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ear Editor, 

The study by Lui et al., indicated that an inflammatory immune

esponse is associated with severe RSV infections in elderly [ 1 , 2 ].

n children under the age of 5 years respiratory infections are re-

ponsible for 4–20% mortality globally, and half of these may be

aused by viral infections [3] . In asymptomatic young children 40–

0% are positive for one or multiple viruses in the nasopharynx

 4 , 5 ]. In adults this percentage is lower, but still respiratory virus

an be detected by molecular diagnostics in5–20%. Molecular diag-

ostics are highly specific and sensitive. However, high costs, rel-

tively long turnaround time, and restricted number of targets are

mportant limitations. 

Infection of host epithelial cells can attract and activate local

urveying innate immune cells leading to the secretion of inflam-

atory mediators, such as chemokines and cytokines. Of all early

mmune signals, the production of chemokines is considered the

ery initial signal meant to recruit other immune cells to resolve

he infection. Potentially, these chemokines could predict the pres-

nce of any virus [6] . Analysis of chemokines in the nasophar-

nx has the advantage that the same specimen may be used for

olecular diagnostics and chemokine analyses without the need

f collecting a blood sample. In addition to detecting the pres-

nce of viruses, understanding differences in the immune response

etween symptomatic and asymptomatic cases may increase our

nsight into protective immune responses and might help to find

mmune markers associated with symptoms and disease prognosis

 1 , 6 , 7 ]. 

In this study two independent cohorts were included and anal-

sed for viral presence and chemokine levels (see Supplementary

ethods). The first cohort (POC-ID) are children hospitalized for

uspected respiratory infections, obviously having very clear symp-

oms. POC-ID consists of 61 children of whom 30 showed viral

resence in the nasopharynx ( Fig. S1, Table S1 ). This group of

irus-positive children consisted of 57% males with an average age

f 2.7 years (95% confidence intervals 1.6–3.9) compared to 4.2

2.8–5.7) years in the virus-negative children group. In 21 children

 single virus was detected and in 9 children 2 or more different

iruses were detected. Of the virus-positive children 9 were admit-

ed to the intensive care unit. The second cohort (OKIDOKI3) are

symptomatic or symptomatic children and adults recruited from

he general population. OKIDOKI3 consisted of 255 asymptomatic

r symptomatic children and 198 mostly asymptomatic adults. 70%

f the children and 26% of the adults were virus-positive. Virus-

ositive children were more often symptomatic compared to virus-
t  

ttps://doi.org/10.1016/j.jinf.2021.10.012 
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egative children ( p = 0.042). In 56% of the virus-positive children

ore than one virus was detected. 

In all nasopharyngeal swabs used for viral diagnostics

hemokines were detected, confirming that nasopharyngeal swabs

ould serve to analyze host immune responses ( Fig. 1 A ). In the

OC-ID cohort virus-infected children showed different chemokine

rofiles compared to children attending the hospital for respira-

ory symptoms without an identified infectious cause ( p = 0.016)

 Fig. 1 B ). The concentrations of CCL4, CXCL10 and CXCL11 were sig-

ificantly increased in virus-positive patients compared to virus-

egative patients ( Fig. 1 C ). 

In the independent OKIDOKI3 cohort consisting of asymp-

omatic or symptomatic children and adults the chemokine profile

nalyses revealed considerably higher concentrations in children

ompared to adults ( Fig. 1 D ). Therefore, the age groups within

KIDOKI3 were analyzed separately. In children, significantly in-

reased concentrations of CCL2, CCL4, CCL5, CXCL8 and CXL10

ere observed when viruses were detected in the swab sam-

les ( Fig. 1 E, Table S2A ). CCL11 levels were significantly higher

n virus-negative children. In symptomatic virus-positive children

ncreased concentrations of CCL3 ( p < 0.05) and CCL4 ( p < 0.01)

ere observed compared to asymptomatic virus-positive children

 Fig. 1 E ). CXCL10 concentrations were increased in symptomatic

irus-negative children, but not in symptomatic virus-positive chil-

ren. Multivariate RDA analysis in children indicates that overall

he chemokine profiles were indeed significantly different between

irus-positive and -negative children ( Fig. 1 F , p = 0.001). 

In adults, CCL2, CCL5, CCL20, and especially CXCL9, CXCL10 and

XCL11 were significantly increased if virus-positive ( Fig. 2 A, Ta-

le S2B ). Multivariate RDA analysis based on all chemokine re-

ponses confirmed the importance for the individual observations

ith CXCL9, CXCL10 and CXCL11, and overall showed a clear and

ignificant distinction between virus-positive and -negative adults

 Fig. 2 B , p = 0.001). In adults the presence or absence of symptoms

as not associated with altered concentrations of chemokines. 

A random forest model was built to assess the importance of

ifferent markers in predicting viral presence. The multi-way im-

ortance plot shows that CCL17, CCL11, CCL2 and CXCL8 (IL-8) were

he strongest predictors for the presence of viruses in children

 Fig. 2 C ). Interestingly, symptoms hardly contributed to the dis-

inction between viral positive or negative. ROC analysis ( Fig. 2 D )

howed an area under the curve of 0.85, with a sensitivity of 0.94

nd a specificity of 0.60, resulting in an accuracy of 0.84. 

In adults the strongest signal was observed for CXCL11 ( Fig. 2 E ).

n addition, CXCL10, CXCL9, CXCL1 and CCL5 were important pre-

ictors in the model. The area under the ROC curve ( Fig. 2 F ) was

.73, with a sensitivity of 0.60 and a specificity of 0.86, resulting

n an accuracy of 0.79. 

We show that nasopharyngeal swab samples can be used to de-

ect early markers of infection by measuring a broad chemokine
eserved. 

https://doi.org/10.1016/j.jinf.2021.10.012
http://www.ScienceDirect.com
http://www.elsevier.com/locate/jinf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2021.10.012&domain=pdf
https://doi.org/10.1016/j.jinf.2021.10.012
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Fig. 1. Chemokine levels in children with or without a viral infection in the POC-ID cohort. (A) Concentrations of the chemokines measured in the samples of the POC-ID 

cohort. Box plots show median value, 50% median values an error bars 1–99% percentiles. (B) RDA analysis of the chemokine levels in virus-positive and virus-negaitve 

children. (C) The chemokines CCL4, CXCL10 and CXCL11 in POC-ID children with or without virus. (D) PCA of children and adults of the OKIDOKI cohort. (E) Chemokine 

levels in children of the OKIDOKI cohort in relation to the presence of virus or symptoms or not. Statistical test results are provided in Table S2A. (F) RDA of children in the 

OKIDOKI cohort relative to the presence of virus. 
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panel. A combination of molecular diagnostics with chemokine

profiling at the site of infection will support decision making in ur-

gent clinical situations, especially because of the prognostic value.

