded a positive culture

esult from days 3 to 18 after symptom onset ( Fig. 1 A). Infectious

irus samples were not detected after the third dose of remdesivir

200 mg intravenously (IV) on day 1, then 100 mg IV daily from

ay 2) despite high-dose dexamethasone treatment ( Fig. 1 B). Rapid

ntigen test (RAT) was positive in 80% (4/5) of culture-positive

amples and in 15.6% (10/64) of culture-negative samples (Fig. S1).

he positive and negative predictive values of RAT for detecting

iable viruses were 28.6% and 98.2%, respectively. The geometric

ean titer of immunoglobulin-G anti-S antibody on days 7 and 14

fter symptom onset were 28.6 U/mL and 217.8 U/mL, respectively

Fig. S2). 

Based on a clinical trial, the cycle threshold (Ct) value of RT-

CR was not significantly reduced by remdesivir. 5 However, this

tudy showed that SARS-CoV-2 shedding significantly decreased

fter remdesivir treatment, regardless of the Ct value. Early de-
eserved. 

https://doi.org/10.1016/j.jinf.2022.03.022
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Fig. 1. Correlation between viable severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) shedding and cycle-threshold (Ct) values according to time from symptom 

onset (A) and start of remdesivir treatment (B). 
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solation can be done after remdesivir treatment, even in patients

ith severe COVID-19. RAT is a viable adjunctive tool that guides

he decision to terminate the isolation period. 6 
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Dear Editor, 

We read with great interest the Navarro-Carrera et al . article

describing a patient receiving ravulizumab, a complement com-

ponent C5 inhibitor, in whom the BioFire® FilmArray® Menin-

gitis/Encephalitis Panel (BioFire® ME Panel, BioFire Diagnostics,

bioMérieux, Marcy l’Etoile, France) successfully identified Neisse-

ria meningitidis in cerebrospinal fluid (CSF). 1 The FilmArray® ME

panel is designed to detect the 14 most frequent pathogens causing

meningitis and/or encephalitis, including six bacteria ( Escherichia

coli K1, Haemophilus influenzae, Listeria monocytogenes, Neisseria

meningitidis, Streptococcus agalactiae , and S. pneumoniae ), seven

viruses (cytomegalovirus, enterovirus, herpes simplex viruses type

1 and 2 [HSV-1 and HSV-2], human herpesvirus type 6 [HHV-

6], human parechovirus, and varicella-zoster virus [VZV]), and one

fungus ( Cryptococcus neoformans/gattii ). The FilmArray® ME panel

was launched in Taiwan in 2020 and approved for reimbursement

by the National Health Insurance Administration of the Ministry of

Health and Welfare in 2021. 

From January 1 to December 31, 2021, cerebrospinal fluid (CSF)

samples were obtained from 443 patients with suspected menin-

gitis/encephalitis who were treated in different departments of

China Medical University Hospital, a 2100-bed University-affiliated

hospital located in Taichung, Taiwan. All CSF samples were tested

for microbial pathogens using the FilmArray® ME panel, in addi-

tion to conventional microbiological culture and serological meth-

ods ( Table 1 ). Among these, 33 (7.5%) tested positive. The tar-

get pathogens detected included seven (21.2%) bacteria (three E.

coli K1 and four S. agalactiae ), 20 (60.6%) viruses (seven VZV, five
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Multiplex PCR rapid testing for meningitis/encephalitis 
SV-2, and three HHV-6, four human parechovirus, and one HSV-

). Besides, six samples (18.2%) contained the fungus ( C. neofor-

ans/gattii ). No N. meningitidis was detected using the ME panel.

o confirm the diagnosis, blood and CSF cultures were used to

dentify the bacterial pathogens. In addition to CSF cultures for

iruses, biochemical tests on CSF (glucose and protein levels and

hite blood cell [WBC] counts), PCR typing for HSVs, and detection

f IgGs and IgMs for VZV, HSV-1, and HSV-2 were used to elucidate

he viral pathogens. Cryptococcal antigen and India ink stains were

sed to detect C. neoformans/gattii infection in the blood and CSF

ultures ( Table 1 ). In patients with positive ME panel results, two

28.6%) bacterial, four (20%) viral, and six (100%) fungal samples

howed abnormal glucose levels in the CSF specimens. Six (85.7%)

acterial, 14 (70%) viral, and six (100%) fungal cases had abnor-

al CSF protein levels. Five (71.4%) bacterial, 11 (55%) viral, and six

100%) cases had pleocytosis ( > 5 WBCs per microliter in the CSF).

nterestingly, two of the CSF specimens from patients with bacte-

ial meningitis showed negative bacterial growth, whereas the bio-

hemistry tests remained normal. These false-positive results may

e due to a contaminated working area in the clinic. In seven CSF

amples identified as VZV infections by ME panels, none were pos-

tive in the CSF cultures. However, three patients with VZV infec-

ion were confirmed by the detection of VZV IgG in the serum. In

ve CSF specimens identified with HSV-2 infections, two were fur-

her confirmed as HSV-2 infections with HSV PCR tests and sero-

ogical antibody levels. Interestingly, the patients also showed pos-

tive results for HSV-1 antibodies, which may have been caused by

revious infection with HSV-1. Among the four specimens infected

ith human parechovirus, all samples showed increased protein

nd WBC levels in the CSF, and one of the specimens was pos-

tive for enterovirus infection upon CSF culture. Most of the pa-

ients with HHV-6 infections were asymptomatic. Infection is usu-

lly temporary and can be cured with supportive treatment and

ntiviral treatment is not necessary. All specimens infected with

SV-1 and C. neoformans/gattii were confirmed using PCR tests and

SF cultures. 

In this study, no N. meningitidis was identified in 2021. In Tai-

an, the incidence of invasive meningococcal disease (IMD), a no-

ifiable infectious disease in Taiwan, was low and was estimated

o be 0.0 08–0.192 cases/10 0,0 0 0 persons in 1993–2019. 2 During

he COVID-19 epidemic, the number of cases of IMD reported to

aiwan Centers for Disease Control in 2020 and 2021 was four

nd three, respectively ( https://nidss.cdc.gov.tw/nndss/disease?id=

25 ). 3 

Timely recognition of causative pathogens is critical for the ap-

ropriate management and improved outcome of patients with

entral nervous system infections. The conventional microbio-

ogical culture of CSF for the detection of bacteria, fungi, and

iruses (the gold-standard method for the diagnosis of meningi-

is/encephalitis), is time-consuming and labor-intensive. In con-

rast, the BioFire® ME panel using a multiplex PCR technique can

rovide results within one hour. 4 , 5 In addition, the sensitivity of

icrobial cultures of CSF decreases with empirical treatment. 3 This

tudy highlights the importance of rapid diagnostic techniques

ith high specificity and sensitivity to minimize the cost of time

n testing, shorten the length of time in hospital stays, and reduce

he use of antibiotics. 
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Table 1 

Diagnosis of pathogens using the BioFire® FilmArray® Meningitis/Encephalitis Panel (BioFire® ME Panel) along with conventional microbiological culture and serological 

methods. 

Target E. coli K1 S. agalactiae VZV HSV-1 HSV-2 HHV-6 

Human 

parechovirus 

C. neofor- 

mans/gattii 

BioFire® ME Panel results (no. of 

positive tests) 

3 4 7 1 5 3 4 6 

Abnormal CSF glucose level 

Normal range: 40–70 mg/dL 

(no. of positive tests / no. of total 

tested) 

1/3 1/4 5/7 1/1 0/5 0/3 2/4 6/6 

Abnormal CSF protein level 

Normal range: 15–45 mg/dL (no. 

of positive tests / no. of total 

tested) 

2/3 4/4 5/7 0/1 4/5 1/3 4/4 6/6 

Abnormal CSF WBC counts 

Normal range: < 5 cells/ μL (no. 

of positive tests / no. of total 

tested) 

2/3 3/4 4/7 0/1 4/5 1/3 3/4 6/6 

CSF cultures (no. of positive 

cultures / no. of total tested) 

2/3 1/4 0/7 1/1 0/5 0/3 1/4 6/6 

India ink stains in CSF (no. of 

positive stains/no. of total tested) 

0/3 0/4 0/7 0/1 0/5 0/3 0/4 6/6 

Blood cultures (no. of positive 

cultures / no. of total tested) 

1/3 1/4 0/7 0/1 0/5 0/3 0/4 1/6 

PCR for HSVs in CSF (no. of 

positive cultures / no. of total 

tested) 

0/3 0/4 0/7 1/1 2/5 0/3 0/4 0/6 

Serology tests VZV IgG 0/3 0/4 3/7 0/1 0/5 0/3 0/4 0/6 

VZV IgM 0/3 0/4 0/7 0/1 0/5 0/3 0/4 0/6 

HSV-1 IgG 0/3 0/4 0/7 1/1 2/5 0/3 0/4 0/6 

HSV-1 IgM 0/3 0/4 0/7 0/1 1/5 0/3 0/4 0/6 

HSV-2 IgG 0/3 0/4 0/7 0/1 2/5 0/3 0/4 0/6 

HSV-2 IgM 0/3 0/4 0/7 0/1 1/5 0/3 0/4 0/6 

CSF, cerebrospinal fluid; VZV, varicella zoster virus; HSV-1, herpes simplex virus type 1; HSV-2, herpes simplex virus type 2; HHV-6, human herpes virus type 6; NR, normal 

range; WBC, white blood cell. 
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ear Editor, 

Androgen receptor (AR) is an important transcription factor;

hus, androgen and AR-associated pathways play pivotal roles

n the progression of several diseases, including prostate cancer

PCa), benign prostatic hyperplasia (BPH), breast cancer, acne, and

lopecia [ 1 , 2 ]. Anti-androgen therapy is widely used for the clinical

reatment of prostatic diseases, including androgen deprivation

herapy (ADT) via surgical castration, pharmacological castration, 

r androgen receptor blocked therapy for PCa, and 5 alpha-

eductase inhibitor (5ARI) for BPH. Influenced by the COVID-19

andemic, the effects of SARS-CoV-2 on patients receiving anti-

ndrogen therapy have attracted increasing attention. Montopoli et

l. [3] first reported the potential impact of anti-androgen therapy

n SARS-CoV-2 infection, where ADT may provide partial protec-

ion of PCa patients from SARS-CoV-2 infection. Lyon et al. [4] also

emonstrated a reduction in community-acquired SARS-CoV-2 in-
1 Yu-Chuan Tseng and Peter B-C. Lin contributed equally to this

work. 
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rotective trend of anti-androgen therapy during the 

OVID-19 pandemic: A meta-analysis 
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fection with long-term 5ARI administration. However, inconsistent

voices were also acknowledged. Notably, several clinical trials ( e.g. ,

NCT04 4 46429, NCT04530500, NCT04475601, NCT04354701) also

tested the potential protective function of anti-androgen therapy. 

In this study, we comprehensively searched publications up to

March 15, 2022, in PubMed, Google Scholar, Embase, Cochrane Li-

brary and ClinicalTrials, with the following keywords: “androgen”,

“anti-androgen therapy”, “androgen deprivation therapy”, “ADT”,

“5 alpha-reductase inhibitor”, “5ARI”, “COVID-19 ′′ , “2019-nCoV”,

“SARS-CoV-2 ′′ , “2019 novel coronavirus”, and “coronavirus disease

2019 ′′ . We also searched the reference lists of relevant reviews and

studies to avoid any missing articles within the topic. The inclu-

sion criteria were preset: (1) case control study with anti-androgen

therapy group and non-therapy group; (2) infection of SARS-CoV-2

detected by reverse transcriptase–polymerase chain reaction test;

(3) available data for each group and the accurate number of

events; (4) study populations being at least fifteen cases. Case re-

ports, repeated articles, review papers and preprints were elim-

inated. This study was conducted in accordance with the Pre-

ferred Reporting Items for Systematic Reviews and Meta-Analyses

(PRISMA) guideline. Detailed information on the enrolled studies is

listed in Tables S1 and S2. 

The “metafor ” R package was employed to perform the meta-

analysis. The odds ratio (OR) with 95% confidence interval (CI)

generated from the total number and event number was used to

evaluate the impact of anti-androgen therapy and was further in-

tegrated into the overall OR. The I 2 and Tau 2 values were cal-

culated to quantify the heterogeneity of each subset. Cumulative

meta-analysis was used to display the cumulative impact of anti-

androgen therapy on events; specifically, we accumulated the stud-

ies in the order of fewer to more patients in the control group.

Potential publication bias was evaluated by a funnel plot. 

For the evaluation of anti-androgen therapy for SARS-CoV-2 in-

fection, seven studies with a total of 53,378 samples were enrolled

for the meta-analysis; six studies received ADT treatment, and one

study received 5ARI treatment. Five studies showed a protective

trend of anti-androgen therapy to avoid SARS-CoV-2 infection, with

ORs less than one, while the remaining two studies demonstrated

a risky role with ORs higher than one. Additionally, the integra-

tive meta-analysis provided the protective trend of anti-androgen

therapy (OR = 0.89, 95% CI: 0.65–1.22, Fig. 1 A). To further under-

stand the impact of anti-androgen therapy to avoid SARS-CoV-2

infection, cumulative analysis was further conducted. The studies

were accumulated in the order of fewer to more patients in con-

trol groups to avoid sparse data bias. We observed that the ORs

remained less than one in each step after sample accumulation,

which strongly supported the findings that anti-androgen therapy

may prevent SARS-CoV-2 infection ( Fig. 2 A). 

Regarding the association assessment between anti-androgen

therapy and mortality of COVID-19, a total of 9,619 SARS-CoV-2-

infected patients from 14 studies were collected. Out of these pa-

tients, 2,615 patients received anti-androgen therapy, and 7,004

patients were treatment free. For the 14 studies, eight collected

PCa patients received ADT treatment, including three of enzalu-

tamide; two studies recruited patients ( > 18 years old) detected

with COVID-19, no matter man or woman, and given proxalu-

tamide treatment; one study applied 5ARI treatment among men

older than 20 years and without PCa. A total of 64.29% (9/14)

of the studies reported a protective trend of anti-androgen ther-

apy to avoid COVID-19-associated mortality, while the other stud-

ies demonstrated the risk of death. Integrative meta-analysis re-

vealed an overall OR of 0.85 (95% CI: 0.41–1.78; Fig. 1 B). Of note,

the cumulative meta-analysis reported that the ORs remained less

than one after the accumulation of each study, which again in-

dicated the protective trend of anti-androgen therapy to prevent

COVID-19-associated mortality ( Fig. 2 B). The funnel plots were also
erformed among the SARS-CoV-2 infection subset and COVID-19-

aused death subset (Fig. S1). The symmetrical results and Egger’s

est results (Infection subset: Z = −0.78, P = 0.44; Death subset:

 = −0.54, P = 0.59) indicated no potential publication bias. 

Angiotensin converting enzyme 2 (ACE2) is the receptor of the

ARS-CoV-2 coronavirus S1 domain of the spike protein; the com-

lex further received proteolytic cleavage by the transmembrane

rotease serine 2 (TMPRSS2), and then the virus entered the host

ell [5] . The increased morbidity and mortality in men implicates

 sex disparity of the male hormone in SARS-CoV-2 infection and

ost response. Recently, Leach et al. [6] reported that the anti-

ndrogen enzalutamide can reduce TMPRSS2 levels in the lung

ells of humans and mice and can also reduce SARS-CoV-2 en-

ry and infection into lung cells. Deng et al. [7] . revealed the AR-

inding sites located in the transcription start sites of the TMPRSS2

nd ACE2 genes and confirmed that androgen deprivation had an

ffect on the decreased expression of TMPRSS2 and ACE2, particu-

arly in lung tissues. These biological findings support the clinical

esults that anti-androgen therapy might prevent humans from the

nfection and the horrible end caused by SARS-CoV-2. 