Moreover, confirmation that the infection is likely caused by a

virus, in case of an inconclusive molecular diagnostic outcome, will
educe unnecessary use of antibiotics. Increased levels of nasopha-

yngeal CCL4 were observed in virus-positive samples of children,

ut not adults. Vice versa, the chemokines CCL2 and CCL5 were ob-

erved in non-hospitalized children and adults but not in hospital-

zed children. Our data cannot provide conclusive evidence for the
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Fig. 2. Chemokine levels in adults of the OKIDOKI cohort and random forest analyses. (A) Chemokine concentrations in virus-negative and virus-positive samples of persons 

with and without symptoms. Statistical test results are provided in Table S2B. (B) RDA analysis of the adults in the OKIDKOI cohort relative to the presence of virus. (C–F) 

Random forest models to assess to ability of chemokines to predict the presence of virus. (C) Multi-way importance plot of chemokines to predict the presence of virus 

in nasopharyngeal samples of children in the OKIDOKI cohort. The top predictors are highlighted, and color index indicates degree of significance. (D) ROC curve for the 

random forest model in ‘A’. (E) Multi-way importance plot of chemokines to predict the presence of virus in nasopharyngeal samples of adults in the OKIDOKI cohort. The 

top predictors are highlighted, and color index indicates degree of significance. (F) ROC curve for the random forest model in ‘D’. 
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role of these specific markers in protective immune response or

disease, but these findings are worth pursuing to identify whether

early induction of CCL2 and CCL5 is associated with protection

against more severe viral infection and to determine whether in-

creased CCL4 leads to worse disease prognosis. A better under-

standing of these responses could help to understand the risk of

developing (severe) disease following viral infection. 
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D  
ear Editor, 

Recently, increased antigenicity changes in highly pathogenic

5N6 avian influenza viruses (AIVs) have been reported in this

ournal. 1 Highly pathogenic avian influenza viruses (HPAIVs) of

he H5 subtype remain a great concern for the poultry industry

nd public health. Since the first report of HPAI H5N1 influenza

irus (A/Goose/Guangdong/1/1996(H5N1); Gs/GD) in Guangdong 

rovince in China in 1996, 2 the Gs/Gd lineage virus and its genetic

eassortants have continued to cause outbreaks in wild birds and

oultry yielding massive mortality. The hemagglutinin (HA) gene

f this Gs/GD lineage has undergone reassortments with other sub-

ypes of AIVs and has diversified into multiple genetic clades, in-

luding 2.3.4.4. 3 HPAIVs of the H5N8 subtype of 2.3.4.4 subclade

ere first detected in eastern China domestic ducks in in 2010. 4 

his subtype has caused outbreaks in domestic ducks and migra-

ory birds in China and South Korea in early 2014. 5 Since then, this

5N8 virus has spread throughout Asia to Europe and the United

tates via migrating birds and has caused multiple outbreaks. How-

ver, the H5N6 subtype became the dominant AIVs subtype in

outhern China since 2014. Although the H5N8 virus reemerged

n swans in 2020 in Xinjiang and Inner Mongolia, no outbreaks

f H5N8 virus have been reported in domestic poultry in main-

and China since 2017. In this study, we report the detection of a

ovel HPAI A(H5N8) in the domestic Goose in Guangdong, China

n November 2020. 

During a surveillance program of AIVs in waterfowl in

uangdong Province, China, from November 2020 to March

021, we detected 8 HPAIVs (A/Goose/Guangdong/21FU001/2021-

/Goose/Guangdong/21FU008/2021) of H5N8 subtype with a HA

leavage site sequence (REKRRKR ↓ GLFGAI) from dead domestic

eese. The liver, pancreas, and spleen tissues were mixed and ho-

ogenized and the total RNA of the homogenates was extracted

sing Trizol reagent (Vazyme, China), following the manufacturer’s

nstructions. Viral RNA was then reverse-transcribed using HiS-

ript III 1st Strand cDNA Synthesis Kit (Vazyme, China) with the

ni12 (5 ′ -AGCAAAAGCAGG-3 ′ ) primer. The presence of AIV was

etermined using an RT-PCR assay with a designed primer 6 tar-

eting the conserved region of the M segment with an expected

ize of 234 bp. Full-length viral genomes were then amplified us-

ng a Phusion hot start II high-fidelity PCR mix utilizing univer-

al primers sets described by Hoffman et al . 7 The viral genome se-
e-emergence of highly pathogenic avian influenza 

(H5N8) virus in domestic Goose, China 
Table 1 

Top blast hit of viruses from global initiative on sharing al

the highest nucleotide similarity with the Guangdong H5N

Segment Virus name 

PB2 A/chicken/Omsk/0119/2020 (A/H5N8) 

A/chicken/Omsk/0112/2020 (A/H5N8) 

PB1 A/chicken/Omsk/0112/2020 (A/H5N8) 

A/Goose/Omsk/0113/2020 (A/H5N8) 

PA A/chicken/Omsk/0119/2020 (A/H5N8) 

A/chicken/Omsk/0119/2020 (A/H5N8) 

HA A/chicken/Omsk/0112/2020 (A/H5N8) 

A/Goose/Omsk/0113/2020 (A/H5N8) 

NP A/Turkey/Omsk/0 0 03/2020 (A/H5N8) 

A/Turkey/Rostov-on-Don/332–12/2021 (A/H5N

NA A/chicken/Kostroma/304–06/2020 (A/H5N8) 

A/chicken/Kostroma/304–04/2020 (A/H5N8) 

M A/chicken/Kostroma/304–10/2020 (A/H5N8) 

A/chicken/Kostroma/304–08/2020 (A/H5N8) 

NS A/Duck/SouthwesternChina/B1904/2020(H5N

A/Duck/Northern China/ZGL/2020(H5N8) 

∗Homology analysis of all influenza gene segments PB2, PB

isolates was performed on GISAID. 
uences were then deposited at GenBank with accession numbers

Z882169-MZ882184. 

All of these 8 H5N8 strains contained the 222Q and 224 G (H5

umbering) in the HA, which suggested a typical avian-like ( α,2,3-

A) receptor preference. The residues E627and D701 in the PB2

rotein suggest that these H5N8 viruses have not yet adapted to

ammalian cells. However, residues 218Q and 223R (H5 number-

ng) were observed in the HA protein, indicating increased virus

inding affinity to sialyl lewisX glycans and suggested the adap-

ion of H5N8 to terrestrial birds. All H5N8 viruses detected in this

tudy shared the amino acid substitution of T192I in the antigenic

ite B, which suggests potential antigenic drift. Two isolates had

n amino acid substitution D128N in HA that was not found in the

ther H5N8 strains worldwide. The NA gene from all 8 samples had

he amino acid substitution N28S compared to the human isolate

/Astrakhan/3212/2020 reported in Russia in December 2020. 

Sequence comparison results suggested that the 8 isolates in

his study shared a high nucleotide identity between HA and NA

enes (99.2 −99.9%). A BLAST search in the Global Initiative on

haring All Influenza Data (GISAID) database suggests that these

5N8 strains shared high nucleotide identity ( > 99%) with the

5N8 virus isolated from chickens in Russia in November 2020

EPI1813345, Table 1 ). The BlAST ( https://www.ncbi.nlm.nih.gov/

last/) search in GenBank showed that the closest genetic relative

f these H5N8 viruses was isolated from a Mute Swan ( Cygnus olor )

n Shandong province in January2021 (MW960368). 

The MAFFT (Multiple Alignment using Fast Fourier Transform)

mbedded in the UGENE software was then used to align the

ultiple sequences (Version 36.0). 8 The alignment lengths of each

ene segment were: PB2, 2398 nt; PB1, 2252 nt; PA, 2211 nt; HA,

750 nt; NP, 1521 nt; NA, 1452 nt; M, 1003 nt; and NS, 865 nt. The

ucleotide and amino acid homology of the genes among the 8

trains were then calculated by using the Geneious software (Ver-

ion 11.0.9) ( www.geneious.com ) using the default settings. The

hylogenetic trees of genes were then constructed using the maxi-

um likelihood (ML) method with 10 0 0 bootstrap replicates in IQ-

REE (Version 1.6.12). The phylogenetic tree was then further an-

otated by FigTree (Version 1.4.3). The phylogenetic analysis then

howed that these H5N8 viruses belong to the clade 2.3.4.4b (Sup-

lementary Fig. 1). A phylogenetic analysis using the NextStrain

hylogenetic pipeline 9 indicated that these H5N8 viruses share a

ommon ancestor with H5N8 viruses circulating in Egypt during

018–2019, and with viruses detected in eastern Europe (Belgium,

enmark, and Israel) during 2016–2018 ( Fig. 1 A). Sequence com-
l influenza data (GISAID) in June 2021, which shared 

8 isolates reported in this study. 