With the pandemic of the SARS-CoV-2 omicron variant and the

linical trials that have been widely applied to human beings with

nti-androgen therapy, it is fortunate that the anti-androgen ther-

py has not caused greater harm from SARS-CoV-2 to patients. Al-

hough Welén et al. [8] reported disappointing results among en-

alutamide failure to prevent SARS-CoV-2, we still hold a favorable

xpectation of anti-androgen therapy with the protective trend

rom the meta-analysis and the biological findings; further stud-

es that enable uncovering the association between anti-androgen

herapy and COVID-19 are highly warranted. 
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Fig. 2. Cumulative meta-analysis showing the protective trend of anti-androgen therapy against SARS-CoV-2 infection and horrible end. (A) Cumulative line chart and forest 

plot showing the protective trend of anti-androgen therapy against SARS-CoV-2 infection. (B) Cumulative line chart and forest plot showing the protective trend of anti- 

androgen therapy against death. Light gray at the beginning, dark gray at the end. 
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ear Editor, 

Yang et al ., recently reported the neutralization potential of in-

ctivated vaccines amongst breakthrough cases and vaccinees with

egular and booster doses against Omicron variant. 1 The recent

mergence of heavily mutated Omicron variant has swamp the

orld with increased number of COVID-19 infections. Though Omi-

ron doesn’t cause severe disease, it has the ability to rapidly

pread and evade the immune response. 2 The global public health

xperts are mainly concerned about the immune escape potential

f the Omicron. The immune response generated against COVID-19

accines available under emergency user authorization and natural

nfection with earlier variants has been found to wane over time.

his essentially provides little protection against the newly emerg-

ng variants with immune escape potential such as Omicron and

ed to breakthrough infections and reinfections. 3–8 Andrews et al .,
levated neutralization of Omicron with sera of COVID-19 

ecovered and breakthrough cases vaccinated with 

ovaxin than two dose naïve vaccinees 
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Fig. 1. Overview of the study design and the participants. 
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ecently reported that the individuals vaccinated with two doses

f BNT162b2 or ChAdOx1 nCoV-19 vaccine didn’t develop symp-

omatic disease upon infection with variant. Beside this, booster

f any of these vaccines significantly increased protection in vac-

inees which unfortunately waned over time. 8 Covaxin, an indige-

ously developed inactivated COVID-19 vaccine has been used un-

er national vaccination program in India. Till date, millions of

oses have been administered to adult population in India. Con-

idering, the impact of third wave of pandemic aroused with Omi-

ron in India, it triggered us to study the effectiveness of Covaxin

gainst Omicron variant. Here, we assessed the sera of naïve, re-

overed and breakthrough cases vaccinated with Covaxin for its

eutralizing ability against Omicron variant. 

The study subjects were categorized into three groups i.e.,

OVID-19 naïve indi viduals vaccinated with two doses of Covaxin

 n = 52) with average age of 41.7 years (range 23–65), COVID-19

ecovered cases vaccinated with two doses of Covaxin ( n = 31)

ith average age of 41.7 years (range 26–64) and breakthrough

ases post two dose vaccination with Covaxin ( n = 40) with av-

rage age of 43.7 years (range 27–67). The sera samples of naïve,

ecovered and breakthrough cases were collected on average 97,

9 and 110 days, respectively. The breakthrough infection found

o occur on average 43 days post second vaccination. Majority of

he breakthrough cases presented with mild disease (95%) and two

ere asymptomatic (5%); while 32.5% had co-morbidities like dia-

etes, hypothyroidism, hypertension, cardiac arrhythmias and aller-

ic asthma ( Fig. 1 ). The IgG antibody response in serum samples of

ll the subjects were assessed with S1-RBD, N protein and whole

nactivated antigen ELISA and the neutralizing antibody titres were

etermined against Omicron, Delta and Beta variant compared to

he prototype B.1 variant with plaque reduction neutralization test

PRNT). 9 , 10 

The PRNT50 Geometric mean titre (GMT) of the sera of COVID

aïve, recovered and breakthrough cases were determined against

.1 [61.9 (95% CI, 40–96), 126.7 (95% CI, 69–232), 235.6 (95%

I, 126–440)]; Beta (12.6 (95% CI, 6–26), 49.9 (95% CI, 25–99),

6.3(95% CI, 28–157)]; Delta [30.1 (95% CI, 16–58), 79.2 (95% CI,

5–140), 154.1 (95% CI, 61–390)] and Omicron (4.9 (95% CI, 2–

0), 15.9 (95% CI, 6–40), 26.6 (95% CI, 14–50)]. The GMT values
ere found to be decreasing with Delta, followed by Beta and Omi-

ron variant in all the three groups. Comparative analysis of COVID

aïve cases demonstrated fold-reduction of 4.9, 2.06 and 12.49

gainst Beta, Delta, and Omicron, respectively compared to pro-

otype strain B.1. Similarly, reduction in the neutralizing antibody

NAb) titre was observed with sera of recovered and breakthrough

ases against Delta (1.60, 1.53), Beta (2.54, 3.55) and Omicron

7.98, 8.84), respectively with parental virus ( Fig. 2 A–C). A strain-

ise comparative analysis of the recovered and breakthrough cases

ompared to 2 dose vaccinated cases demonstrated higher neu-

ralization for former scenario ( Fig. 2 D–G) which were also sta-

istically significant. A two tailed Kruskal Wallis test was used to

ompare the cases with different strains. Breakthrough cases had

ighest neutralizing activity against all the variants demonstrating

ignificant increase in the immune response post infection. The re-

overed cases also showed significant immunity boost post vacci-

ation, but were lower than the breakthrough cases. Apparently,

he naïve cases had very low neutralizing titres demonstrating the

aning immunity post three months of the second dose. The Omi-

ron variant has shown a pronounced resistance to neutralization

ith the sera of all the three groups compared to B.1, Beta and

elta variant. The IgG antibody response evaluated with S1-RBD,

-protein and inactivated whole antigen ELISA also demonstrated

ncreasing pattern of GMT titres in recovered (760, 594, 205), naïve

797, 758, 150) and breakthrough cases (2573, 1770, 447), respec-

ively ( Fig. 2 H–J). 

The GMT titres of IgG and NAb clearly demonstrate highest im-

une response amongst breakthrough cases followed by recovered

nd naïve cases. Omicron was less effectively neutralized with the

era of naïve cases (12.9 fold) than recovered (7.98 fold) and break-

hrough (8.84 fold) compared to B.1 ( Fig. 2 A–C). Although, the im-

une response was less against the Omicron, it would still pro-

ected the individuals from developing severe disease, hospitaliza-

ion and mortality. 

It is well known that the higher humoral and cellular immune

esponse helps the people to protect from getting seriously ill with

ARS-CoV-2. Recently, Vadrevu et al., reported persistent humoral

nd cellular immune response in individuals vaccinated with two

oses of Covaxin against B.1, Alpha, Beta, Delta and Delta plus



842 Letter to the Editor / Journal of Infection 84 (2022) 834–872 

Fig. 2. Plaque reduction neutralization test titer and ELISA titer of sera of COVID naïve, recovered and breakthrough cases: Dot and line plot depicting the plaque reduction 

neutralization test of the individual sera vaccinated with (A) two doses of Covaxin (B) recovered and two dose Covaxin (C) breakthrough cases. Strain wise scatter plot of 

the different vaccinated cases (D) prototype B.1 (E) Beta, (F) Delta and (G) Omicron. ELISA titer of the individual sera vaccinated with different vaccinated cases against (H) 

S1-RBD (I) N protein (J) Whole inactivated virion. A two-tailed pair-wise comparison was performed using the Kruskal Wallis test with a p -value of 0.05. The dotted line on 

the figures indicates the limit of detection of the assay. Data are presented as geometric mean titer values with 95% confidence interval. 
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variants. Besides this, increased NAb response and protection was

demonstrated with booster dose of Covaxin. 11 Hence, the adminis-

tration of booster or precautionary dose is of much significance as

it provides better protection against COVID-19 disease. 
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ear Editor, 

The B.1.1.529 SARS-CoV-2 lineage, named Omicron, was recently

ivided into three lineages (BA.1, BA.2 and BA.3). BA.1 and BA.2 are

uch more dominant than BA.3. BA.1 could cause breakthrough

nfections in highly immune populations [ 1 ]. Preliminary stud-

es indicate that BA.2 can readily overcome the immunity pro-

ided by vaccination and/or infection with an earlier variant. We

sed data for the French city of Toulouse to evaluate the im-

act of the proportions of the BA.1 and BA.2 variants in positive-

esting samples and the impact of vaccination on SARS-CoV-2

roliferation. 

Our discretized version of a susceptible infectious and recov-

red (SIR)-type model has been shown well suited to studies on

he spread of SARS-CoV-2 [ 2 , 3 ]. 

The model includes a diffusion/transmission coefficient R 0 that

aries with the likelihood of contagion, and two reduction coeffi-

ients ˆ c and ˆ q that describe the impact of public health measures

n virus transmission. Values of ˆ c and ˆ q were estimated in pre-

ious studies [ 2 , 3 ]. It also takes into account a parameter p 1 de-

cribing the proportion of the B A 1 variant in urban Toulouse, and

 similar parameter p 2 for the B A 2 variant; there are also vac-

ine/immunity efficacy coefficients ̂ i 1 and 

̂ i 2 indicating the weight

f each variant in the number of new infections. The model pre-

icts how the SARS-CoV-2 virus would have evolved and projects

he daily percentage of new positive cases (see Supplementary ma-

erials S1). 

We set R 0 (D ) = 5 . 9 for the Delta variant at its peak, based

n WHO international data [ 4 ]. First elements showed that

 0 ( B A 1 ) could reach 10 [ 5 ]. We estimated the initial model

ettings using data collected by Toulouse Virology Laboratory

 Table 1 ). 

The nucleic acids in nasopharyngeal swab samples collected

t Toulouse University Hospital were extracted with the MGI

xtraction system and tested using the ThermoFisher TaqPath

T-PCR assay. All positive nasopharyngeal samples with a cycle

hreshold (Ct) value below 30 (N gene) were tested using the

D solutions screening system for mutations K417N, L452R and

484K. The Omicron BA.1 variant was identified based on Taq-

ath S gene target failure (SGTF) or S gene target late (SGTL)

etection profiles plus the presence of the K417N mutation. The

micron BA.2 variant was identified based on TaqPath non-

GTF/SGTL detection profiles plus the presence of the K417N mu-

ation. The results for a subset of 1080 positive specimens tested

ith our VOC screening strategy and those obtained by genome

equencing using Pacific Biosciences Technology [ 6 ] were 100%

oncordant. 

In addition to barrier measures, the local authorities decided to

ake mask wearing compulsory in the Toulouse area from Novem-

er 24, 2021 (week 47) as this protective measure had been shown

o reduce SARS-CoV-2 circulation among Toulouse inhabitants by

7% [ 3 ]. The BA.1 variant was the major variant ( > 90%) in the

oulouse area from January 1 to February 1 (weeks 1–4, Table 1 ).

he parameters of its R 0 (see Methods; R 0 = 10) predicted that

he percentage of new positive cases during this period would be

0.9% if 69.8% of the fully vaccinated population was as protected

gainst BA.1 infection as they were against Delta: < 88% [ 7 ] ( Fig. 1
2022 The British Infection Association. Published by Elsevier 

td. All rights reserved. 

nfluence of vaccination and prior immunity on the 

ynamics of Omicron BA.1 and BA.2 sub-variants 
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). The vaccine/immunity efficacy coefficient ̂ i 1 was about 23% af-

er correction based on the observed data (Equation 1, Supplemen-

ary S1) ( Fig. 1 C). The proportion, p 2 , of BA.2 variant increased

rom 5.5% at the end of January 2022 to 39.9% on February 21,

022 ( Table 1 ). The rate of positive RT-PCR tests should have dou-

led between February 1 and 21 if the vaccine/immunity efficacy

or BA.2 is close to 23%, the same as that for BA.1 ( Fig. 1 B). How-

ver the percentage of positive RT-PCR tests decreased from 44%

n February 4 to 19.6% on February 21 (weeks 5–7, Table 1 ). Cor-

ecting the model parameters to bring the predicted data in line

ith the observed data (Equation 2, Supplementary S1) gave a vac-

ine/immunity coefficient of 92.8% ( Fig. 1 C). 

The rapid proliferation of BA.1 was different from that of the

elta variant, which became the dominant strain in the summer

onths, when health measures were relaxed and vaccination cov-

rage lower. This indicates the great capacity of the BA.1 variant to

vade antibodies produced in response to infection with an ear-

ier strain of virus and antibodies generated by vaccination. We

howed that the Omicron BA.1 variant was more contagious than

he Delta variant because of vaccine escape resulting from the

pike mutations that alter virus neutralization rather than because

f greater virus shedding in the nasopharynx [ 8 ]. The "BA.1 wave"

eems to induce significant natural immunity against the BA.2 vari-

nt. The slowdown in the spread of the SARS-CoV-2 virus could

lso be due to the vaccine booster campaign that started at the

eginning of January 2022 when about 76% of those who were

rimo-vaccinated had been given 3 doses by mid-February 2022.

e could not distinguish between the influence of a booster vac-

ination and the immunity conferred by a BA.1 infection on the

pread of BA.2, because the two events were confounded. These

esults agree with those showing that BA.2 and BA.1 are similarly

ble to resist the neutralizing antibodies of people who had been

accinated or previously infected [ 9 ]. A slight difference in neutral-

zing capacity against Omicron BA.1 and BA.2 of natural or vaccine

ntibodies could explain a growth advantage of BA.2 over BA.1. In

 Danish study, unvaccinated individuals, like vaccinated individu-

ls, were more susceptible to BA.2 infection than to BA.1 infection

ndicating that viral properties other than immune evasion could

lso play a role in the growth advantage of BA.2 [ 10 ]. 

We conclude that the increase in the proportion of BA.2 has not

ed to a faster spread of the virus; which seems to indicate that

he immunity induced by BA.1 infection is effective against BA.2.

urther studies are needed to determine the contributions of the

accine booster and a BA.1 infection to protection against BA.2. 
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Fig. 1.. Daily dynamics of SARS-CoV-2 infection, July 21, 2020 to February 21, 2022. 

A. Assuming that the Omicron BA.1 sub-variant is as sensitive as Delta to vaccination/previous immunity. 

B. Assuming that the Omicron BA.2 sub-variant is as sensitive as BA.1 to vaccination/previous immunity. 

C. Real daily dynamics of SARS-CoV-2 infection, July 21, 2020 to February 21, 2022. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Dimeglio C. , Loubes J.M. , Mansuy J.M. , Izopet J. . Quantifying the impact of pub-
lic health protection measures on the spread of SARS-CoV-2. J Infect 2020 . 

4. Campbell F., Archer B., Laurenson-Schafer H., Jinnai Y., Konings F., Batra N.,
Pavlin B., Vandemaele K., Van Kerkhove M.D., Jombart T., Morgan O., le Po-

lain de Waroux O.. Increased transmissibility and global spread of SARS-CoV-

2 variants of concern as at June 2021. Euro Surveill 2021 Jun; 26 (24):2100509.
doi: 10.2807/1560-7917.ES.2021.26.24.2100509 . 