Accession number Similarity (%) 

EPI1813382 99 

EPI1813342 99 

EPI1813343 99 

EPI1813159 99 

EPI1813381 99 

EPI1813221 99 

EPI1813345 99 

EPI1813161 99 

EPI1813122 99 

8) EPI1848767 99 

EPI1848645 99 

EPI1848637 99 

EPI1848657 99 

EPI184 864 9 99 

8)(A/H5N8) EPI1844105 99 

EPI1844094 99 

1, PA, HA, NP, NA, M and NS from Guangdong H5N8 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2021.10.006&domain=pdf
https://www.ncbi.nlm.nih.gov/blast/)
http://www.geneious.com
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Fig. 1. Phylogenetic trees of hemagglutinin of the highly pathogenic avian influenza (HPAI) A(H5N8) viruses (A) and the diversity of residue 140 of the hemagglutinin and 

the diversity of residue 140. The phylogenetic analysis of H5N8 HPAIV was built using the NextStrain phylogenetic pipeline ( https://nextstrain.org/ ). 
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parisons of the HA gene revealed that residue 140 had the high-

est diversity with an entropy of 0.818. It is to be noted that re-

cent H5N8 isolates shared a common T140A mutation in contrast

to their ancestor strains (Fig. 1 B). 

Africa, in particular Egypt, has been suggested as a hotspot for

the global spread of the HPAI H5Nx virus. 10 Egypt, especially Lake

Manzala in north Egypt, is one of the key migration spots for mi-

gratory birds crossing Africa, Europe, and Asia. Similar HPAI H5N8

virus has been reported in Mute swans (Cygnus olor) and whooper

swans (Cygnus cyguns) in Netherlands and Northern China during

the early winter 2020. These swans may play a key role in dissemi-

nating H5N8 viruses into domestic poultry that may pose a serious

threat to public health. 

In conclusion, we report the reinvasion of the HPAI H5N8 virus

in domestic geese in Guangdong, China. This finding provided evi-

dence for the rapid spreading and reassortment of the HPAI H5N8

virus in domestic poultry. The reemergence of the HPAI H5N8

virus is a serious concern for both poultry industry and human

health. Hence, an enhanced surveillance of HPAI H5N8 virus in

migratory birds and domestic poultry is essential to enable early

warning of the potential wide dissemination of these novel H5N8

viruses. 
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ear Editor, 

In a recent article titled “Emerging polio hotspots in Pakistan:

hallenges and the way forward” we reported the alarming emer-

ence of polio hotspots in Pakistan. 1 Afghanistan, on the other

and, a polio-endemic country, is now at a potentially historic

rossroads due to years of conflict and war-torn areas. Considering

he political unrest in Afghanistan and the uncontrolled influx of

efugees to Pakistan, the current article highlights the future con-

equences of polio eradication in this region. 
10. Fusaro A. , Zecchin B. , Vrancken B. , Abolnik C. , Ademun R. , Alassane A. , et al. Dis-
entangling the role of Africa in the global spread of H5 highly pathogenic

avian influenza. Nat Commun 2019; 10 (1):5310 Nov 22PubMed PMID: 31757953.
Pubmed Central PMCID: PMC6 87464 8. Epub 2019/11/24 . 
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ar-torn Afghanistan - potential risk to the polio 

radication effort s: A call f or global concern! 
Past tragedies have left many Afghans scarred and fearful about

he country’s future. After two decades of war, more than 0.075

illion Afghan military personnel and over 0.1 million civilians

ied, while only the United States of America (USA) spent more

han $2 trillion to bring stability there. After USA troops’ with-

rawal, the early fall of the Afghan government has stunned

he world. 2 Although the USA trained and armed the Afghan

orces with advanced technology, but they could not contain the

ebels longer. Amid rising violence and security challenges in

fghanistan’s conflict-ridden regions, the World Health Organiza-

ion (WHO) field reports reveal that civilians remain obvious target

ictims of armed conflict. 3 

Afghanistan’s health system made developments progressively

ver the last 17 years and increased coverage of health services.

n 2018, almost 3135 health institutions were operational and ac-

essible to > 87% population in around two hours’ drive. 4 These

onstructive endeavors are now at risk of downfall, while the

ealthcare sector is confronted with more new challenges, par-

icularly severe budgetary constraints, which would inevitably re-

ult in devastation. International Monetary Fund (IMF) recently

rozen Afghanistan’s access to reserve assets, while a few days be-

ore, they were supposed to receive almost $500 million. 5 

Keeping in view the current circumstances, Afghanistan is wit-

essing one of the worst health crises in the world. According to

HO, conflicts, natural catastrophes, and population displacement

ave left more than 3.7 million Afghan people needing emergency

ealth assistance. 6 Dreadfully, Afghanistan’s disease surveillance

nd immunization programs were also not strengthened enough to

etect, prevent, and control disease outbreaks at early stages. This

ould raise the disease burden and wreak havoc on disease man-

gement, control, and eradication efforts in this war-torn region. 

There has never been a time in history when the world

as so close to eliminating Wild Poliovirus (WPV). Pakistan and

fghanistan are the only countries where new WPV cases have

een detected following the WHO declaration that Africa is polio-

ree. According to the WHO, poliovirus activity has surged dramat-

cally, with the number of WPV cases reaching 56 in 2020, up from

9 in 2019. Meanwhile, 84 WPV cases were reported in Pakistan in

019 ( Figs. 1 & 2 ). 1 , 7 , 8 

Owing to this political unrest, the internal displacement crisis

ooms in Afghanistan, and thousands of Afghan refugees are mi-

rating to the neighboring Pakistani areas. The geographical areas

ear the Pak-Afghan border were the hardest impacted by polio

ases during the last two years, and appallingly, all Afghan refugees

re entering Pakistan without being vaccinated. Many people have

allen between the gaps due to the enormous population inflow,

articularly children, who were missed in routine immunization

nd did not receive supplemental immunization, which poses a se-

ere threat to both countries’ attempts to eradicate the crippling

oliovirus. Since infectious organisms do not recognize physical

oundaries, unrestricted migration may transmit WPV in neighbor-

ng nations, making Pakistan and Afghanistan the world’s epicen-

er. According to the recent survey in 2021, In Pakistan, the immu-

ization coverage among children age 12–23 months was Quetta

45%), Karachi (64%), Peshawar (76%), and Punjab ( ≥ 80%) cover-

ge. 9 

Considering this situation, comprehensive policies and strate-

ies are direly needed to manage the influx of refugees ef-

ectively. Primary health care, including immediate synchronized

ross-border vaccination for childhood diseases, should also be a

riority for refugee management activities at this time. In this

anner, the possible change in disease burden may be miti-

ated, and any local health emergency can be remedied before

t develops into public health emergency of international concern

PHEIC). 
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Fig. 1. This figure depicts the wild polio hotspots in Pakistan and Afghanistan. In 2020, polio cases surged alarmingly along the Pakistan-Afghan border. The massive 

unvaccinated influx of Afghan refugees might result in a polio outbreak in both countries. 