5. Burki T.K.. Omicron variant and booster COVID-19 vaccines. Lancet Respir Med
2022 Feb; 10 (2):e17. doi: 10.1016/S2213-2600(21)00559-2 . 

6. Lhomme S., Latour J., Jeanne N., Trémeaux P., Ranger N., Migueres M., Salin G.,
Donnadieu C., Izopet J. Prediction of SARS-CoV-2 variant lineages using the S1-

encoding region sequence obtained by PacBio Single-Molecule Real-Time Se-

quencing. Viruses 2021 Dec 18; 13 (12):2544. doi: 10.3390/v13122544 . 
7. Torgovnick J.. Effectiveness of Covid-19 vaccines against the B.1.617.2 (delta)

variant. N Engl J Med 2021 Dec 16; 385 (25):e92. doi: 10.1056/NEJMc2113090 . 
8. Migueres M., Dimeglio C., Trémeaux P., Abravanel F., Raymond S., Lhomme S.,

Mansuy J.M., Izopet J.. Influence of immune escape and nasopharyngeal
virus load on the spread of SARS-CoV-2 Omicron variant. J Infect 2022 Feb

7(22):0 0 054–8 S0163-4453. doi: 10.1016/j.jinf.2022.01.036 . 

9. Iketani S., Liu L., Guo Y., Liu L., Huang Y., Wang M., Iketani S., Liu L., Guo Y.,
Liu L., Chan J.F., Huang Y., Wang M., Luo Y., Yu J., Chu H., Chik K.K., Yuen T.T.,

Yin M.T., Sobieszczyk M.E., Huang Y., Yuen K.Y., Wang H.H., Sheng Z., Ho D.D..
Antibody evasion properties of SARS-CoV-2 Omicron sublineages. Nature 2022

Mar 3. doi: 10.1038/s41586- 022- 04594- 4 . 
10. Lyngse F.P., Kirkeby C.T., Denwood M., Christiansen L.E., Mølbak K., Møller C.H.,

et al. Transmission of SARS-CoV-2 Omicron VOC subvariants BA.1 and BA.2: evi-

dence from Danish Households. Preprint at. medRXiv 2022 01.28.22270044; doi:
https://doi.org/. doi: 10.1101/2022.01.28.22270044 . 
Chloé Dimeglio ∗

INSERM UMR1291 – CNRS UMR5051, Toulouse Institute for Infectious 

and Inflammatory Diseases (INFINITy), 31300 Toulouse, France

CHU Toulouse, Hôpital Purpan, Virology Laboratory, 31300 France

Jean-Michel Loubes 

Université de Toulouse, Institut de Mathématiques de Toulouse,

Toulouse 31400, France 

Marion Migueres, Karine Sauné, Pauline Trémeaux, 

Sébastien Lhomme 

INSERM UMR1291 – CNRS UMR5051, Toulouse Institute for Infectious

and Inflammatory Diseases (INFINITy), 31300 Toulouse, France

CHU Toulouse, Hôpital Purpan, Virology Laboratory, 31300 France

Noémie Ranger, Justine Latour, Jean-Michel Mansuy 

CHU Toulouse, Hôpital Purpan, Virology Laboratory, 31300 France

Jacques Izopet 

INSERM UMR1291 – CNRS UMR5051, Toulouse Institute for Infectious

and Inflammatory Diseases (INFINITy), 31300 Toulouse, France

CHU Toulouse, Hôpital Purpan, Virology Laboratory, 31300 France

∗Corresponding author. 

E-mail address: dimeglio.c@chu-toulouse.fr (C. Dimeglio) 

http://refhub.elsevier.com/S0163-4453(22)00140-2/sbref0003
http://refhub.elsevier.com/S0163-4453(22)00140-2/sbref0003
http://refhub.elsevier.com/S0163-4453(22)00140-2/sbref0003
http://refhub.elsevier.com/S0163-4453(22)00140-2/sbref0003
http://refhub.elsevier.com/S0163-4453(22)00140-2/sbref0003
https://doi.org/10.2807/1560-7917.ES.2021.26.24.2100509
https://doi.org/10.1016/S2213-2600(21)00559-2
https://doi.org/10.3390/v13122544
https://doi.org/10.1056/NEJMc2113090
https://doi.org/10.1016/j.jinf.2022.01.036
https://doi.org/10.1038/s41586-022-04594-4
https://doi.org/10.1101/2022.01.28.22270044
mailto:dimeglio.c@chu-toulouse.fr


846 Letter to the Editor / Journal of Infection 84 (2022) 834–872 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

>  

F  

t  

t  

w  

m  

T  

m  

w  

a  

i  

m  

v

 

c  

b  

r  

c  

f  

t  

c  

o  

e  

l  

m  

f  

s  

t  

s  

v  

T  

t  

h

 

v  

t  

m  

c  

b  

m  

t  

o  

f

 

h  

b  

s  

p  

t  

n

 

d  

c  

n  

a  

p  

c  

C

 

g  

s  

t  

e  

b  

c  
Dear Editor, 

We read with interest the report by Shokouhi and Darazam

who reported the prospective observation of adequate trough van-

comycin cerebrospinal fluid (CSF) concentration in patients with

community acquired bacterial meningitis undergoing lumbar punc-

ture examination. 1 In this study, adult patients with bacterial

meningitis receiving empiric vancomycin (15 mg/kg loading dose

with 30 mg/kg maintenance) with ceftriaxone (4 g / day) under-

went lumbar puncture examination with concomitant blood sam-

pling prior to the fourth maintenance dose of vancomycin and dur-

ing days 8–10 of treatment. Trough vancomycin levels correlated

with serum concentrations with little difference between trough

samples one and two. 1 

Globally, ventriculitis is a major complication of neurosurgical

procedures. 2 Penetration of vancomycin across the blood brain bar-

rier has been cited as leading to suboptimal treatment in some in-

dividuals with this condition. 3 We aimed to observe cerebrospinal

fluid (CSF) vancomycin concentrations in patients with suspected

nosocomial venticulitis and investigate whether the application of

CSF therapeutic drug monitoring (TDM) is warranted. 

This study was registered as a local service evaluation (regis-

tration number = 576). CSF samples collected for routine clini-

cal practice in patients with suspected or confirmed ventriculitis

if they were pleocytic (white cell count > = 5/mm 

3 ) or culture-

positive and the patient was receiving a continuous intravenous

(IV) vancomycin infusion at the time of sampling. Demographic,

surgical, biochemical, microbiological, and concomitant serum van-

comycin TDM data were collected for individuals included in the

study. Total vancomycin concentrations were determined in CSF by

ThermoFisher QMS (PETINIA immunoassay, lower limit-of quan-

tification (LLOQ) = 2.0 mg/L) on the Indiko Plus platform and in

serum by Abbott Alinity (PETINIA, LLOQ = 1.4 mg/L). The number

of patients with a quantifiable CSF vancomycin concentration, and

those achieving > 4 mg/L (EUCAST Coagulase-negative Staphylococci

breakpoint) were assessed. 

In total, nine individuals were included with 13 CSF samples

available for analysis. Six (66%) were male and median (range)

age in years was 55 (48–80). Most patients suffered subarach-

noid haemorrhage (7/9; 78%), and neurosurgical management was

usually external ventricular drainage (8/9; 89%). Vancomycin was

given for suspected nosocomial ventriculitis by continuous intra-

venous (IV) infusion titrated to a target serum concentration 20–

25 mg/L (local guidelines) in all cases. Concurrent IV meropenem

(8/9; 89%) and/or other gram-negative antimicrobials (2/9; 22%)

were also prescribed. Three out of nine individuals (33%) had cul-

ture positive CSF ( Staphylococcus epidermidis, Cutibacterium acnes,

Klebsiella pneumoniae with Morganella morganii). 

CSF vancomycin was quantifiable using our assay ( > = 2 mg/L)

in 3/9 (33%) individuals (6/13 samples, range = 2.1–8.3 mg/L). At

the time of CSF sampling, serum vancomycin concentration was
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A pilot observational study of CSF vancomycin therapeutic 

drug monitoring during the treatment of nosocomial 

ventriculitis 
fi  
 20 mg/L (i.e. considered therapeutic) for 10/13 (77%) samples.

or the remaining 3/13 (23%) samples, serum vancomycin concen-

ration was > 15 mg/L. An inverse relationship was observed be-

ween serum vancomycin concentration and concurrent CSF value,

here detectable (R 

2 = 0.362). No adjustments to therapy were

ade based on the CSF TDM data during the treatment period.

here was apparent serum C-reactive protein response to treat-

ent in 6/9 (66%) cases and CSF WCC response in 5/5 (100%) cases

here assessable. An exploratory analysis did not show significant

ssociation between target attainment and any demographic, clin-

cal, treatment-response, or sample-related variables. Table 1 sum-

arises the clinical and laboratory findings amongst included indi-

iduals. 

Comparing our observations to prior published data on van-

omycin concentration in CSF; a difference is observed between

acterial meningitis and nosocomial ventriculitis. 1 Other studies

eport vancomycin CSF penetration at around 20% of the serum

oncentration. 4 A number of potential factors may be responsible

or the varition in observations. Sampling from the ventricle close

o the choroid plexus via an EVD may not represent the true CSF

oncentration due to the requirment for mixing and diffusion to

ccur. Therefore, sampling in the lumbar region may lead to differ-

nt observations. Discrepancies of CSF sampling between ventricu-

ar and lumbar regions is a well known phenomenon. For the treat-

ent of ventriculitis as opposed to bacterial meningitis, sampling

rom the EVD may be a more accurate representation of target

ite concentration attainment compared to that of lumbar punc-

ure examination, which is distant from the target site. 5 Several

tudies of nosocomial ventriculitis have demonstrated variable CSF

ancomycin concentrations when sampled via EVD. 6 , 7 Vancomycin

DM in CSF has been used to improve target concentration 

8 , often

hrough the addition of intra-thecal vancomycin, with a paucity of

igh level outcome data to demonstrate benefit. 9 

The pathophysiology of bacterial meningitis and nosocomial

entriculitis may differ, with a number of suspected ventriculi-

is cases being non-bacterial in aeitiology. For example, chemical

eningitis is a common observation following neurosurgey that

an mimic bacterial infection. Whilst there may be a level of blood-

rain-barrier disruption, in ventriculitis inflammation of meninges

ay be a local phenomenon. It remains unclear whether this po-

ential difference in inflammation influences the CNS penetration

f vancomycin and other antimicrobials, and how this may differ

rom bacterial meningitis. 

Different analytical methods were used between studies with

igh-performance liquid chromotography mass spectrometry used

y Shokouhi and Darazam 

1 and immunoassays in our study. De-

pite the high LLOQ for the assays used in this study, we would ex-

ect to be able to detect clinically significant vancomycin concen-

ration towards the breakpoint of common gram-positive causes of

osocomial meningitis. 10 

Finally, the approach to dosing of vancomycin used in our study

iffered to that used by Shokouhi and Darazam. 1 Evaluation of

ontinuous versus intermittent vancomycin dosing in patients with

osocomial ventriculitis has suggested that continuous infusion is

ble to achieve and maintain higher CSF concentration when com-

ared to intermittent dosing. 11 Therefore, it is unlikely that the use

ontinuous infusion within our study has led to lower observed

SF concentrations. 

This study highlights some of the remaining challenges and

aps in evidence surrounding the use of CSF TDM for the optimi-

ation of vancomycin dosing in nosocomial meningitis. The impor-

ance of target site sampling is highlighted, with potential differ-

nces in concentration depending on the use of EVD versus lum-

ar puncture examination for sampling. Whilst data suggest that

ontinuous infusion can achieve superior CSF pharmacokinetic pro-

les for vancomycin, there is little clinical outcome data compar-

https://doi.org/10.1016/j.jinf.2022.03.014
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2022.03.012&domain=pdf
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Table 1 

Clinical and laboratory findings of patients with suspected nosocomial ventriculitis undergoing vancomycin cerebrospinal fluid therapeutic drug monitoring. 

CSF vancomycin concentration 

Not quantifiable 

At least one sample 

quantified > = 2 mg/l 

At least one sample 

quantified > = 4 mg/L Total 

Demographics 

Gender Male 3 3 1 6 

Female 1 2 1 3 

Median (range) age (years) 53 (48–59) 58 (50–80) 51 (50–52) 55 (48–80) 

Laboratory 

CSF white cell count (/mm 

3 ) Median peak value (range) 92.5 (50–230) 72 (4–1750) 19 (4–42) 97 (4–1750) 

Ever > = 5 4 4 1 8 

Never > = 5 0 1 1 1 

Positive CSF / tissue culture S. epidermidis 0 1 1 1 

C. acnes 1 0 0 1 

K. pneumoniae + M. morganii 0 1 1 1 

Culture negative 3 3 0 6 

Infection treatment 

Median duration 

IV vancomycin in days (range) 

6.5 (3–29) 10 (1–12) 7 (6–8) 8 (1–29) 

Concurrent antimicrobials Meropenem 2 g TDS 4 3 1 7 

Ceftriaxone 2 g BD then 

meropenem 2 g TDS 

0 1 0 1 

Colistin + Fosfomycin 0 1 1 1 

Treatment response 

CRP response (Day 5 < 50% peak) Yes 2 4 1 6 

No 2 1 1 3 

WCC response day 5–15 < 50% peak) Yes 4 1 0 5 

No 0 0 0 0 

Not assessed (only one CSF) 0 4 2 4 

TOTAL 4 5 2 9 

Legend: CSF = cerebrospinal fluid, CRP = C-reactive protein, WCC = white cell count, S.epidermidis = Staphylococcus epidermidis, C. acnes = Cutibacterium acnes, K. pneu- 

moniae = Klebsiella pneumoniae, M. morganii = Morganella morganii , TDS = three times daily, BD = two times daily. 
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ng approaches to dosing. Furthermore, if continuously low con-

entrations are observed within the ventricular system and this is

eemed to be the most accurate representation of target site con-

entration; this may warrant the exploration of alternative dosing

ethods, such as intra-thecal dosing compared to continuous in-

usion, or the use of alternative gram-positive antimicrobials with

igher and more consistent CSF penetration, for example oxazo-

idinones. 12 Future research should aim to use gold standard, HPLC

ethodology to determine both serum and CSF vancomycin con-

entrations and the influence of total and free drug should also be

etermined. 

In conclusion, our real-world study performing vancomycin CSF

DM via EVDs in nosocomial ventriculitis demonstrated overall

oor penetration of vancomycin into the CSF. Prospective clini-

al studies are required to define appropriate target site for sam-

ling, consider best-practice for routes of vancomycin dosing, and

emonstrate association with clinical outcomes. Whilst CSF TDM

ay provide an opportunity to optimise the treatment of nosoco-

ial ventriculitis, further evidence is required to guide its appro-

riate use in clinical practice. 
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ear Editor, 

We read with interest the report in this journal by Zuo et al. re-

arding the effectiveness of bamlanivimab in patients with COVID-

9. 1 On April 16, 2021, the emergency use authorization for bam-

anivimab monotherapy was rescinded by the FDA due to the evo-

ution of SARS-CoV-2 variants. Biologic medications have captured

ttention as powerful therapeutic options that are engineered from

uman-synthesized proteins and target specific steps along im-

une system pathways. 

Canakinumab is a human monoclonal antibody that was devel-

ped for use in auto-inflammatory syndromes and targets IL-1 β ,

n inflammatory cytokine interleukin that is well-known to be el-

vated in patients with COVID-19 and plays a crucial role in the

nitiation of cytokine storm. 2 , 3 The cytokine storms mediated by

verproduction of proinflammatory cytokines have been observed

n patients with COVID-19, which is associated with the mortal-

ty and severity of COVID-19. IL-1 β is thus a potential therapeutic

arget that can be inhibited by canakinumab to control cytokine

torms. Through this mechanism, use of canakinumab may have

rognostic benefits regarding patient outcomes with COVID-19 in-

ection and serve as an additional treatment modality. Thus, we

im to perform a meta-analysis in the literature to evaluate the re-

ationship between canakinumab administration and patient out-

omes following COVID-19 infection. 

An electronic search was performed using the electronic plat-

orms (PubMed, Embase, and Cochrane Library databases) from De-

ember 1 2019 to February 21th, 2022. No language or publication

estrictions were applied. The following subject heading search

erms and key words were searched: (“SARS-CoV-2 ′′ or “COVID-

9 ′′ or “2019-nCoV” or “novel coronavirus” or “coronavirus dis-

ase 2019 ′′ ) AND (“canakinumab” or “interleukin 1 β antibody” or

ACZ885”). 

The inclusion criteria for this meta-analysis were as follows: (1)

atients with confirmed COVID-19; (2) comparison was reported

or clinical outcomes between canakinumab treatment (adminis-

ered alone) and various control groups (placebo, standard care).

tudies were excluded if they were (1) conference abstracts, case

eports, editorials, non-clinical studies, and reviews; and (2) du-

licated publications. We also extracted baseline information of

rst author’s name, year of publication, study design, country of

rigin, number of participants, age, gender, dose of canakinumab

sed, outcomes (mortality, disease severity and change in anti-

nflammatory factors). 

Meta-analysis was conducted using Review Manager 5.2

Cochrane Collaboration, 

Oxford). We analyzed dichotomous data as a odds ratio (OR)

ith 95% confidence intervals (CIs) and continuous data as a stan-

ardized mean difference (SMD) with 95% CI. Heterogeneity was

ssessed using Cochran’s Q test and the I 2 statistic. We performed

ensitivity analyses by sequentially omitting one study each time

o assess the stability of the results. A p -value below 0.05 is

onsidered to be statistically significant. “PROSPERO (International

rospective Register of Systematic Reviews) database” registration

as done with study number as CRD42022314781. 

After literature search, a total of 6 studies 4–9 comprising of 1121

dult patients with COVID-19, including 379 in the canakinumab

administered alone) and 742 in the control group arm, were in-

luded in this meta-analysis. The study characteristics of the in-

luded studies are listed in Table 1 . Four studies were from Italy.

wo studies were RCTs, three studies were retrospective cohort and

ne studies was prospective case-control. All studies included mild

o severe COVID-19 hospitalized patients. Canakinumab was intra-
he effect of canakinumab on clinical outcomes in 

atients with COVID-19: A meta-analysis 

enously or subcutaneously administered in the included studies.

he eligible studies were published between 2020 and 2021 with

ifferent sam ple patient sizes that ranged from 20 to 520 patients

ith COVID-19. 

The meta-analysis showed the overall mortality was lower in

he canakinumab group compared to control group (OR = 0.56,

5%CI: 0.35, 0.90, P = 0.02; I 2 = 0%) ( Fig 1 A). Moreover,

anakinumab treatment were not associated with developing se-

ere COVID-19 disease (OR = 1.58, 95%CI: 0.73 to 3.41, P = 0.24;

 

2 = 66%) (Fig.1B). Compared with control group, CRP levels were

ignificantly decreased in the canakinumab group (SMD = −1.51,

5%CI: −2.33 to −0.96, P = 0.0 0 03; I 2 = 64%) (Fig.1C). In addition,

ensitivity analyses by excluding each study at a time did not ma-

erially change the overall results, indicating that our results were

tatistically stable. 

In this study, we find that treatment with canakinumab is asso-

iated with improvements in overall mortality as well as decreased

erum CRP levels, suggesting lower levels of acute inflammation. 

The association between treatment with canakinumab and de-

reased mortality and serum CRP concentration is likely medi-

ted through the mechanism of action of the monoclonal an-

ibody. By inhibiting IL-1 β , a key inflammatory response medi-

tor in the cytokine storm triggered by infection by COVID-19,

here is a decreased likelihood of systemic hyperinflammation, a

ell-known predictor of all-cause mortality. 10 , 11 C-reactive pro-

ein (CRP) is an inflammatory biomarker that serves many func-

ions during episodes of acute inflammation, including promoting

he secretion of pro-inflammatory cytokines, enhancing leukocyte

unction and activating the complement cascade. 12 Higher serum

oncentrations of acute phase reactants indicate more severe in-

ammatory episodes, allowing for CRP to be used as a marker of

nflammation in COVID-19 infection and extrapolated to determine

otency and response to canakinumab. Furthermore, by limiting

he level of acute inflammation and propensity for the activation of

 cytokine storm, canakinumab is thus potentially able to mitigate

nd even prevent immune-mediated tissue damage and organ dys-

unction, both factors which improve overall mortality. 13 , 14 These

estrictions of inflammatory activity are supported by the nega-

ive association of canakinumab and serum CRP levels in COVID-

9 patients, an outcome that is well documented for other indica-

ions of canakinumab as well. 15 , 16 Altogether, canakinumab serves

s a powerful anti-inflammatory therapeutic option that is able to

pecifically target and limit inflammatory mechanisms. 

There are several limitations that should be noted with our

tudy. There was a relatively small sample size for use in the meta-

nalysis with 6 included articles. There were other inflammatory

actors investigated in the included studies, however, the sample

ize was too small for a meta-analysis to be conducted. However,

espite these limitations, our study is the first meta-analysis to

xplore the association between treatment with canakinumab and

atient outcomes following COVID-19 infection. 

Additional research is needed to further probe this association

nd provide a more diverse and sufficiently large sample size to

rovide a better understanding of what circumstances provide op-

imal clinical utility. 

In conclusion, treatment with canakinumab in patients with

OVID-19 infection is associated with a mortality benefit and lower

evels of acute inflammation. Additional studies are required to

onfirm these findings. 
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Table 1 

Characteristics of included studies. 

Study Country Study design Sample 

size 

Canakinumab Control Usage of 

canakinumab 

Patients 

included 

Age a Male (%) Age a Male (%) 

Caricchio 4 2021 Europe and 

America 

RCT 454 59 (49–69) 135 (59%) 57 (50–68) 132 (58%) Canakinumab 450 mg 

for body weight of 

40- < 60 kg, 600 mg for 

60–80 kg, and 750 mg 

for > 80 kg, intravenous 

Patients 

hospitalized 

with severe 

COVID-19 

without 

invasive 

mechanical 

ventilation 

Cremer 5 2021 America RCT 45 NR 20 (68.96%) 68.2 (56.1, 83.3) 13 (81.3%) Canakinumab 300 mg 

( n = 14), Canakinumab 

600 mg ( n = 15), 

intravenous 

Hospitalized 

patients 

Generali 6 2021 Italy Prospective 

case-control 

study 

48 70 (29–89) 25 (76%) 69 (44–85) 13 (87%) canakinumab (150 mg) 

was administered by 

subcutaneous injection 

on day 1 and on day 7 

Hospitalized 

patients 

Katia 7 2021 Italy Retrospective 

cohort 

34 53 (48, 62) 15 (88.2%) 59 (50, 72) 13 (76.5%) A subcutaneous single 

dose of canakinumab 

300 mg 

Hospitalized 

mild or 

severe non ICU 

patients 

Mastroianni 8 

2021 

Italy Retrospective 

cohort 

20 56 (46–82) 4 (50%) NR NR 150 mg BID for a body 

weight of 60–80 kg (or 

2 mg/kg for 

participants weighing 

≤40 kg), subcutaneous 

Hospitalized 

patients 

Potalivo 9 2020 Italy Retrospective 

cohort 

520 NR NR NR NR NR Hospitalized 

patients 

a Age data presented as median (IQR) or mean (SD); ICU: intensive care units; RCT: randomized controlled trial; NR: not reported. 

Fig. 1. A Association between canakinumab treatment and mortality, Fig. 1B. Association between canakinumab treatment and developing severe COVID-19, Fig. 1C Associa- 

tion between canakinumab treatment and CRP levels. 
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Table 1 

The basic information of the included literature. Total: number of patient included 

in the study. 

Study PTSD (n) Total (n) 

Zaoxian Mei 2022 2 23 144 

Katharina Beck 2021 4 10 115 

Yumeng Ju 2021 5 41 114 

R. Mendez 2021 6 45 179 

Liqun Huang 2021 7 64 574 

Tarsitani L 2021 8 12 115 

De Lorenzo R 2020 9 41 185 
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p  
ear Editor, 

In this journal, Thor Mertz Schou et al. reported that the sever-

ty of Coronavirus disease 2019 (COVID-19) has been highlighted as

 risk factor for post-traumatic stress disorder (PTSD); 1 thus, sug-

esting that we should focus on long-term mental illness in COVID-

9 patients after discharge. PTSD is a serious mental health condi-

ion that is triggered by a terrifying event. 2 

We found that many published studies investigated the occur-

ence and risk factors of PTSD among discharged COVID-19 pa-

ients. They may experience psychosocial difficulties while inter-

cting with others after discharge although patients recover physi-

ally in the hospital. 3 It was showed that PTSD is a common psy-

hological problem in patients after discharge, and they found that

ge, gender, and smoking history can increase the incidence of

TSD in Tianjin, China. 2 

PubMed, Web of Science, Embase, and Cochrane Library

atabases were extensively searched for all compliant studies

ublished from January 1, 2020, to February 15, 2022. The fol-

owing keywords were used for the search strategy: “COVID-

9,” “2019-nCoV,” “SARS-CoV-2,” “2019 novel coronavirus,” “coro- 

avirus disease 2019,” “severe acute respiratory syndrome coro-

avirus 2,”“Post-COVID-19,” “post-traumatic stress disorder”, and 

PTSD”. Reference lists of the included studies and relevant re-

iews were searched for additional studies. The inclusion criteria

ere as follows: (1) adult patients with COVID-19 confirmed by

everse transcriptase–polymerase chain reaction; (2) peer-reviewed

riginal studies in English; (3) individual study populations with

t least 100 cases; and (4) key available data of the included stud-

es, four-table data, or effect [95% confidence interval (CI)] clearly

tated. Case reports, repeated articles, review papers, and preprints

ere excluded. After searching the PubMed and other websites,

even eligible studies involving 1426 patients with COVID-19 were

ncluded in our meta-analysis. Seven studies reported PTSD symp-

oms of COVID-19 patients discharged from the hospital. The gen-

ral information of included studies is summarized in Table 1 . 2 , 4–9 

The results of seven studies listed in Fig. 1 showed the occur-

ence of PTSD in 18% of the patients (95% CI, 0.12–0.24; P < 0.01).

t indicated that, out of every 100 patients, 18 experienced PTSD

ue to some reason after discharge. This suggested that these

ymptoms might indeed be the sequelae after recovery of COVID-

9 survivors. The reasons for PTSD and other symptoms may be as

ollows: Infection with COVID-19 causes great psychological stress

n patients. Factors, such as hospitalization, isolation, and restric-

ions on family member visits, may create a psychological burden

n patients and their families. 4 Exposure to war, physical or sex-

al assault, disasters, and vehicle accidents are the most common

auses of PTSD. In addition, experience of an acute or critical ill-

ess is also considered a potential risk factor for PTSD. 8 Mean-

hile, it was showed PTSD during follow-up was associated with

ersistent respiratory symptoms, sleep difficulty, and a diagnosis
eta-analysis of post-traumatic stress disorder and 

OVID-19 in patients discharged 
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Fig 1. Forest plot of PTSD rates of among COVID-19 in patients discharged from hospital. ES: PTSD rates. 
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of anxiety. Respiratory manifestations are the main symptoms of

COVID-19 patients. The association between PTSD and respiratory

symptoms and sleep difficulty was bidirectional. Persistent physi-

cal symptoms can lead to mental illness, and conversely, increased

mental distress can manifest as physical symptoms. In addition,

many patients experience difficulty sleeping, and long-term lack of

sleep can also lead to mental and psychological disorders. People

with anxiety disorders were 15 times more likely to develop PTSD

than people without anxiety disorders. 7 However, further research

is needed to confirm the correlation. 

The results showed that older age, female gender, current smok-

ing status, and the number of involved pulmonary lobes ( ≥3) are

risk factors for PTSD. 2 A research suggests that obesity predicted

the development of PTSD and reasons for this unexpected associa-

tion should be further investigated, 8 but De Lorenzo R did not ob-

serve any impact of body mass index (BMI) or other comorbidities

on the development of PTSD. 9 Therefore, the association between

obesity and PTSD needs to be investigated further. Lower age, fe-

male gender, and positive psychiatric history were significantly as-

sociated with the risk of developing PTSD after COVID-19. 9 

At present, our research has certain limitations. Most of the in-

cluded studies assessed the mental health status of discharged pa-

tients through instruments, such as telephone interviews and ques-

tionnaires. Neuropsychological evaluation in patients was inconsis-

tent across studies, and the research results were heterogeneous to

a certain extent; hence, more research is needed in the future. 

In conclusion, our study showed that the occurrence of PTSD

was not rare among patients with confirmed COVID-19 infection.

This also suggests that we should pay attention to the mental

health and social interaction status of patients after discharge,

which is very important for disease prognosis and healthy life of

patients. PTSD can be treated with medication and psychologi-

cal intervention. 8 Enhancing emotional support during hospitaliza-

tion could help prevent PTSD in patients with COVID-19. 5 There-

fore, clinicians need to pay more attention to the risk predictors of

patients’ mental health, and develop corresponding diagnosis and

treatment measures in a timely manner during treatment. 
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ear Editor, 

Various non-cardiac conditions, including cholecystitis, pancre-

titis, and pneumonitis, have been reported to mimic ischemic

eart disease manifesting both clinically and as electrocardiogra-

hy (ECG) changes. 1 , 2 These conditions usually lead to nonspe-

ific T-wave inversion or ST-segment elevation. 1 , 2 Acute chole-

ystitis complicating sepsis-induced ischemic cardiomyopathy is

are. Here, we report the case of a female patient with symp-

oms consistent with chest pain, fever, nausea, and vomiting. ECG

howed unexpected changes with inferolateral ST-segment eleva-

ion ( Fig. 1 A) indicative of an inferolateral myocardial infarct. 

A 74-year-old woman with underlying hypertension and

heumatic heart disease received medical drug therapy. She expe-

ienced chest pain, fever, epigastric discomfort, nausea, and vomit-

ng. The patient complained of cold sweats and then suddenly col-

apsed. Emergency intubation and CPCR were performed with me-

hanical ventilator support, and inotropic drugs were administered
8. Tarsitani L., Vassalini P., Koukopoulos A., Borrazzo C., Alessi F., Di Nicolanto-
nio C., et al. Post-traumatic stress disorder among COVID-19 survivors at 3-

month follow-up after hospital discharge. J Gen Intern Med 2021; 36 (6):1702–7
[published Online First: 2021/03/31]. doi: 10.1007/s11606- 021- 06731- 7 . 

9. De Lorenzo R., Conte C., Lanzani C., Benedetti F., Roveri L., Mazza M.G., et al.
Residual clinical damage after COVID-19: a retrospective and prospective obser-

vational cohort study. PLoS ONE 2020; 15 (10):e0239570 [published Online First:
2020/10/15]. doi: 10.1371/journal.pone.0239570 . 
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cute cholecystitis associated with sepsis-induced 

schemic cardiomyopathy 
or septic shock. Repeat ECG showed ST-T changes over leads II, III,

VF, V1, and V2, suggestive of acute inferolateral myocardial infarc-

ion. After discussion with the family, emergency coronary angiog-

aphy was performed, which revealed 50% stenosis of the middle

egment of the left anterior descending coronary artery. Labora-

ory data showed leukocytosis with neutrophil predominance and

levated cardiac enzyme and lactate levels. Abdominal computed

omography revealed a thickened gallbladder wall with multiple

allstones ( Fig. 1 B). Percutaneous transhepatic gallbladder drainage

PTGBD) was then performed. 