Fig. 2. Number of wild polio cases reported in each month for both years 2019 and 2020. Data trend revealed a higher number of polio cases in Afghanistan in 2020 

compared to 2019, which is an alarming situation. 
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ear Editor , 

Group B Streptococcus (GBS) remains a major cause of invasive

nfection in neonates and young infants, leading to a significant

ortality and morbidity. 1 We read with great interest the article

y Takata et al. who reported that GBS remained to be the most

ommon Gram-positive organism causing bacteremia in neonatal

nits in UK from 2005 to 2018. 2 Neonatal GBS disease, according

o onset timing, can be further divided to early-onset disease (EOD;

nset from birth to 6 days) and late-onset disease (LOD; onset be-

ond 7 days). 3 The classification is attributed to the possible dif-

erent transmission modes. The pathogenesis of EOD has been well

haracterized and is acquired in utero or during passage through

he vagina, namely vertical transmission. 4 On the other hand, the

nderstanding on the transmission of LOD is still limited. It is be-

ieved that LOD can be acquired via two routes: (1) vertical trans-

ission and colonization at the time of birth, with evolution into

ater infection and (2) horizontal acquisition from hospital envi-

onments or community. However, it is difficult to determine the

ransmission route of LOS by clinical investigations alone. 

GBS can be classified into 10 serotypes (Ia, Ib, and II to IX)

ased on its capsular polysaccharide (CPS). The most common

erotypes of maternal GBS colonization are VI, followed by III, V, Ia

nd I; however, neonatal invasive GBS infection are mainly caused

y GBS Ia, Ib, and III. 5 , 6 In addition, previous reports showed that

ome women were colonized by multiple strains of GBS in the gen-

tal tract, an issue that is easily overlooked. 7 , 8 In studies of GBS

erotype distribution, most only performed single colony testing,

o that co-colonization could be missed. To further understand the

echanism of GBS colonization and transmission, we performed

erial experiments including multiple colonies testing and paired

BS analysis to explore the GBS transmission routes. 

During June 2014 and June 2016, we prospectively collected in-

ants’ GBS isolates from blood and/or cerebrospinal fluid (CSF). For

he multiple GBS colonies testing, we picked 8 positive blood cul-

ures from diseased neonates and another 8 positive vaginal swab

ultures from pregnant women for further experiments. LIM broth

BD Diagnostics, Sparks, MD) of the positive vaginal swab culture

as sub-cultured on a 5% sheep blood agar plate, which was then

ncubated at 37 °C for 24 h. For each sample, 130 colonies of GBS

ere harvested from the plate and each colony was transferred to

 microcentrifuge tube for DNA extraction. Then pooled DNA from

he 130 colonies were subjected to multiplex polymerase chain re-

ction (PCR) for molecular serotyping. For neonatal invasive iso-

ates, the positive blood cultures were also sub-cultured onto blood

gar plate with incubation overnight. DNA of 130 colonies from

ach positive culture were extracted and pooled for PCR testing

or serotyping as mentioned above. In paired GBS analysis, we col-
1 These authors contributed equally. 
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enomic analysis of maternal carriage of group B 

treptococcus and transmission routes of neonatal sepsis 
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Table 1 

Clinical information and genomic characteristics of group B Streptococcus isolated from paired diseased infants and their mothers. 

Pair Brief history GBS screen and IAP Infant’sGBS (A) Mother’sGBS (B) GBS inLIM broth (C) SNV a (A & B) SNV b (B & C) 

1 

GA 39 weeks via VD, female 

LOD GBS at 119 days of age(sepsis) 

Unknown 

III/ST17 III/ST17 

GBS (80.4%) 

4 48 

2 

GA 38 weeks via VD, male 

LOD GBS at 71 days of age(sepsis) 

Uknown 

III/ST17 III/ST17 

GBS (74.8%) 

4 12 

3 

GA 39 weeks via VD, female 

EOD GBS at 6 days of age 

(sepsis) 

Negative GBS screen 

Ib/ST12 Ib/ST12 

GBS (44.3%) 

4 118 

4 

GA 38 weeks via VD, male 

EOD GBS at 2 days of age 

(sepsis and meningitis) 

Positive GBS screen 

IAP with cefazolin > 4 h 

III/ST17 III/ST17 

GBS (100%) 

2 3 

5 

GA35 weeks via CS, female 

LOD GBS at 47 days of age (sepsis) 

No screen and no IAP III/ST17 Ia/ST23 

GBS (90.3%) 

11,812 4 

Abbreviations: EOD: early-onset disease; LOD: late-onset disease; GA: gestational age; GBS: group B Streptococcus ; VD: vaginal delivery; CS: Cesarean section; IAP: 

intrapartum antibiotics prophylaxis; SNV: single nucleotide variations. 
a Difference in the number of SNV between the genomes of infant’s GBS (A) and mother’s GBS (B). 
b Difference in the number of SNV between the genome of mother’s GBS (B) and metagenome in LIM broth (C). 
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a  
lected the vaginal swabs of the matched mothers from the dis-

eased infants for LIM broth culture at the diagnosis of neonatal

GBS disease. PCR and multi-locus sequence typing (MLST) were

performed on single GBS colony from paired GBS to characterize

the infants’ and mothers’ GBS isolates. Metagenome of LIM broth

from mothers collected at the diagnosis of neonatal GBS disease

was sequenced to investigate mothers’ vaginal microbiome, and to

unveil the possible existence of multiple GBS serotypes in the vagi-

nal microbiome in the diseased infants’ mothers. Whole-genome

sequencing (WGS) was performed to determine whether the in-

fants’ GBS and mothers’ GBS were identical. The detailed methods

of PCR, MLST, WGS and metagenome sequencing were described in

the Supplementary Methods. 

In the multiple colonies testing, the serotypes of maternal car-

riage isolates examined were four GBS VI, and the other four GBS

Ia, Ib, II and III each. Among neonatal invasive GBS isolates, three

were GBS Ia, two GBS Ib, one GBS III, and two GBS VI. Multi-

plex PCR on a total of 16 pooled DNA samples, each from multiple

colonies, showed no evidence of multiple serotypes carriage in the

mothers as well as infection in the infants. 

Five GBS pairs were matched successfully between mothers and

neonates. The clinical information and molecular characteristics of

the five pairs of GBS isolates were summarized in Table 1 . Among

the infants, two had EOD and three LOD. Serotype III with se-

quence type 17 (GBS III/ST17) accounted for 4 of the 5 infants’ GBS

isolates. The other one was GBS Ib/ST12. 

Except for pair 5, all other 4 mothers’ GBS showed the same

molecular characteristics as infants’ GBS. Infant in pair 5 was a fe-

male late preterm twin baby born by Cesarean section at 35 weeks

of gestational age, and her mother did not receive GBS screening

before delivery. The infant developed GBS LOD by GBS III/ST17 at

47 days of age. However, the vaginal swab culture of her mother

yielded GBS Ia/ST23. Her twin sister did not develop GBS disease. 

We sequenced the genomes of all paired GBS as well as the

mothers’ vaginal LIM broth microbiome. First, we compared the

paired single colony and microbiome from the mothers and iden-

tified few single nucleotide variations (SNVs), suggesting that in

these womens’ vaginal microbiome, there was a predominant GBS
train instead of mixed strains. Next, we compared the genomes of

he mothers’ GBS and the infants’ GBS. For all subjects except pair

, the SNV distances between the paired genomes were smaller

han 5 SNVs, indicating the mothers’ vaginal GBS as the source of

he infection in the infants. In pair 5, such a pairwise concordance

as not observed; thus, there was other environmental source re-

ponsible for the infant’s infection. 