After admission, the patient’s condition stabilized with fluid

esuscitation, vasopressors, antibiotics, and mechanical ventilator

upport. Ventilation was weaned off smoothly on the third hos-

ital day. Bile culture was positive for Enterococcus faecalis and

scherichia coli . After antibiotic therapy for a few days, the pa-

ient’s condition improved, and ECG showed recovery of ischemic

hanges. The PTGBD tube was removed, and the patient was dis-

harged on the 10th hospital day. A delayed elective surgery was

erformed during an outpatient visit. 

iscussion 

Although chest pain with ST-segment elevation is often indica-

ive of cardiac ischemia, it has also been reported in other con-

itions such as acute cholecystitis. 1–3 The differential diagnosis of

T-segment elevation includes four major conditions: ST-segment

levation myocardial infarction (STEMI), early repolarization, peri-

arditis, and ST-segment elevation secondary to an abnormality of

he QRS complex (left bundle branch block, left ventricular hy-

ertrophy, and preexcitation). 2–4 Other conditions include hyper-

alemia, pulmonary embolism, and Brugada syndrome. The patho-

hysiology of cardiovascular impairment in sepsis-associated car-

iac dysfunction has two phases. 1–5 Initially, an inflammatory dis-

rder, with a high oxygen demand from the periphery, induces a

yperdynamic circulation phase with high frequency, high cardiac

ndex, and normal or high output; patients present with warm, red

xtremities despite the frequent occurrence of low systolic pres-

ure (warm shock). 2–4 As sepsis progresses, the scenario switches

o “cold shock,” with reduced cardiac output, which contributes

o peripheral hypoperfusion, tissue hypoxemia, acidosis, and organ

ailure. 5 Acute inflammatory and ulcerative conditions involving

he gallbladder or duodenum cause irritation and spasticity in the

urrounding structures. This can create reflex stimuli through au-

onomic pathways to restrict or alter the coronary blood supply. 2 , 5 

ostulated mechanisms of pulsatile diaphragmatic contraction in-

lude direct stimulation of the diaphragm by the inferior wall of

he left ventricle or triggering of the left leaf of the diaphragm by

he left phrenic nerve. 1 , 2 , 4 , 5 A unique pattern of apparent STEMI

s critical illness with a very high risk of in-hospital death. 1 , 2 , 5 

owever, the exact pathophysiological mechanism underlying ECG

hanges remains unclear. Younger age, higher lactate level on ad-

ission, and history of heart failure are risk factors. 2–5 If initial

iagnostic interventions do not yield expected results, alternative

iagnoses, including intra-abdominal infections, should be consid-

red. 5 , 6 

onclusion 

It is important for clinicians to be aware of other uncommon

auses of ST-segment elevation of ECG. Furthermore, delay in the

iagnosis of cholecystitis or intra-abdominal infections may lead

o serious complications. When the initial diagnostic interventions

or chest pain with ST-segment elevation do not yield the expected

esults (i.e., persisted fever, leukocytosis, high C-reactive protein),

n alternative diagnosis, such as intra-abdominal illness, should be

onsidered. 

https://doi.org/10.1007/s11606-021-06731-7
https://doi.org/10.1371/journal.pone.0239570
mailto:h9450203@126.com
mailto:xsyd0724@163.com
https://doi.org/10.1016/j.jinf.2022.03.008
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2022.03.007&domain=pdf
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Fig. 1. (A) Electrocardiography showed acute myocardial infarction at the inferolateral wall with ST-segment elevation and change in leads II, III, aVF, V1, and V2. (B). 

Computed tomography of the abdomen revealed gallbladder wall thickening with pericholecystic fat stranding in favor of acute calculus cholecystitis. 

Fig. 1. Continued 
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ear Editor, 

We have been inspired by the report of excellent outcomes of

oncomitant treatment for human immunodeficiency virus (HIV)

nd hepatitis C virus (HCV) infection. 1 With the present study, we

imed to increase evidence on the optimal management of an-

ther common and clinically relevant co-infection, that of HCV and

uberculosis. Chronic HCV-infection affects worldwide 71 million

eople. 2 Direct-acting antivirals (DAA) revolutionised HCV clini-

al management since their introduction. Tuberculosis is respon-

ible of 1.4 estimated million deaths per year and multidrug-

esistant/rifampicin-resistant tuberculosis (MDR/RR-TB) is a ma-

or public health issue worldwide. 3 Chronic HCV-infection is esti-

ated at 7% among active tuberculosis patients, 4 reaching up to

0% in some settings among MDR/RR-TB, 5 and is associated with

iver-related toxicity during anti-tuberculosis treatment. Currently, 

he World Health Organization (WHO) recommends treating all

CV patients above 12 years with pan-genotypic DAA. 6 Concomi-

ant HCV and rifampicin-susceptible tuberculosis treatment is con-

raindicated due to drug-drug interactions. Conversely, no inter-

ctions are expected between second-line anti-tuberculosis drugs

nd DAA. 7 However, since only limited evidence is available on

he co-administration of these drugs, 8 , 9 the WHO makes no spe-

ific recommendation. 6 The objective of our study was to assess

afety and effectiveness of concomitant treatment of chronic HCV-

nfection and MDR/RR-TB. 

We performed an observational cohort study across centres

ffiliated to the Tuberculosis Network European Trialsgroup (TB-

et), 10 and the Study Group on Mycobacteria of the European

ociety of Clinical Microbiology and Infectious Diseases (ESGMYC).

onsecutive patients with confirmed active MDR/RR-TB and HCV-

nfection who started DAA during or up to four weeks before

DR/RR-TB treatment since January 1, 2015, were included and

ollowed-up until February 2021. Primary endpoints were sus-

ained virologic response at 12 weeks and 24 weeks after finishing

CV-treatment, MDR/RR-TB treatment outcome, rates of Grade 3

r higher liver-related adverse events, and total rates of serious

dverse events (SAE). SAEs were defined as events which were

ife-threatening or resulted in permanent disability, prolonged

ospitalization, or death. De-identified data were collected retro-

pectively and collated in a secured database at the coordinating

enter. Continuous variables were described using median with in-

erquartile range (IQR), and categorical variables with frequency

nd proportions. Statistical analysis was performed using STATA

2.0 (StataCorp, USA). Ethical approval was provided by the Institu-

ional Review Board of Bligny Hospital (Briis-sous-Forges, France). 

Overall, 23 patients were enrolled across six centres in France,

elarus, Italy, and Spain ( Table 1 ). Two patients were described

n a case report. 9 Twenty were men (87%), median age was 42

ears (IQR 39–45). Nine patients were HIV-infected, with a me-

ian CD4 lymphocyte count of 85 cells/mm 

3 (IQR 77–626): among

our for whom HIV-treatment status was known, three were re-

eiving antiretrovirals (tenofovir disoproxil fumarate/emtricitabine 
Available online 10 March 2022 

ttps://doi.org/10.1016/j.jinf.2022.03.007 

2022 The British Infection Association. Published by Elsevier 

td. All rights reserved. 

o-administration of treatment for rifampicin-resistant TB 

nd chronic HCV infection: A TBnet and ESGMYC study 
lus darunavir [ n = 2] or raltegravir [ n = 1]) and one was not

reated. One patient had HBV/HDV chronic hepatitis. Median body

ass index and serum albumin were 20 kg/m 

2 (IQR 18–21) and

8 mg/dl (IQR 34–42). The predominant HCV genotype was 3

40%, N = 20). Liver fibrosis was absent (F0) or mild (F1) in the

ajority of patients (73%). Two patients (9%) had liver cirrhosis;

one had hepatocellular carcinoma. The most frequently used DAA

ere velpatasvir/sofosbuvir (39%) and sofosbuvir/daclatasvir (35%),

ith a median treatment duration of 84 days (IQR 83–91). DAA

ere started mostly due to previous MDR/RR-TB treatment hepa-

otoxicity (30%) or because of elevated transaminases before start-

ng MDR/RR-TB treatment (26%). DAA were usually started dur-

ng MDR/RR-TB treatment (65%), a median of 267 days (IQR 69–

84) after MDR/RR-TB treatment start. All patients completed DAA

reatment without interruptions. Baseline plasmatic HCV-RNA was

etected in all patients (median: 5,7log IU/ml (IQR 5.2–6.3) and

ecame undetectable for all from week 12 ( Fig. 1 ). Sustained viro-

ogical response at week 4, 12, and 24 was achieved for all patients

ith available results ( N = 11). 

All patients had pulmonary tuberculosis, with extrapulmonary

nvolvement in 17%. Bilateral lung involvement, lung cavitations,

nd positive baseline sputum smear were present in 61%, 46%, and

0%, respectively. Overall, 52% of patients had received previous

uberculosis treatment. Thirty percent had additional resistance to

ny fluoroquinolone or second-line injectable, and 17% to both. All

atients received linezolid, most received clofazimine (87%), cy-

loserine (78%), and bedaquiline (65%). At censoring, 52% of pa-

ients were still ongoing MDR/RR-TB treatment. Among the other

1 patients, 10 (91%) achieved cure and one (9%) died of accidental

auses. 

Overall, 18 liver-related adverse events were reported in 48%,

he majority (94%) during MDR/RR-TB treatment but before DAA

ere started. Most adverse events were Grade 1. No liver-related

AEs or grade 4 adverse events were reported. Blood transaminases

ere increased at DAA treatment start (AST: median 60 U/l [IQR

7–102], ALT: median 79 U/l [IQR 37–167]) but decreased into nor-

al range from week 4 (Figure). The median duration until reso-

ution was 90 days (IQR 50–147). Other non-liver-related SAE were

bserved in 30% of patients. 

In our multicentre, retrospective cohort study, concomitant HCV

nd MDR/RR-TB treatment was effective and well-tolerated. DAA

reatment led to achieve undetectable HCV-RNA and sustained vi-

ological response for all patients with available data. Similarly,

reatment success was achieved for 91% of patients who completed

DR/RR-TB treatment. These results are particularly important

onsidering the high prevalence of infection with HIV and HCV

enotype 3. Similar, encouraging outcomes have been reported in

 cohort from Armenia. 8 Liver-related adverse events were mostly

ild or moderate, and occurred mainly before DAA start. More-

ver, blood transaminases decreased into normal range for all pa-

ients from week 4 of DAA treatment. Since HCV-treatment was

ften started because of previous hepatotoxicity, our results sug-

est that co-administration of DAA may prevent liver toxicity dur-

ng MDR/RR-TB treatment. 

Our study is limited by the small sample, retrospective data col-

ection, and lack of MDR/RR-TB outcome in some patients. How-

ver, the results show the safety of the association of second-line

nti-tuberculosis drugs and DAA. DAA treatment should be con-

idered in MDR/RR-TB patients to reduce tuberculosis-treatment-

elated hepatotoxicity, minimizing the risk of prolonged treat-

ent interruption, and prevent progression of HCV-mediated liver

isease. Integrated services for the management of tuberculosis,

IV, and HCV, should be promoted widely and collaboration with

urveillance, prevention and control programs should be strength-

ned. 

https://doi.org/10.1016/j.jinf.2022.03.007
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2022.03.004&domain=pdf
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Table 1 

Characteristics and treatment outcome of patients treated for chronic HCV infection and active rifampicin-resistant tuberculosis. 

N TB form HIV HBV 

HCV 

genotype 

Liver 

fibrosis 

Liver 

cirrhosis 

Baseline 

HCV RNA 

(log IU/ml) 

HCV 

treatment TB treatment regimen 

HCV 

treatment 

(days) 

TB 

treatment 

(days) 

HCV RNA at 

end of HCV 

treatment 

TB 

treatment 

outcome 

Liver- 

related AE, 

grade $ 

1 P Yes No 3 F1 No 5,2 Sof/Vel E, Z, Lfx, Mfx, Amk, Cs, Lzd, 

Cfz 

89 Neg Ongoing 

2 P + E No No 1b F1 No 4,2 Sof/Led Mfx, Amk, Eto, Cs, PAS, Lzd, 

Cfz 

101 571 Neg Cure 1 

3 P No No 4 F2 No 5,7 Sof/Vel E, Z, Lfx, Amk, Eto, Cs, Lzd, 

Imp/Amx/Clv 

121 Neg Death 2 

4 P No No 1b F1 No 5 Sof/Led E, Mfx, Eto, Cs, Lzd, Cfz 91 1126 Neg Cure 3 

5 P No No 1b F1 No 6,1 Gle/Pib E, Z, Lfx, Eto, Cs, PAS, Lzd, 

Cfz, Bdq, Imp/Amx/Clv 

852 Neg Cure 3 

6 P + E Yes No 1a F1 No 6,3 Gle/Pib E, Z, Lfx, Mfx, Amk, Cs, Lzd, 

Cfz, Dlm 

61 740 Neg Cure 1 

7 P No No 1a F1 No Pos # Sof/Dac Lfx, Cs, Lzd, Cfz, Bdq 70 Neg Ongoing 3 

8 P Yes No 1a F1 No Pos # Sof/Dac Cs, Lzd, Cfz, Bdq, Dlm 84 Neg Ongoing 

9 P No No 3 F1 No Pos # Sof/Dac Lzd, Cfz, Bdq, Dlm 90 Neg Ongoing 

10 P Yes No 3 F1 No Pos # Sof/Dac Lzd, Cfz, Bdq, Dlm, 

Imp/Amx/Clv 

83 Neg Ongoing 

11 P No No 1a F1 No Pos # Sof/Dac Lfx, Cs, Lzd, Cfz, Bdq 84 Neg Ongoing 

12 P Yes No 3 F1 No Pos # Sof/Dac Lfx, Cs, Lzd, Cfz, Bdq 83 Neg Ongoing 

13 P Yes No 1a F0 No Pos # Sof/Dac Lfx, Cs, Lzd, Cfz, Bdq 95 Neg Ongoing 2 

14 P Yes No 3 F0 No Pos # Sof/Dac Lfx, Cs, Lzd, Cfz, Bdq 83 Neg Ongoing 

15 P No No 3 F1 No 5,98 Sof/Led E, Lfx, Mfx, Amk, Cs, PAS, 

Lzd, Cfz, Bdq, Dlm 

81 725 Neg Cure 

16 P + E Yes Yes ∗ 1b F4 No 5,66 Sof/Vel Z, Mfx, Amk, Cs, Lzd, Bdq, 

Dlm 

91 669 Neg Cure 2 

17 P No No 3 F1 Yes 6,98 Sof/Vel Amk, Cs, Lzd, Cfz, Bdq, Dlm 89 Neg Ongoing 3 

18 P + E Yes No 1b F3 No 6,38 Sof/Vel Z, Mfx, Eto, Cs, Lzd, Cfz, 

Bdq, Dlm 

90 731 Neg Cure 

19 P No No 1a F2 Yes 4,82 Sof/Vel Lfx, Mfx, Amk, Cs, PAS, Lzd, 

Cfz, Bdq, Dlm 

84 431 Neg Treatment 

completed 

1 

20 P No No NA NA No 4,82 Gle/Pib Amk, Lzd, Cfz, Bdq, 

Imp/Amx/Clv 

55 Neg Ongoing 

21 P No No NA F2 No 6,89 Sof/Vel E, Lfz, Amk, Cm, Lzd, Cfz, 

Dlm 

83 NA Neg Cure 1 

22 P No No NA F2 No Pos # Sof/Vel E, Lfx, Lzd, Cfz, Dlm 84 NA Neg Cure 

23 P No No 3 F1 No Pos # Sof/Vel E, Z, Lfx, Amk, Cm, Cs, Lzd, 

Cfz 

55 Neg Ongoing 

TB = tuberculosis; AE = adverse event; NA = not available; P = pulmonary tuberculosis case; P + E = pulmonary and extrapulmonary tuberculosis case; Sof/Vel = sofosbuvir/velpatasvir; Sof/Led = sofosbuvir/ledispavir; 