The mother in pair 3 had a negative antenatal GBS screening,

ut the newborn still developed GBS EOD by GBS Ib/ST12 at 6

ays of age. The mother in pair 4 had a positive GBS screening

nd received appropriate IAP with cefazolin, but the infant still

eveloped GBS EOD with sepsis and meningitis by GBS III/ST17.

etagenome of maternal LIM broth showed that 100% of the reads

elonged to GBS colonizing in the mother’s vagina. The other four

others’ vaginal LIM broth microbiome showed multiple bacte-

ia. Although LIM broth selectively enriched the growth of GBS,

etagenome analysis still identified other bacterial colonization in

aternal genital tract, including Enterococcus avium, Enterococcus

aecalis, Staphylococcus aureus, Staphylococcus lugdunensis and Strep-

ococcus anginosus (Supplementary Table 1). 

We investigated the diseased infants’ GBS isolates, mothers’

BS carriage isolates and mothers’ vaginal microbiome to explore

he source of infants’ GBS infection and the possibility of mul-

iple GBS carriage. Although previous studies reported that 6.6%

f GBS-positive mothers may carry multiple strains, 7 there was

o evidence of co-colonization found in this study. When analyz-

ng GBS from paired mothers and infants, we found that infants’

BS, except pair 5, were identical to their mothers’ GBS. In pair

, although GBS was also cultured from the mother’s vagina, the

erotype and genotype of the isolate were different from the in-

ant’s GBS. After comparing the DNA of mother’s GBS and vaginal

icrobiome, the possible existence of multiple GBS strains colo-

izing in the mother’s vagina was excluded. Therefore, the infant’s

BS in pair 5 was undoubtedly acquired through horizontal trans-

ission from the environment. 

This study identified limitation of current IAP policy. The lat-

st GBS prevention strategy by American College of Obstetricians

nd Gynecologists (ACOG) in 2019 suggested that pregnant women
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hould receive IAP more than 4 h before delivery for a positive GBS

ulture, and a negative GBS culture be valid only for 5 weeks. 9 In

ur study, the mother in pair 3 had negative GBS culture which

as obtained less than 5 weeks before delivery, but the infant still

eveloped EOD with vertical acquisition of GBS from mother, sug-

esting false negative result of maternal GBS screening. The mother

n pair 4 had GBS colonization in the vagina and received IAP

or more than 4 h before delivery. However, the newborn devel-

ped EOD with sepsis and meningitis. Moreover, the metagenome

nalysis revealed that the mother’s vaginal microbiome was com-

osed of mainly GBS, indicating an extremely high GBS burden col-

nizing in the vagina. Indeed, previous studies have demonstrated

hat vaginal colonization with a high burden ( > 10 5 colony-forming

nits/mL) of GBS during pregnancy increases the risk of vertical

ransmission. 10 Therefore, IAP no later than 4 h before delivery

ay not be enough for mothers with such extremely high GBS col-

nization. Another possibility for this case was that IAP might in-

ibit other bacterial growth in maternal vagina and LIM broth fur-

her selectively enriched GBS growth, thus causing 100% GBS iden-

ification in LIM broth in the study. 

Although only a small number of bacterial isolates were exam-

ned, the strength of this study lies in the use of different tech-

ologies, including PCR, MLST, WGS and metagenome sequencing

o determine the route of GBS transmission to the diseased infants.

ur study provides evidence at the bacterial strain level for both

odes, the vertical and horizontal acquisition of GBS in newborn

nfants, and direction for future prevention. 
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Dear Editor , 

As reported in this Journal recently, bacterial meningitis is a

life-threatening invasive infection that could progress to mortal-

ity within 24 h in the absence of an appropriate treatment, caus-

ing annually more than 50% deaths from all-cause meningitis and

leaving one in five people recovering with chronic neurological

disorders. 1 Current rapid point-of-care (POC) diagnosis of commu-

nity acquired bacterial meningitis is based on PCR-based multiplex

assays detecting pathogen-specific sequences in the cerebrospinal

fluid (CSF). 2 These assays however do not provide all the pieces of

information desirable for the optimal medical management of the

patient clinically diagnosed with community-acquired meningitis.

Antibiotic susceptibility to finely tune the antibiotic treatment and

genotyping to guide source tracing. Real-time whole genome se-

quencing is an alternative approach recently developed for detect-

ing and genotyping pathogens directly from clinical samples, and

to determine antibiotic susceptibility profile, in real time. 3 

Here, we reported a 69-year-old woman was admitted to the

emergency department with a 38.5 °C fever which had lasted a

day, repeated dizzy spells, and vomiting. Clinical examination dis-

closed neck stiffness, headache, and photophobia, without rash or

purpura. Biological testing found an inflammatory syndrome with
Accepted 5 October 2021

Available online 8 October 2021

https://doi.org/10.1016/j.jinf.2021.10.003 

© 2021 The British Infection Association. Published by Elsevier 

Ltd. All rights reserved. 

Real-time whole genome sequencing direct diagnosis of 

Streptococcus pneumoniae meningitis: A case report 
c  

Fig. 1. . Real-time whole genome sequencing of Streptococcus pneumoniae ( S. pneumoniae

fluid (CSF) processing and EZ1 DNA extraction, 60 min for the Oxford Nanopore library pr

was directly analyzed by EP2ME software, then the generated reads were mapped to th

detected after a 20 min sequencing run, and the full data analysis yielded 92.5% genome 
-reactive protein at 350 mg/L. CSF analyses yielded hyperpro-

einorrhachia at 1.16 g/L and hypoglycorrhachia at 0.11 mmol/L, a

eukocyte count of 4 cells/mm 

3 and erythrocytes at 50 cell/mm 

3 .

ram staining showed Gram-positive diplococci identified as S.

neumoniae using a real-time multiplex PCR assay (bioFire Fil-

Array® Meningitis/Encephalitis panel, bioMérieux, Marcy-l’Etoile,

rance) at the POC laboratory. 2 The cultured S. pneumoniae was

ategorized in vitro susceptible to penicillin G, ceftriaxone, ery-

hromycin, doxycycline, and chloramphenicol by Mueller-Hinton

ulture antibiogram after two days. The patient was treated with

eftriaxone, 6 g/day for 14 days and dexamethasone, 40 mg/day for

ve days. Further evaluations found hyperproteinemia at 110 g/L

nd a plasmatic monoclonal peak of IgG kappa quantified at 39 g/L

Capillarys, Sebia, Evry, France), which led to a subsequent diagno-

is of multiple myeloma. 

Alongside the bioFire FilmArray® investigation, total DNA was

xtracted from 200 μL of cerebrospinal fluid using the EZ1 DNA

it and an EZ1 automaton (Qiagen, Courtaboeuf, France) follow-

ng 20 min incubation with proteinase K at 56 °C and eluted in

 50 μL final volume. Next-generation sequencing was performed

sing a MinION device (Oxford Nanopore Technology, Oxford, UK),

s previously described, 3 using 47 μL of the extracted DNA for

he MinION library preparation (Appendix 1). The final library was

ecovered in 15 μL volume and was further diluted in 75 μL of

ow cell loading mix and sequenced for 20 min on a MinION in-

trument. Sequencing data were analyzed in real-time using the

PI2ME online software (version 2019.11.11-2920621). In a second

nalysis, we assembled and mapped the generated reads using CLC

enomics Workbench software version 7.5.0 (Qiagen). Furthermore,

 ng of DNA was used for NGS sequencing using the Illumina Nex-

era XT library preparation and the paired-end protocol (Illumina,

an Diego, USA), as previously described, 4 on an iSeq 100 instru-

ent (Illumina) and sequences were analyzed using the CLC Ge-

omics Workbench software (Qiagen). 5 

A twenty-minute MinION sequencing run generated 61,150

eads, including 11,659 S. pneumoniae reads ( Fig. 1 ). Assembly pro-

ess generated 92.5% genome coverage and further blast analy-
 ). Total handling time was less than two hours, including 35 min for cerebrospinal 

eparation and 20 min for MinION library sequencing. The MinION sequencing result 

e reference genome by CLC software. In this case, the S. pneumoniae genome was 

coverage directly recovered from CSF sample. 

https://doi.org/10.1016/j.jinf.2021.10.003
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2021.10.002&domain=pdf
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L

is yielded S. pneumoniae with 98.97% sequence identity with the

eference S. pneumoniae strain A6-10, a serotype 10-A (GenBank

ccession no. CP053210.1). The clinical strain was in silico sus-

eptible to all routinely used antibiotics as determined using the

esFinder bio-tool ( http://cge.cbs.dtu.dk/services/ResFinder/ ) (Ap-

endix 2) ( Fig. 1 ). MinION sequencing data were confirmed by Il-

umina iSeq sequencing, generating 503,192 reads. Blast compari-

on of the 73,597-bp longest contig identified a best match with

. pneumoniae strain A6-10 with 98.97% sequence similarity. A to-

al of 338,879/503,192 (67.35%) reads mapped to the reference se-

uence, identifying 90% of the S. pneumoniae genome. Further on-

ine analysis using Multilocus Sequence Typing (MLST), revealed

 perfect match with the S. pneumoniae reference genome, shar-

ng common characteristics with the 128 isolates disponible in the

enBank database, including 104 isolates from European countries

f which 58 were serotype 10A, all of them being susceptible to all

ntibiotics as confirmed by routine bacterial culture (Appendix 2). 

S. pneumoniae meningitis is a life-threatening invasive infec-

ion warranting its rapid complete diagnosis. 6 , 7 Diagnosis methods

urrently available at the POC laboratory, do not provide pieces

f information regarding typing and antibiotic susceptibility of

he detected S. pneumoniae. 2 Here, we successfully applied direct

ear whole genome real-time sequencing diagnosis of community-

cquired Streptococcus pneumoniae meningitis using MinION tech-

ology, providing in less than two-hour workflow including only

0 min sequencing time, the detection, identification, typing and

n-silico antibiogram; after we developed a specific sequencing pro-

edure as here reported ( Fig. 1 ). The fact that this procedure is

ime-competitive with that of the real-time PCR multiplex assay,

roviding valuable additional pieces of information, makes real-

ime whole genome sequencing a suitable approach for the diag-

osis of community-acquired meningitis at the POC laboratory. 
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Dear Editor , 

In 2021, reliable knowledge of the COVID status of individuals

became a global public health issue, from an epidemiological point

of view - to contain the pandemic - but also from an economical

one, as repeated testings represent a significant financial burden.

COVID-19 diagnosis replies on RT-qPCR from nasopharyngeal swab

(NPS) sample, which is considered as the gold standard for testing

both asymptomatic and symptomatic persons, especially as recent

studies described up to 46% of false positivity of antigen tests. 1–3 

If NPS were performed by medical staff at the beginning of the

pandemic, they were rapidly passed on to other providers, some-

time without any specific training or past experience. This enabled

widescale upscaling with the retrieval of larger number of sam-

ples, but the absence of specific training for samplers raised the is-

sue of sample quality and patients’ acceptance and comfort during

swabbing. Incorrectly performed, NPS can result in false negatives,

therefore missing positive patients and detrimentally impacting

on the pandemic, 4 Furthermore, several oto-rhino-laryngological

injuries have been reported, including osteo-meningeal breaches

with cerebrospinal fluid leaks. 5 Thus, poorly implemented swab-

bing and insufficient anatomical knowledge could have prejudicial

consequences for patients and public health. 6 Therefore, all studies

and initiatives aimed at improving the efficiency of tests, making

them more fluid and limiting the number of false negative/positive

cases are more than welcome. For instance, Li et al. described a

very interesting Integrated Mobile Container PCR Laboratory (IM-

CPL), aimed at reducing unnecessary rapid antigen testing. 7 Their

IMPCL is a "standard PCR laboratory established inside a walk-in

container and can be quickly set up at any convenient locations to

carry out the large-scale diagnostic testing". Similarly, our own ini-

tiative in this field is a nasopharyngeal sample collection simulator

(NP-SC), which we designed using a 3D printer, to optimize sample

quality and decrease procedure-related discomfort. It was created

to train professional samplers to safely perform NPS with the least

discomfort for patients, aiming at an optimal swabbing of the area
Multicentric evaluation of a 3D-printed simulator for 

COVID- 19 nasopharyngeal swab collection in testing 

centers 
i  

Fig. 1. Assessment of simulator realism and util
ith the highest viral concentration. The aim of this study was to

olicit opinions on our simulator from professional samplers from

ifferent in testing centers, regarding the realism and utility of this

imulator for learning and perfecting NPS. 

This nasopharyngeal swab collection (NP-SC) simulator was de-

igned by BONE 3D (Paris, France). A presentation video is freely

vailable online: https://landing.bone3d.com/np-swab-simulator ,

s well as comprehensive 3D files and full instructions for man-

facturing models. 8 A swabbing target on the posterior wall of the

asopharynx colors the swab tip if correctly inserted. The simula-

ors were distributed to different laboratories (one per center). Ex-

erts professionals samplers from each laboratory, who had carried

ut > 50 NPS, tested the device and provided a written evaluation

hrough a questionnaire, divided into three parts: 

• Their swabbing experience and their opinion regarding the util-

ity of the simulator. 
• The simulator modeling, relevance and use. 
• Experience acquired with the use of such simulator. 

All data collected were processed anonymously. The question-

aire included a form in which participants confirmed that they

ad no objection to data collection. The study was registered with

he French National Commission for Information Technology and

ivil Liberties (CNIL No. 2221408). 

This multicentric study was performed from October to De-

ember 2020 in 40 certified COVID-19-sampling laboratories. The

P-SC simulator was widely appreciated by its users, with a good

verall rating of 7.9/10: 95% of users (38/40) found it easy to use

nd 85% ( n = 34/40) thought it was realistic. Testers considered

hat this simulator had genuine utility for educational purposes

87.5%, 35/40) and 73.7% (28/38) thought that use of this simulator

ould improve their sampling technique. Additionally, 95% (38/40)

eported that the device made the nasopharyngeal ducts anatomy

asier to understand and 82% (32/39) estimated that the simula-

or, providing an in-real time visualization of the swab progression

hrough the nasal cavity fossa, enabled a better understanding of

ow it was possible to go “off track”, therefore improving patients’

afety during sampling. The coloring of the swab tip upon correct

nsertion provided users with in-real-time visual feedback regard-

ng their sampling quality. Therefore, 52.5% (21/40) thought the
ity in the total study population ( n = 40) 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2021.09.015&domain=pdf
https://landing.bone3d.com/np-swab-simulator
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imulator improved their sampling technique and that their sam-

les would now be more reliable ( Fig. 1 ). Despite having previous

wabbing experience ( > 50 NPS), nearly half of the testers (18/40)

elt more confident after training with the simulator. 