Gle/Pib = glecaprevir/pibrentasvir; Sof/Dac = sofosbuvir/daclatasvir; H = isoniazid; E = ethambutol; Z = pyrazinamide; Lfx = levofloxacin; Mfx = moxifloxacin; Amk = amikacin; Eto = ethionamide; Cs = cycloserine; 

PAS = para-aminosalicylic acid; Lzd = linezolid; Cfz = clofazimine; Bdq = bedaquiline; Dlm = delamanid; Ipm = imipenem; Amx/Clv = amoxicillin/clavulanic acid. 
∗ = co-infection with HDV; # = quantitative results available only; $ = if multiple liver-related adverse events occurred, the highest grade is reported. 
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Fig. 1. Plasma HCV-RNA positivity rates (%) and blood transaminase levels (U/L, with standard deviations bars) during treatment with direct-acting antivirals in a cohort of 

23 HCV-infected patients with active rifampicin-resistant tuberculosis. W4, W18, W12 = 4, 8, and 12 weeks after starting HCV treatment; EOT = at end of HCV treatment; 

SVR4, SVR12, SVR24 = 4, 12, and 24 weeks after the end of HCV treatment. 
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ear Editor, 

In a recent article titled "War-torn Afghanistan-potential risk to

he polio eradication effort s: A call f or global concern!" 1 , we pre-

iously reported that Afghanistan’s turmoil and war pose a risk

f infection spreading globally owing to a lack of health manage-

ent policies. Regrettably, the wild poliovirus (WPV) outbreaks in

fghanistan have alarmed the bells for global health experts to re-

isit the polio eradication at all levels and identify the loopholes

he virus exploited for spread polio-endemic Pakistan-Afghanistan

rea has been documented recently. This paper will discuss the

ossible limitations and potential solutions for strengthening po-

io eradication effort s in this endemic region. 

Afghanistan is now at a potentially historic crossroads due

o years of violence and war-torn territories linked to humani-

arian crises. Health workers and disease experts are departing

fghanistan following the Taliban’s quick re-accession to power

nd political chaos, potentially hindering regional polio eradica-

ion effort s. In 2021, Pakist an confirmed only one case of wild po-

iovirus (WPV), and it is anticipated that Pakistan may not report
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Fig. 1. Polio outbreak in Afghanistan in 2022. Emerging of wild poliovirus after the political upheaval in bordering areas in Afghanistan is extremely alarming and at high 

risk for nearby country Pakistan. 
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ny new case of WPV in 2022. 2 , 3 Alarmingly, a polio case was

eported in a 24-month-old female child who developed paralysis

ear the Pakistan-Afghan border village of Minzi (Rohani) in Dila

istrict, Province Paktika ( Fig. 1 ). 4 

The UN Refugee Agency (UNHCR) pleaded with the inter-

ational community to increase its assistance to People in

fghanistan who were affected by the recent humanitarian disas-

ers. 5 Pakistan responded to the UNCHR appeal by opening its bor-

ers to Afghans resulting in a massive wave of immigrants entering

akistan. The most alarming situation is that most of the children

re unvaccinated. 

Despite Pakistan’s established polio immunization initiatives,

nrestrained immigrants put the country’s already overburdened

ealthcare system and vaccination programs at risk. Keeping in

iew the cross-border movement of the general population, the

djacent border areas of Pakistan are now at high risk of WPV

ransmission and future outbreaks. 6 Dreadfully, it appears as the

remendous effort s of global and Pakist ani public health expert s

oward polio eradication have been thwarted. 

Even though vaccination has never been convenient in

fghanistan, it may become more difficult in the future if unrest

nd political chaos continue. To reach migratory communities, Tal-

ban collaboration is essential to ensure the security of polio work-

rs in Afghanistan, which will help them cover secluded locations

nd remote areas. Pakistan’s policymakers should collaborate with

lobal Polio Eradication Initiative partners to expedite environ-

ental surveillance, cross-border immunization initiatives, and po-

io eradication campaigns in Pak-Afghan territories. Strengthening

hese activities will assist in eradicating polio recurrence in high-

isk areas and accomplishing the long-awaited goal of a polio-free

orld—or else global effort s would be in vain. 
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Dear Editor, 

There is scant information as to how SARS-CoV-2 antibody

and T-cell immune responses elicited by mRNA COVID-19 vaccines

evolve in the general population, and in particular in elderly nurs-

ing home residents, who are at increased risk of developing severe

clinical forms of COVID-19. We read with interest the work by Tré-

Hardy and colleagues who reported a significant antibody decrease

at around 6 months after full vaccination in healthcare workers,

that was more marked in SARS-CoV-2 naïve vaccinees [1] . The

authors suggested that in a supply-limited environment, booster

dose schemes may be spared for SARS-CoV-2-experienced individ-

uals. The data presented herein extend this observation to elderly

nursing home residents. The current prospective cohort study in-

cluded 680 (478 female; median age, 87 years; range 65–100) of

a cohort of 881 nursing home residents initially recruited from

a representative sample of Valencian Community nursing homes

( n = 13) for assessment of SARS-CoV-2 immune responses at a me-

dian of 3 months (3 M) following full-dose Comirnaty® COVID-19

vaccination [2] who were re-examined at a median of 219 days

(range, 139–246) after vaccination (7 M). Out of the 680 partici-

pants, 238 had been infected by SARS-CoV-2 prior to receiving the

first vaccine dose, as recorded in the electronic Valencia Health

System Integrated Databases. Two residents contracted the infec-

tion (Delta variant, as documented by whole-genome sequencing)

between sampling times (3 M and 7 M). The remaining 440 partic-
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SARS-CoV-2 adaptive immunity in nursing home residents 

up to eight months after two doses of the Comirnaty®

COVID-19 vaccine 
b  
pants were presumably naïve for SARS-CoV-2 at the time of sam-

ling (7 M). 

The current study was carried out under the epidemiological

urveillance competences of the Valencia Government Health De-

artment (Law 16/2003/May 28 on Cohesion and Quality of the

ational Health System, and Law 10/2014/ December 29 on Public

ealth of the Valencian Community), without requiring informed

onsent or ethics approval by an institutional review board. Like-

ise, in accordance with local law and regulations, data publica-

ion is exempt from the research ethics committee approval. Per-

onal data from nursing homes and residents were processed in

ccordance with European data protection regulations. 

All participants were initially examined for presence SARS-CoV-

-Spike ( S )-specific antibodies in whole blood obtained by finger-

tick using a lateral flow immunochromatographic assay (LFIC):

he OnSite COVID-19 IgG/IgM Rapid Test (CTK BIOTECH, Poway,

A, USA) [2] . As shown in Table 1 , a total of 148 of the 680

21.7%) residents tested negative by LFIC at 7 M. The percent-

ge of residents without detectable anti-S LFIC responses at 7 M

as roughly double the proportion at 3 M. Moreover, overall, the

trength of antibody reactivity [2] in LFIC among those who tested

ositive at both sampling times ( n = 520) tended to decrease by

M: 169, 84 and 267 residents showed decreased, increased or

imilar antibody reactivity grades, respectively. Interestingly, SARS-

oV-2-experienced participants were more likely to display de-

ectable and higher grade antibody responses at 7 M than SARS-

oV-2-naïve participants ( Fig. 1 A). Indeed, negative LFIC results

ere registered in 11/238 (4.6%) and 137/440 (31%) of SARS-CoV-2-

ecovered and naïve residents, respectively ( P < 0.001; Fisher exact

est), while antibody reactivities grade ≥2 were present in 181/238

76%) and 118/440 (26.8%) of SARS-CoV-2-experienced and naïve

esidents, respectively ( P < 0.001). 

Participants testing negative by LFIC underwent for quantitation

f receptor binding domain (RBD)-reactive total antibodies using

n (Electro)chemiluminescent –(E)CLIA- immunoassay (Roche Elec-

ys® Anti-SARS-CoV-2-S, Roche Diagnostics, Pleasanton, CA, USA),

nd IgG antibodies against a trimeric S-protein antigen by em-

loying CLIA (LIAISON® SARS-CoV-2 TrimericS IgG assay; DiaSorin

.p.A, Saluggia, Italy) in plasma. Antibody testing could be per-

ormed in 144 of the 148 residents, of which 138 (95.8%) tested

ositive by RBD ECLIA and 108 (75%) by S-trimeric assay. Taking

he above data together, 670/676 residents undergoing testing by

FIC and (E)CLIA (99.1%) exhibited detectable S-reactive antibody

esponses by 7 M, a similar figure (98%) to that reported in the

riginal cohort at 3 M after vaccination [2] . 

A total of 100 residents had 3 M/7 M paired plasma specimens

nalyzed by RBD ECLIA. As shown in Fig. 1 B, overall antibody levels

eclined over time, but particularly at the expense of SARS-CoV-2-

aïve participants. 

Participants testing negative for SARS-CoV-2 antibodies by all

he above assays ( n = 6) with available specimens ( n = 5) were

xamined for presence of SARS-CoV-2-S-reactive IFN γ -producing

 cells by whole-blood flow cytometry for intracellular cytokine

taining (ICS), as previously described [ 2 , 3 ]. Four residents had

etectable S-targeted CD8 + T cells (median, 0.47%; range, 0.16–

.94%), whereas none had CD4 + T cells. We next examined 28

andomly selected participants (25 SARS-CoV-2-naïve and 3 expe-

ienced) testing negative by LFIC but positive by (E)CLIA: 23 dis-

layed detectable CD8 + T - cell responses (median, 0.24%; range,

.01–2.88%), 3 had both CD8 + and CD4 + T - cell (median, 0.44%;

ange, 0.03–0.77%) responses and 2 had neither. 

Paired 3 M/7 M whole-blood specimens were available from

4 residents (Supplementary Table 1). Examining SARS-CoV-2-S-

eactive IFN γ -producing CD8 + T cells, we observed that 8 resi-

ents who had not detectable responses at 3 M acquired them

y 7 M, whereas 16 had documented responses at 3 M, which

mailto:usman.ayub111@gmail.com
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Table 1 

Anti-SARS-CoV-2-Spike (S) antibody reactivity as determined by lateral flow immunochromatography in nursing home residents by 3 and 6 months after full-dose 

vaccination with the Comirnaty® COVID-19 vaccine. 

Anti-S antibody reactivity by 3 months 

(median) after full-dose vaccination 

Anti-S antibody reactivity by 7 months (median) after full-dose vaccination (number of residents) 

0 1 + 2 + 3 + 

0 73 8 2 2 

1 + 57 119 35 6 

2 + 15 90 101 43 

3 + 3 15 64 47 

The IgG line intensity was scored visually using a 4-level scale, as previously reported [3] : 0 = negative result; 1 + = intensity of test band lower than control 

band; 2 += intensity of test band equal to control line; 3 + = intensity of test band greater than control line. Reactivities ≥2 in the LFIC assay corresponded 

roughly to antibody levels ≥250 IU/ml as measured by Elecsys® Anti-SARS-CoV-2 S-total antibody assay (Roche Diagnostics, Pleasanton, CA, USA). 

Supplementary Table 1 

SARS-CoV-2-S reactive antibodies and T-cells in nursing home residents with paired specimens collected at 3 and 7 months after full Comirnaty® COVID-19 vaccination. 

Patient 

code a 
Sex SARS-CoV-2 

infection status 

Anti-SARS-CoV-2 RBD 

Antibody level (IU/ml) b 
SARS-CoV-2-S-reactive 

IFN- γ -producing T cells 

(3 M) 

SARS-CoV-2-S-reactive 

IFN- γ producing-T 

cells (7 M) 

3M 7M CD4 + (%) CD8 + (%) CD4 + (%) CD8 + (%) 

1 F Recovered 

(infection acquired 

90 days prior the 

first vaccine dose 

30 16 1.07 0.62 ND 0.11 

2 F Naïve ND ND ND ND ND ND 

3 M Naïve ND 6.9 ND ND 0.03 1.26 

4 F Naïve 11.9 2 2.10 0.85 0.44 0.80 

5 F Naïve 9.68 10 1.88 0.48 ND 0.87 

6 F Naïve 51.6 39 0.06 0.02 ND 1.43 

7 M Naïve 49.9 22.4 0.47 0.40 ND 0.13 

8 F Naïve ND ND 0.02 ND ND 3.94 

9 M Naïve 11.7 5.9 0.03 ND ND 1.08 

10 F Naïve 17.5 16 0.10 ND ND 0.54 

11 F Naïve 97.4 82 0.54 0.34 ND 0.16 

12 F Naïve 54.8 65 1.17 0.15 ND 0.04 

13 F Naïve 32.3 23 0.69 0.37 ND 0.62 

14 F Naïve 53 36 0.51 0.11 ND 2.88 

15 F Naïve 25.3 28 1.27 0.67 ND 0.01 

16 F Naïve 168 142 0.41 ND ND 0.19 

17 M Naïve 58.6 47 0.08 ND ND 0.28 

18 F Naïve 81 29 0.03 ND ND 0.08 

19 F Naïve 120.7 48 0.45 0.08 ND 0.90 

20 F Naïve 49.1 33.6 0.90 0.08 ND 0.05 

21 M Naïve 1.9 2.8 1.67 0.81 ND ND 

22 M Naïve 12.4 11.5 0.47 0.28 ND ND 

23 M Naïve 15.8 20 2.68 0.33 ND 0.09 

24 M Naïve 35.5 31 1.30 0.61 ND 0.50 

3 M, a median of 3 months after full-dose vaccination; 7 M, median of 7 months after full-dose vaccination; ND, not detectable; RBD, receptor binding domain of 

Spike (S) protein. 
a Paired 3 M/7 M whole-blood specimens were available from 24 residents (23 SARS-CoV-2-naïve and 1 recovered). 
b Elecsys® Anti-SARS-CoV-2 S-total antibody assay ( Roche Diagnostics, Pleasanton, CA, USA). 
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ere maintained in 14 and lost in 2. Regarding SARS-CoV-2-S-

eactive IFN γ -producing-CD4 + T cells, most responders at 3 M

21/22) no longer had detectable responses at 7 M, whereas 1

ut of 2 residents acquired them by 7 M Fig. 1 .C illustrates that

hile SARS-CoV-2-S-reactive IFN γ -producing CD8 + T - cell levels in-

reased slightly over time ( P = 0.12), those of CD4 + T cells de-

lined dramatically ( P < 0.001). That most residents maintained de-

ectable S-targeted CD8 + T - cell responses at 7 M was in contrast

o previously published data [4] reporting positive SARS-CoV-2 T-

ell responses as determined by the QuantiFERON assay in only

% of SARS-CoV-2-naïve participants at 24 weeks after full vacci-

ation with the Comirnaty® vaccine. Nevertheless, it is uncertain

ow SARS-CoV-2 QuantiFERON assay and our flow cytometry ICS

ethod compare analytically. 

Limitations of the current study included the use of a semi-

uantitative LFIC for front-line antibody testing and that functional

pecificities of SARS-CoV-2-S-reactive T cells beyond IFN- γ produc-

ion were not explored. 

 

o  
In conclusion, our data indicated that both antibody and pe-

ipheral blood CD4 + T - cell levels measured after Comirnaty®

accination in elderly nursing home residents wane over time

n line with previous findings [2–8] , declining significantly

y 7 M after vaccination, particularly in SARS-CoV-2 naïve

ndividuals. 
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Fig. 1. SARS-CoV-2 antibody and T-cell immunity in nursing home residents up to 

eight months after two doses of the Comirnaty® COVID-19 vaccine. (A) SARS-CoV- 

2-Spike IgG reactivity of plasma from SARS-CoV-2-naïve and experienced nursing 

home residents at a median of 7 months after full vaccination with the Comirnaty®

vaccine, as determined by the OnSite COVID-19 IgG/IgM Rapid immunochromatog- 

raphy Test (CTK BIOTECH, Poway, CA, USA). The IgG line intensity was scored vi- 

sually using a 4-level scale as previously reported: 0 = negative result; 1 + = in- 

tensity of test band lower than control band; 2 + = intensity of test band equal to 

control line; 3 + = intensity of test band greater than control line. (B) SARS-CoV-2- 

Spike total antibody levels as measured by Roche Elecsys® assay (Roche Diagnostics, 

Pleasanton, CA, USA) in paired plasma specimens collected from 100 either SARS- 

CoV-2-naïve or -experienced nursing home residents at a median of 3 months (3 M) 

and 7 months (7 M) after full Comirnaty® vaccination. Both assays are calibrated to 

the WHO International Standard and Reference Panel for anti-SARS-CoV-2 antibody 

[9] and provide quantitative values that strongly correlate with SARS-CoV-2 neutral- 

izing antibody titers [10] . (C) SARS-CoV-2-Spike-reactive IFN γ -producing CD4 + and 

CD8 + T cells, as enumerated by flow cytometry for intracellular staining in paired 

whole-blood specimens collected from 24 nursing home residents at a median of 

3 months (3 M) and 7 months (7 M) after full Comirnaty® vaccination. Differences 

between medians were compared using the Mann–Whitney U test or the Wilcoxon 

test, as appropriate. Two-sided exact P -values are reported. A P -value < 0.05 was 

considered statistically significant. The analyses were performed using SPSS version 

20.0 (SPSS, Chicago, IL, USA). 
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ear Editor, 

In this Journal, Murray and colleagues recently described their

alidation of a commercially available indirect assay for SARS-

oV-2 neutralizing antibodies using a pseudotyped-virus assay [1] .

ere, we report the use of different assays to determine the

accine-induced antibodies ability to neutralize Variant Of Con-

erns (VOCs). Recently, it has been shown that Omicron is able
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accine Ab neutralization against Omicron and 

ARS-CoV-2 variants using neutralization and specific 

LISA assays 
V  
o escape vaccine antibodies; one month after the third BNT162b2

BioNTech-Pfizer) dose, neutralizing activity was 75% for Delta and

elow 50% for Omicron [2] . The better characterization of the hu-

oral response beyond the level of antibodies is crucial. 

The present study was performed on sera samples from nine

ealthcare workers (HCWs) from Bichat-Claude Bernard Hospital

irology department (Paris, France) vaccinated with BNT162b2.

amples were collected between first vaccine dose and up to one

onth after third dose. Anti-N serology was negative at all time-

oints (SARS-CoV-2 IgG kit, Abbott, IL, USA). All HCWs provided

nformed consents. Following viral supernatant production, SARS-

oV-2 was titrated by a lysis-plaque assay and live virus neu-

ralization assay was performed as previously described [ 3 , 4 ]. A

seudoneutralization method, based on ACE-2 receptor binding in-

ibition (iFlash®−2019-nCoV Nab, YHLO, Shenzhen, China), mea-

ured the ability of antibodies to bind the RBD of the ances-

ral SARS-CoV-2 spike protein. The Meso-Scale-Discovery® (V-PLEX 

ARS-CoV-2 Panel13) assay enabled to assess pseudoneutraliza-

ion activity of sera against different VOCs using a multiplexed

pike antigens technology. The CoViDiag kit (Innobiochips®, Loos,

rance) is a quantitative ELISA test detecting IgG against different

OCs including Omicron. 

Nine BNT162b2-vaccinated HCW, were followed up to one

onth after the third vaccine dose, received in median 8.6 months

IQR = 8.5–9.2) following the second dose. Kinetics of anti-S SARS-

oV-2 antibodies is described in Supplementary Fig. 1. We re-

ort the results of live virus neutralization for Omicron and oth-

rs VOCs until one month after the third vaccine dose ( Fig. 1 A),

xtending our previous data [ 3 , 5 ]. We showed that Omicron neu-

ralization titers were in median 16- and 8-fold lower than the

elta ones, one month after the second and one month after

he third dose, respectively. We also extending our previous data

3] with the iFlash® pseudoneutralization assay showing an in-

reased median of antibody titers from 44 BAU/mL (IQR = 38–57)

o 3134 (IQR = 758–5109) before and one month after the third

ose, respectively. The median antibody titer was significantly

igher after the third than after the second dose (669 vs 3134

AU/mL, p = 0.02) ( Fig. 1 B, Supplementary Table 1). One month

fter the second dose, using Meso-Scale-Discovery® assay, we

howed a median percentage of inhibition of 63% (IQR = 62–80),

0% (IQR = 44–61), 42% (IQR = 36–54), 29% (IQR = 16–37) and 21%

IQR = 14–40) for B, Alpha, Delta, Beta and Gamma variants, re-

pectively. The median percentage of inhibition at the last avail-

ble sample before the third dose was 24% (IQR = 17–52), 19%

IQR = 14–38), 9% (IQR = 6–26), 12% (IQR = 3–22), and 8% (IQR = 0–19)

or B, Alpha, Delta, Beta and Gamma variants, respectively ( Fig. 1 C).

sing the CoViDiag® assay, one month after the second dose,

ntibodies median titers were 2500 BAU/mL (IQR = 2500–6250),

50 0 (IQR = 250 0–5437), 1695 (IQR = 1459–20 07), 1486 (IQR = 1237–

192), 1918 (IQR = 1852–2942), and 603 (IQR = 545–1192) for B,

lpha, Delta, Beta, Gamma and Omicron variants, respectively

 Fig. 1 D). Then, a decrease was observed until right before the third

ose, at which point median titers were 186 BAU/mL (IQR = 161–

50), 169 (IQR = 120–250), 90 (IQR = 48–111), 103 (IQR = 69–166),

24 (IQR = 71–241), and 50 (IQR = 35–90) for B, Alpha, Delta, Beta,

amma and Omicron, respectively. One month after the third

ose the median titers were 6250 BAU/mL (IQR = 4861–6724), 6250

IQR = 4 928–6250), 3189 (IQR = 2659–4 86 8), 3757 (IQR = 2451–6250),

150 (IQR = 2957–6250), and 1648 (IQR = 1207–2700) for B, Alpha,

elta, Beta, Gamma and Omicron, respectively. The antibody titer

or Omicron after the second dose was significantly lower than

he titer for Delta (median fold-change = 2.8; p = 0.0 0 08), dif-

erence no longer observed after the third dose (median fold-

hange = 1.9; p = 0.12). The median antibody titer after the third

ose was higher than the titer reached after the second for all

OCs (Omicron: p < 0.0 0 01). The Spearman’s correlation coefficient

https://doi.org/10.1016/j.jinf.2022.02.035
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2022.02.031&domain=pdf
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Fig. 1. Longitudinal follow-up of the humoral response of nine BNT162b2-vaccinated healthcare workers using: A. Live virus neutralization assay, B. iFlash® pseudoneutral- 

ization assay, C. Meso-Scale-Discovery® pseudoneutralization assay, and D. CoViDiag® variant-specific ELISA assay. The arrows represent the time of each vaccine dose. 
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between iFlash® and CoViDiag® titers for B variant was ρ= 0.95

( p < 0.0 0 01) ( Fig. 2 ). The correlation coefficient between Meso-

Scale-Discovery® percentages and CoViDiag® titers were ρ= 0.94

( p < 0.0 0 01), ρ= 0.90 ( p < 0.0 0 01), ρ= 0.87 ( p < 0.0 0 01), ρ= 0.80

( p < 0.0 0 01), and ρ= 0.81( p < 0.0 0 01) for B, Alpha, Delta, Beta and

Gamma ( Fig. 2 ). 

In this study, among nine BNT162b2-vaccinated HCW, the low-

est neutralizing antibodies titers, after the second and third doses,

were observed with Omicron as well with live virus neutraliza-

tion as with a variant-specific ELISA assay. Furthermore, neutral-

izing antibodies titers were reduced with Delta and Omicron, re-

sponsible of the two last COVID-19 waves, in agreement with pre-

vious studies [ 6 , 7 ]. The present study showed that the humoral re-

sponse level was significantly higher after the third dose than after

the second dose, whatever the assay used, confirming the boosting

effect of the third dose [8] . We showed a very good correlation

between Meso-Scale-Discovery® pseudoneutralization and CoViDi-

ag® variant-specific ELISA assays for all VOCs. We also showed a

very good correlation for B variant between iFlash® pseudoneu-

tralization and CoViDiag® assay. Furthermore, for Omicron, CoViDi-

ag® titers agree with live virus neutralization, showing that Omi-

cron is the variant that escapes the most to the post-vaccine hu-

moral immunity. 

 

t  
To our knowledge, these are the first data comparing various

erological assays, pseudoneutralization or variant-specific ELISA

ssays, to the reference method, live virus neutralization. All these

ssays, despite using different technologies and measuring differ-

nt variables, showed the same trend in terms of humoral response

agnitude and of VOC neutralizing ability levels. Beta VOC, al-

eady known to escape to vaccine-induced immunity [9] , is indeed

eakly neutralized by post-vaccine antibodies with the different

ssays used. This low neutralizing ability is also observed for Omi-

ron, confirming first data observed with the current circulating

OC [ 6 , 7 ]. These data showed that the nature of humoral response

an be characterized using more easy-to-use or automated assays

han the live virus neutralization. Indeed, these assays could be in-

eresting to monitor highly immunocompromised patients, popula-

ions for whom a serological follow-up is recommended by French

ealth Authorities [10] . 

In conclusion, since the good correlation observed with the live

irus neutralization assay, pseudoneutralization or variant-specific

LISA assays could be useful to monitor the humoral response. 

unding 

The research leading to these results has received funding from

he Agence Nationale de recherche sur le SIDA et les hépatites vi-



Letter to the Editor / Journal of Infection 84 (2022) 834–872 865 

Fig. 2. Relationship between iFlash® and CoViDiag® assays for the historical B variant (Panel A), between Meso-Scale-Discovery® and CoViDiag® assays for the historical B 

variant (Panel B), Alpha variant (Panel C), Beta variant (Panel D), Gamma variant (Panel E), and Delta variant (Panel F) among nine BNT162b2-vaccinated healthcare workers. 
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Dear Editor, 

We read with interest the recent manuscript of Mak et al. re-

porting SARS-CoV-2 antibody and T cell responses one year af-

ter COVID-19 convalescence and vaccination. 1 The authors showed

that T cell and humoral responses persisted for up to one year af-

ter mild to moderate COVID-19, and that a single dose of COVID-19

vaccine induced robust responses, irrespective of the vaccine type

(Ad26.CoV2, ChAdOx1, mRNA-1273 or BNT162b2). A second dose

did not further increase cellular and humoral responses. 

Despite the benefits of vaccination and immune protection due

to convalescence, the spread of new variants such as Omicron 

2 

raise new questions about vaccine efficacy, immunity waning and

the need of booster doses. 3 Studies on heterologous third dose

with BNT162b2 after two doses of CoronaVac 4 (CV/CV/BNT) or

ChAdOx1 5 (Ch/Ch/BNT) showed increased immunogenicity in both

cases. Here, we corroborate these data and show that both heterol-

ogous vaccination schemes, largely adopted in Brazil 6 , produced

consistent increases in humoral and cellular responses after the

third booster dose in our cohorts. 

We conducted an observational study with a non-randomized

cohort of 48 healthcare workers of regional hospitals and institu-

tions, vaccinated with two homologous doses of CoronaVac (CV,

n = 25, 72% females) or ChAdOx1 (Ch, n = 23, 87% females), and

with a third heterologous dose of BNT162b2. For CV/CV/BNT and

Ch/Ch/BNT, blood samples were collected according to the scheme

shown on Fig. 1 A. The dates of sample collection could not be com-

pletely synchronized between the CoronaVac and ChAdOx1 groups

due to delays in vaccine distribution and due to differences in

the vaccination schedules. Participants were tested for anti-S1 IgG

at all time points. Neutralizing antibodies and cellular responses

were evaluated at t3, t3’, t4, and t4’. Assays were performed with

Anti-S1 QuantiVac IgG, NeutraLISA and SARS-CoV-2 IGRA kits (EU-

ROIMMUN). Statistical significance tests were performed using the

non-parametric Wilcoxon–Mann–Whitney test (details on Supple-

mentary Methods). All individuals enrolled in this study provided

written informed consent as part of the protocols approved by

the Ethics Committee of the Federal University of São Paulo and

by the National Ethics Committee (CONEP, study number CAAE:

32,571,720.0.0 0 0 0.5505). 

The median age was 30 (25th–75th percentile: 24–41) years

and 40 (35–53) years for the CV/CV/BNT and Ch/Ch/BNT groups,

respectively. In the CV/CV/BNT group, the median anti-S1 IgG val-

ues increased from 19.8 BAU/ml (6.0–38.7, 7/24 positives) at t1 af-

ter the first dose to 429.0 BAU/ml (227.3–578.5, 25/25 positives)

at t2 after the second dose ( p < 0.0 0 01) ( Fig. 1 B). From t2 to

t3, the concentrations significantly decreased ( p < 0.01) to 115.7

BAU/ml (62.3–184.5, 22/25 positives) ( Fig. 1 B). However, after the

third booster dose at t4, the anti-S1 IgG concentration increased

25-fold ( p < 0.0 0 01) to 2843.0 BAU/ml (2738.2–2956.0, 19/19 pos-

itives) ( Fig. 1 B). The levels of neutralizing antibodies significantly

increased ( p < 0.0 0 01) from 23.5% (13.4%–38.3%, 8/25 positives) at

t3 to 99.3% (99.2%–99.3%, 19/19 positives) at t4 ( Fig. 2 A). 

In the Ch/Ch/BNT group, the median anti-S1 IgG responses in-

creased from 86.8 BAU/ml (53.0–280.1, 16/19 positives) at t1’ to

648.9 BAU/ml (588.3–721.4, 21/21 positives) at t2’ ( p < 0.0 0 01)

( Fig. 1 B). The anti-S1 IgG levels also decreased significantly ( p <

0.01) to 390.9 BAU/ml (231.6–484.9, 19/20 positives) from t2’ to

t3’ ( Fig. 1 B). After the third booster dose at t4’, anti-S1 IgG lev-

els increased 7-fold ( p < 0.0 0 01) to 2799.2 BAU/ml (2182.8–2832.3,

11/11 positives) ( Fig. 1 B). The levels of neutralizing antibodies in-

creased ( p < 0.0 0 01) from 63.2% (46.8%–87.6%, 16/20 positives) at
Humoral and cellular responses to vaccination with 

homologous CoronaVac or ChAdOx1 and heterologous 

third dose with BNT162b2 
3’ to 98.9% (range 98.6%–99.1%, 11/11 positives) at t4’ ( Fig. 2 B). Ad-

itional anti-S1 IgA and anti-NCP IgG assays were also performed

Supplementary Figure). 