With increasing numbers of COVID-19 cases worldwide, NPS

ampling has now become a routine procedure, with more than

 million RT-qPCR tests carried out monthly in the US. Correct

ampling is essential to limit false-negative cases, mostly related

o poorly-performed NPS. In addition to being a financial burden,

PS are also not risk-free, especially for unexperienced samplers.

rancesca et al., 9 highlighted the need for NPS-training on man-

equins, resulting in improved swabbing technique and increased

omfort for patients. Therefore, we developed a 3D-printed na-

opharyngeal sample simulator, to train professional samplers per-

orm NPS under the safest possible conditions, with the least dis-

omfort for patients aiming at an optimal swabbing of the area

ith the highest viral concentration. The simulator, available free-

f-charge online, is made of a single rigid material, which enables

ighly-realistic and easy printing at low costs by NPS-performers

ll around the world. Experts professional samplers, performing

ozens of tests day, widely acclaimed the device, judging it easy-

o use (95%), realistic (85%) and anatomically-accurate (95%). It also

ad genuine utility for educational purposes, making the anatomy

f the nasopharyngeal ducts easier to understand for novice sam-

lers and illustrates the possibilities of going “off track”, which is

nown to be at risk of causing pain/discomfort and may cause var-

ous injuries. 4 

In a similar way as several others initiatives (e.g., the IMCPL)

ur simulator aims at improving the cost-effectiveness ratio of

ests, by reducing NPS-related morbidity as well as the number of

alse positives/negatives cases through improved practice. Judged

ealistic and easy-to-use by testers, this simulator, available online

or free, can be manufactured on a non-professional 3D printer and

ppears as a very promising educational tool, especially for novice

amplers. 
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ear Editor, 

The use of self-collected specimens for the screening of the se-

ere acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has

ained interest as they may facilitate massive screening cam-

aigns. Various authors have reported that mid-nasal swabs 1 , 2 

nd saliva 3–6 are reliable specimens, alternative to nasopharyngeal
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Fig. 1. Distribution of RT-qPCR cycle threshold (Ct) of nasopharyngeal swabs, nasal swabs, and saliva specimens collected at baseline (A) and day 7 (B). Cts correspond to 

the viral RNA-dependent RNA polymerase (RdRP) gene. 
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swabs, to detect SARS-CoV-2 infections by RT-qPCR, irrespective

of the age group tested. 7 Despite drawing consistent conclusions,

studies reported heterogeneous results regarding the performance

of each type of sample, particularly sensitivity, which strongly de-

pends on the viral load distribution of the investigated population

and sample collection protocols. In the case of saliva, discrepancies

regarding sensitivity might be even higher due to optimized pro-

tocols for RNA extraction adapted to the rheological properties of

saliva. 6 , 8 Therefore, there is a need for better characterizing-also

from a quantitative perspective-the performance of self-collected

specimens before using them as an alternative to nasopharyngeal

swabs for SARS-CoV-2 screening. 
In the context of a randomized clinical trial targeting mild

OVID-19 patients (NCT04621123), we enrolled 130 adults in a sub-

tudy to directly compare self-collected mid-nasal swabs and saliva

pecimens for SARS-CoV-2 detection by RT-qPCR, using nasopha-

yngeal swabs collected by the study nurses as a reference. In-

luded patients had a mean age of 59 (SD 8.5) and a median of

 days (95% IC 3–5) from symptoms onset; 43.2% were females.

atients received written instructions to self-collect a mid-nasal

wab from both nostrils by introducing the swab 2,3 cm and ro-

ating during 5 s, and 1 mL of saliva by spitting inside the fun-

el of a collection device (DANASALIVA 

TM sample collection kit).

articipants were advised to avoid eating, drinking, smoking, and
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Fig. 2. Correlation of the viral load (VL) of nasopharyngeal swabs with that of nasal swabs and saliva specimens at baseline (A) and day 7 (B). Viral loads were estimated 

using a calibration line obtained with serial dilutions of SARS-CoV-2 control RNA, run in parallel to a set of samples covering all thermal cycles used in the analysis. Negative 

samples (in red) were assigned to a Ct of 40 (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.). 
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rushing their teeth within 30 min prior to sample collection. Self-

ollection was done in the presence of a study nurse, although

hey did not intervene during the collection process. Next, the

tudy nurse collected a nasopharyngeal swab from both nostrils.

wab specimens were placed into sterile tubes containing viral

ransport media (DeltaSwab Virus). Saliva was mixed with 1 mL

f saliva preservation solution in the collection device, following

anufacturer’s instructions. No additional pre-treatment step po-

entially increasing saliva sensitivity 6 , 8 was used before RNA ex-

raction. All three specimens were transported to the Microbiology

aboratory of Hospital Germans Trias i Pujol and stored at 2–8 °C
or up to 24 h before RT-qPCR. Paired samples were collected at

aseline and 7 days after enrollment. 

RNA was extracted using the STAR Mag reagent (Seegen) for

he Microlab Starlet IV or Nimbus platforms (Hamilton life Science

obotics, USA), according to the manufacturer’s instructions. PCR

mplification was conducted according to the recommendations of

he 2019-nCoV RT-qPCR Diagnostic Panel of the Centers for Disease

ontrol and Prevention (CDC) using the Allplex TM 2019-nCoV assay

Seegene, South Korea) on the CFX96 (Bio-Rad, USA) according to

anufacturer’s instruction. 

The three paired samples were successfully obtained in 129

f 130 patients, with 120 (92.3%) showing a positive nasopharyn-

eal swab at baseline. Compared to nasopharyngeal swabs, self-

ollected mid-nasal swabs and saliva samples showed a sensitivity

f 99.2% (119/120) and 90.0% (108/120), respectively. This result is

n line with a recently published head-to-head comparison, which

ncluded 38 positive COVID-19 cases. 8 Of the nine participants with

asopharyngeal swabs testing negative, two had a positive saliva

pecimen and one a positive nasal swab. Given the successful in-

ernal PCR controls and the high cycle threshold (Ct) values (all

bove 30; days from symptom onset ranging from 4 to 6), we pre-

ume these patients were approaching the recovered state, with

iral loads close to negativity. 
In addition to the qualitative and semi-quantitative analyses

onducted in previous works, we estimated the viral load of each

pecimen and correlated the values observed in self-collected sam-

les with those of nasopharyngeal swabs. The RT-qPCR Ct of posi-

ive specimens was, in mean (SD), 20.64 (3.43) for nasopharyngeal

wabs, 22.90 (4.60) for mid-nasal swabs, and 29.56 (4.50) for saliva

pecimens ( Fig. 1 A). The Pearson lineal correlation between viral

oads obtained from nasopharyngeal swabs and self-collected spec-

mens revealed a strong correlation for mid-nasal swabs ( R = 0.88;

 < 0.001) and a fair correlation for saliva specimens ( R = 0.50;

 < 0.001) ( Fig. 2 A). 

Of the 120 nasopharyngeal swabs obtained on day 7 (i.e., a

ean of 11 days [range 10–12] from symptom onset), 28 tested

egative and 92 positive. Mean Ct values were 31.85 (4.63), 33.95

4.75), and 36.69 (4.42) for positive nasopharyngeal, mid-nasal and

aliva specimens, respectively ( Fig. 1 B). As expected, the mean vi-

al load was lower at day 7 than at baseline ( p < 0.001). Compared

o nasopharyngeal swabs, self-collected mid-nasal swabs and saliva

pecimens showed a sensitivity of 72.8% (67/92) and 42.4% (39/92),

espectively, suggesting poorer performance at low viral loads. Of

ote, most negative self-collected samples with a positive paired

asopharyngeal swab yielded Ct values above 30 (92% and 52% of

he nasal and saliva specimens, respectively). The viral load cor-

elation with nasopharyngeal swab was poor for saliva specimens

 R = 0.3; p = 0.003) and moderate for mid-nasal swabs ( R = 0.67;

 < 0.001) ( Fig. 2 B). 