Both CoronaVac and ChAdOx1 vaccines induced high cellular

esponses at t3 and t3’, presenting median IFN- γ values of 778.9

IU/ml (340.0–1092.2 mIU/ml, 21/25 positives) and 1232.7 mIU/ml

579.3–2663.2 mIU/ml, 19/20 positives) ( Fig. 2 B), respectively. The

hird booster dose with BNT162b2 significantly increased the IFN-

levels to 4906.4 mIU/ml (4423.1–4928.6 mIU/ml, 19/19 positives)

nd 12,197.2 mIU/ml (3041.7–12,277.3 mIU/ml, 9/11 positives) in

he CoronaVac ( p < 0.0 0 01 from t3 to t4) and ChAdOx1 ( p < 0.01

rom t3’ to t4’) groups, respectively ( Fig. 2 B). 

A large population study in Brazil showed the importance of

he massive vaccination campaign and of all vaccines for the pre-

ention of severe COVID-19 and deaths. 7 However, it also indicated

mmune senescence for three of the vaccines currently in use in

he country: CoronaVac, ChAdOx1, and BNT162b2, especially for

oronaVac. 7 We observed waning immunity > 75 days after the

econd dose in CoronaVac or ChAdOx1 groups ( Fig. 1 B). However,

he heterologous vaccination schemes CV/CV/BNT or Ch/Ch/BNT re-

ulted in consistent increases in humoral ( Figs. 1 B and 2 A) and

ellular responses ( Fig. 2 B) after the third booster dose in both

roups. 

This study has several limitations. The small sample size of our

ohorts did not allow the analysis of possible differences between

exes and stratification of age groups. Information on previous

edical conditions was not systematically collected. The dates of

ample collection could not be completely synchronized between

he CoronaVac and ChAdOx1 groups. The trial is non-randomised

nd unblinded, which inhibits direct comparisons between the two

accine groups. The age differences between the two groups also

imits comparisons. 

In conclusion, our study provides evidence that waning immu-

ity after > 75 days of the second doses of CoronaVac or ChAdOx1

accines can be strongly recovered by the administration of a het-

rologous booster dose of BNT162b2. 
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Fig. 1. (A) Experimental design of this study. Healthcare professional volunteers vaccinated with two homologous doses of CoronaVac and with a heterologous third dose 

of BNT162b2 (CV/CV/BNT) or with two homologous doses of ChAdOx1 and with a heterologous third dose of BNT162b2 (Ch/Ch/BNT). Blood samples were collected at t0–t4 

for CV/CV/BNT and at t0’–t4’ for Ch/Ch/BNT. Humoral and cellular responses were evaluated by the levels of anti-S1 IgG, neutralizing antibodies, and IFN- γ . (B) Dynamics of 

humoral responses in vaccinated volunteers after two homologous doses of CoronaVac followed by a third dose with BNT162b2 (CV/CV/BNT) or after two homologous doses 

of ChAdOx1 followed by a third dose with BNT162b2 (Ch/Ch/BNT). 
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Fig. 2. (A) Levels of neutralizing antibodies and (B) IFN- γ after homologous vaccination with CoronaVac followed by a third dose with BNT162b2 (CV/CV/BNT) or after 

homologous vaccination with ChAdOx1 followed by a third dose with BNT162b2 (Ch/Ch/BNT). 
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C

ear Editor, 

We read with interest the article of Zheng et al. 1 , who reported

hat a high breath emission rate of viral particles may be one of

he most important reasons for justifying the higher transmissibil-

ty of the new severe acute respiratory coronavirus 2 (SARS-CoV-2)

micron variant. Unfortunately, no direct comparison of viral load

ith previous SARS-CoV-2 variants has been reported in the work

f Zheng et al., so that this conclusion remains intriguingly specu-

ative. 

In order to provide a direct comparison of the viral load in na-

opharyngeal specimens of patients infected by Omicron and for-

er SARS-CoV-2 variants, we retrospectively reviewed the results

f SARS-CoV-2 testing conducted during two corresponding peri-

ds of years 2021 and 2022 (i.e., between 3 and 9 January), char-

cterized by local prevalence of Alpha ( > 95%; January 2021) and

micron ( > 90%; January 2022) SARS-CoV-2 variants, respectively.

riefly, the study population consisted of all patients with a posi-

ive SARS-CoV-2 test performed between 3 and 9 January 2021 or

022, respectively. Routine nasopharyngeal samples were collected

ccording to standardized practice in subjects referred to the Ped-

rzoli Hospital of Peschiera del Garda (Italy) for undergoing rou-

ine SARS-CoV-2 testing, for presenting symptoms of coronavirus

isease 2019 (COVID-19) or for reporting close contact with SARS-

oV-2 positive subjects. In both these two years SARS-CoV-2 viral

oad was quantified using the same method and instrumentation

Seegene Allplex SARS-CoV-2 Assay; Seegene Inc., South Korea).

his multiplex real-time polymerase chain reaction (PCR) assay de-

ects four target genes of SARS-CoV-2 ( E, RdRP / S and N ) within a

ingle sample, providing test results as cycle threshold (Ct) values.

dditional technical and analytical characteristics of this method

re comprehensively described elsewhere 2 . The cumulative viral
ttps://doi.org/10.1016/j.jinf.2022.02.026 

2022 The British Infection Association. Published by Elsevier 

td. All rights reserved. 

ARS-CoV-2 Omicron infection is associated with high 

asopharyngeal viral load 
Abbreviations: SARS-CoV-2, Severe Acute Respiratory Syndrome Coronavirus 2; 

OVID-19, Coronavirus Disease 2019. 
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Fig. 1. Nasopharyngeal viral load measured in subjects infected by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) between 3–9 January 2021 (Alpha variant 

prevalent) and 3–9 January 2022 (Omicron variant prevalent) 

Ct, cycle threshold . 
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oad that we measured in nasopharyngeal swabs was expressed

s mean Ct value of the different SARS-CoV-2 genes. Final re-

ults were reported as median and interquartile range (IQR), and

ompared with Mann-Whitney or Chi square tests, when appropri-

te, using Analyse-it software (Analyse-it Software Ltd, Leeds, UK).

his retrospective study was conducted as part of routine clini-

al laboratory operations, using pre-existing nasopharyngeal speci-

ens collected for systematic SARS-CoV-2 diagnostic testing at the

ocal facility, so that patient informed consent and Ethical Commit-

ee approval were unnecessary. All test results were anonymized

efore statistical analysis. The study was conducted in accordance

ith the Declaration of Helsinki, under the terms of relevant local

egislation. 

The total number of patients with positive SARS-CoV-2 tests

as 47 in January 2021 and 118 in January 2022, respectively, thus

irroring the dramatic surge of infections seen after local spread

f the Omicron variant. Subjects with positive SARS-CoV-2 tests

n 2021 were significantly older (median age, 63 years; IQR, 47–

0 years) compared to those testing positive in 2022 (median age,

2 years; IQR, 25–53 years; p < 0.001), whilst the sex distribu-

ion was similar (females: 68% in 2021 vs. 58% in 2022; p = 0.107).

he mean viral load of the genes measured with the Allplex SARS-

oV-2 Assay is reported in Fig. 1 , showing that the Ct values in

anuary 2022 (median Ct value, 27.5; IQR, 23.5–32.7) when the

micron variant was prevalent were significantly lower than those

easured during the same period of the year 2021 (median Ct

alue, 31.8; IQR, 26.4–37.6; p = 0.007), when the Alpha variant was

revalent. Importantly, the rate of subjects with high nasopharyn-

eal viral load (i.e., Ct values < 25) was over 2-fold higher in Jan-

ary 2022 than in January 2021 (45/118 vs. 10/47; Odds ratio, 2.28

nd 95%CI, 1.03–5.03; p = 0.041). 

In conclusion, the results of our retrospective analysis provide

onvincing support to the suggestion that aerosols released by pa-

ients infected by SARS-CoV-2 Omicron variant may contain higher

iral particles than those released by subjects infected with pre-

ious SARS-CoV-2 strains, thus providing a solid biological back-

round to justify enhanced transmissibility of this new linage and

igher prevalence of upper respiratory tract symptoms reported in

ther studies. 3 , 4 
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Dear Editor, 

An increased all-cause mortality beyond previous years’ levels

was reported for several European countries within the first half

of 2020 corresponding to the early phase of the Severe acute res-

piratory syndrome-Coronavirus-2 (SARS-CoV-2) pandemic. 1 How-

ever, more recent studies suggested that excess mortality was only

partly to be explained by deaths directly attributed to the Coro-

navirus Disease 2019 (COVID-19). 2 In this light, our group inves-

tigated temporal evolution of excess deaths showing an additional

increase in mortality in the second half of 2020 in Germany, which

did not correspond with the number of deaths directly related to

SARS-CoV-2-infections. 3 With the current letter, we expand this

analysis by examining data through December 2021 in the ongo-

ing pandemic situation. 

Nationwide open access data from the German Federal Bureau

of Statistics depicted daily and weekly all-cause deaths. 4 Data of

full weeks from January to December 2021 was extracted and

compared to averaged death counts from corresponding weeks in

2016–2019 representing the pre-pandemic control period. Emerg-

ing SARS-CoV-2-infections and deaths attributed to COVID-19 were

daily reported by the Robert-Koch-Institute (RKI). 5 Information on

SARS-CoV-2-infections was gathered from July 2020 on to exam-

ine a lagged influence on mortality. Incidences of infections per

10 0,0 0 0 inhabitants within a federal state were used to calculate

tertiles defining low, intermediate and high COVID-19 case volume.

Locally Estimated Scatterplot Smoothing curves (LOESS, degree of

smoothing α = 0.25) with 95% confidence intervals (CI) were fit-

ted illustrating daily fatalities. Inferential statistics were based on

generalized linear mixed models (GLMM) and Poisson GLMMs with

log link function. Effects were estimated with the lme4 package

(version 1.1–26) in the R environment for statistical computing

(version 4.0.2). Varying intercepts were specified for random fac-

tors. Another model was employed for each factor with the vari-

ables period, treatment contrasts for the factor levels and the cor-

responding interactions. Incidence rate ratios (IRRs, calculated by

exponentiation of the regression coefficients) were reported with
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National mortality data for Germany before and 

throughout the pandemic: There is an excess mortality 

exceeding COVID-19-attributed fatalities 
Abbreviations: CI, Confidence interval; COVID-19, Coronavirus disease 2019; 

GLMM, Generalized linear mixed model; IRR, Incidence rate ratio; LOESS, Locally 

estimated scatterplot smoothing; RKI, Robert-Koch-Institute; SARS-CoV-2, Severe 

acute respiratory syndrome-Coronavirus-2. 
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t  
5% CIs. Mortality prediction implementing lagged SARS-CoV-2-

nfection rates and the computation of sliding IRRs were performed

ia Poisson GLMMs. For the calculation of sliding IRRs for a 12-

eek range, the dataset has been expanded by mortality data of

020. 

Compared to previous years, there was an overall excess all-

ause mortality (IRR 1.090, 95%CI 1.087–1.093, p < 0.01) that

ersisted after the exclusion of deaths officially attributed to

OVID-19 (IRR 1.022, 95%CI 1.019–1.025, p < 0.01). The latter was

riven by an increase in daily deaths between the end of April and

uly and between August and December as illustrated by LOESS

urves ( Fig. 1 , Panel A). Calculating sliding IRRs for 12-week inter-

als ( Fig. 1 , Panel B), a reduced risk of all-cause death excluding

OVID-19-attributed fatalities was shown for the first months in

021 (period 1: 01/04/2021–03/21/2021, IRR 0.922, 95%CI 0.916–

.927, p < 0.01), while there was an ongoing increase of IRRs from

he end of March on (period 2: 03/29/2021–01/02/2022, IRR 1.059,

5%CI 1.056–1.063, p < 0.01). Non-COVID-19-attributed mortality

as associated with higher age ( ≥ 80 years, IRR for interaction

.154, 95%CI 1.122–1.187, p < 0.01), male sex (IRR for interaction

.033, 95%CI 1.027–1.039, p < 0.01) and treatment in a region with

igher COVID-19 case volume (IRR for interaction 1.018, 95%CI

.012–1.025, p < 0.01). These associations were consistent when

nalyzing the two different periods in 2021 that were based on

he sliding IRR analysis. When calculating prediction models for

ll-cause mortality including age, gender, weekly indices and the

umber of SARS-CoV-2-infections with different preceding time

ntervals, lagged infection incidences had a significant influence

n mortality with the strongest influence after a delay of 4 weeks

 Fig. 2 ). Another increase in IRRs for mortality was related to the

ncidence of SARS-CoV-2-infections after a lag of 19 weeks and

ore. 

We present an up-to-date analysis comparing mortality statis-

ics for 2021 and a pre-pandemic control period that shows

n excess mortality in 2021 even after the exclusion of deaths

ttributed to COVID-19 cases. This corresponds to the results

f our earlier work, although the effect is currently even more

ronounced with a significant excess mortality in the second half

f 2021. 3 Interestingly, an analysis of inpatient data showed no

ncreased in-hospital mortality in a German multicentric hos-

ital database, which could led to the assumption of a shift of

eaths to the outpatient setting. 6 Both an assumed avoidance

f patients to enter the health care system fearing nosocomial

iral transmission and extensive changes in patient pathways

hroughout different disease groups including the widespread

ostponement of planned procedures could contribute to our

ndings. This is supported by the observation of a parallel increase

f cardiovascular excess mortality and COVID-19-related deaths

nd the fact that non-COVID-19 excess mortality has been linked

o the prevalence of comorbidities in datasets from the United

tates. 7 , 8 The reduction of acute hospitalizations for cardiovascular

iseases and the deficit of cardiovascular interventions during the

andemic indicating a lower quality of overall patient care could

ontribute to the increased cardiovascular death rates. Postponed

reatments were also reported in other medical fields including

ncology. 

Another possible explanation would be an underestimation of

OVID-19-related deaths due to a lacking detection of infections. 9 

n this light, a recent study from Sanmarchi and colleagues found

n association of viral test capacity and a divergence of excess mor-

ality and counts of fatal SARS-CoV-2-infections. 10 This might be an

xplanation for the observation that infection incidences are asso-

iated with all-cause mortality with a time lag of few weeks even

fter the exclusion of COVID-19-attributed deaths. Lastly, delayed

ffects and sequelae of past SARS-CoV-2-infections may contribute

o an increased mortality at a later time by different mechanisms,
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Fig. 1. LOESS curves for weekly mortality counts comparing 2016–2019 with 2020 and 2021 (Panel A). Sliding IRR analysis of all-cause mortality for 12-week intervals (dots 

are placed at the starting date of the time interval, bars represent 95% CIs) excluding deaths attributed to SARS-CoV-2 (Panel B). 
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ut were likely not counted as COVID-19-related deaths. The late

e-increase of IRRs in the analysis of lagged effects of SARS-CoV-2

nfections on mortality may reflect such sequelae. 

Whatever the reason is, these observations are noteworthy and

equire a further evaluation in order to adequately respond to it in

he future. 
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Fig. 2. Prediction model for all-cause mortality (excluding SARS-CoV-2-attributed deaths) implementing different lags for incidences of SARS-CoV-2-infections. IRRs are given 

for an increase of 10 0,0 0 0 SARS-CoV-2-infections. 

AIC: Akaike’s information criterion (lower values indicate better model performance). 
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