In summary, our findings show that self-collected mid-nasal

wabs have better performance than saliva for detecting SARS-CoV-

 when compared with the gold-standard nasopharyngeal swabs.

f note, the sensitivity of saliva was remarkably high in samples

ith higher viral load, despite not using any of the RNA extraction

rotocols adapted to the rheological properties of this sample. Con-

idering that respiratory specimens with Ct above 33,34 are un-

ikely to be contagious, 9 our finding indicates that saliva would be
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sensitive enough to identify individuals at risk of transmission. Fur-

thermore, the enhanced sensitivity achieved with adapted proto-

cols for RNA extraction from saliva suggests that this might be the

sample of choice for systematic screenings in settings in which a

specific laboratory pathway can be implemented (e.g., school chil-

dren). 

Taken together, the existing literature and the results provided

in our analysis encourage the use of self-collected specimens (mid-

nasal when possible and saliva in vulnerable populations such as

children) for massive screenings of SARS-CoV-2. 
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ear Editor, 

We have read with interest the paper of Dudareva et al. about

he microbiological etiology of chronic osteomyelitis [1] . They re-

ort a lowered rate of methicillin-resistant Staphylococcus aureus

MRSA) infections in a cohort between 2013 and 2017 compared

o 20 01–20 04 with a proportion of infections caused by multi-drug

esistant bacteria of 15.2% and 17.2%. 

Fracture-related infection (FRI) has been defined as a distinct

ategory of osteomyelitis a few years ago. Hereby, FRIs can be dif-

erentiated as early ( < 2 weeks), delayed (3–10 weeks) and late

 > 10 weeks) depending on the biofilm maturation [2] . Treatment

trategies are often extrapolated from periprosthetic joint infection

PJI) [3] although, in contrast to PJI, detailed analysis of pathogens

s missing for FRI. 

Therefore, we have performed a retrospective study to iden-

ify the microbial epidemiology of fracture-related infections and

o determine whether isolated pathogens in FRI patients differ be-

ween early, delayed and late onset of infection. 

The study was approved by the institutional ethics commit-

ee of the University Medical Center Regensburg and included FRI

atients treated in a level 1 trauma center in Germany between

anuary 1, 2013 to December 31, 2020. FRI was confirmed by the

onsensus diagnostic criteria [4] . Patients were classified regard-

ng the onset of infection and grouped as early (0–2 weeks), de-

ayed (3–10 weeks) and late ( > 10 weeks) [2] . Bacteria were identi-

ed from deep tissue samples obtained intraoperatively by matrix-

ssisted laser desorption ionization time of flight mass spectrom-

try (MALDI TOF MS) using a Microflex LT mass spectrometer and
Montserrat Gimenez 

Hospital Universitari Germans Trias i Pujol, Barcelona Institute for

Global Health, Rosselló, 132, Badalona 08036, Spain

Ignacio Blanco 

Hospital Universitari Germans Trias i Pujol, Barcelona Institute for

Global Health, Rosselló, 132, Badalona 08036, Spain

Gerència Territorial Metropolitana Nord, Institut Català de la Salut,

Barcelona, Spain 

Bàrbara Baro ∗

ISGlobal, Hospital Clínic, Universitat de Barcelona, Barcelona, Spain

Oriol Mitjà

Fight AIDS and Infectious Diseases Foundation, Badalona, Spain

Hospital Universitari Germans Trias i Pujol, Barcelona Institute for

Global Health, Rosselló, 132, Badalona 08036, Spain

Lihir Medical Centre, International SOS Clinic, Lihir Island, Papua

New Guinea 

∗Corresponding author. 

E-mail address: barbara.baro@isglobal.org (B. Baro) 

1 These authors contributed equally to this work.

Accepted 13 September 2021 

Available online 16 September 2021 

ttps://doi.org/10.1016/j.jinf.2021.09.012 

2021 The British Infection Association. Published by Elsevier 

td. All rights reserved. 

etter in response to article in journal of infection: “The 

icrobiology of chronic osteomyelitis: Changes over ten 

ears”
ioTyper software (Bruker Daltonik, Bremen, Germany) after 14

ays of incubation. FRI were classified as difficult-to-treat (DTT)

hen at least one of the causing microorganisms was resistant

o biofilm-active antibiotics including rifampicin-resistant staphy-

ococci, enterococci, fluoroquinolone-resistant gram-negative bac- 

eria and fungi. 

Descriptive and statistical data analysis was performed using

he IBM SPSS Statistics software (version 24.0, IBM Corp, Armonk,

SA). Chi-square test was used for comparison of categorical vari-

bles. Significance was set at p < 0.05. 

The final cohort comprised 117 patients (73% male, 27% fe-

ale, mean age 55.5 ± 16.8 years). Patients had comorbidities with

 mean Charlson Comorbidity Index (CCI) of 1 (range 0–6) and

 mean ASA score of 2 (range 1–4). FRI mainly occurred at the

ibia (39.3%) followed by infections of the ankle (18.8%) and fe-

ur (14.5%). The cohort was grouped into 19 patients (16.2%) with

arly onset of infection, 60 patients (51.3%) with delayed onset

f infection and 38 patients (32.5%) with late onset of infection.

he subgroups did not differ significant in gender ( p = 0.8), age

 p = 0.738), ASA score ( p = 0.929), CCI ( p = 0.590), BMI ( p = 0.885)

r fracture site ( p = 0.301). 

Overall, in 11 cases (9.4%) the infection was culture-negative,

hereby nine cases occurred in the delayed onset group and

wo in the late onset group. Infection was polymicrobial in ten

ases (8.6%). In 12 cases (10.3%) at least one of the causing mi-

roorganisms was classified as difficult-to-treat, defined as resis-

ant to biofilm-active antibiotics. A resistance to a vancomycin /

eropenem combination treatment was present in 2 cases (1.7%). 

Methicillin-sensitive Staphylococcus aureus was the most fre-

uently detected pathogen (39.7%), followed by Staphylococcus epi-

ermidis (17.2%) and gram-negative bacteria (16.4%) ( Table 1 ). In

ne case Staphylococcus aureus was methicillin-resistant (0.9%). In

atients with delayed onset of infection, more gram-negative bac-

eria than Staphylococcus epidermidis were prevalent (23.2% vs.

6.1%). A chi-square test was used to compare pathogen distribu-

ion between the subgroups, resulting in no statistically significant

ifference ( χ ²= 7.022, p = 0.99, ϕ = 0.174). 

The reported number of culture negative infections is compa-

able with other previously published rates of 9–10% [5] [6] . In our

ohort, the amount of polymicrobial infections was relatively low.

n the literature, the rate of polymicrobial infection has been re-

orted as 14.3% in infected nonunion [7] . Meanwhile, higher rates

f polymicrobial infections in FRI have been described comparing

ifferent sam pling protocols (25% and 36%, respectively) [8] . This

mphasizes the importance that laboratory protocols and diagnos-

ic criteria become standardized to ensure comparability between

tudies. 

Staphylococcus aureus was the most frequently detected

athogen in total, as well as in each subgroup, which is in line with

ther findings [7] [9] . The onset of infection symptoms has been as-

ociated with specific pathogens, however strong evidence is lack-

ng [9] [10] . Here, no statistically significant difference in pathogen

istribution between the subgroups could be found. 

Percentage of FRIs caused by S.aureus were higher compared

o the study by Dudareva and colleagues, whereby the rate of

ethicillin-resistant S.aureus was lower (0.9% vs. 4.3% in the cohort

013–2017). In addition, resistance to a vancomycin / meropenem

ombination treatment was less (1.7% vs. 2.2% in the cohort 2013–

017). Finally, Dudareva et al. reported a proportion of multi-drug

esistant pathogens of 15.2% and 17.2% [1] . Here, 10.3% of the infec-

ions were classified as difficult-to-treat. 

This study has some limitations. First, data analysis of only one

rthopedic center may lead to a local epidemiological bias. Further,

he retrospective file analysis did not consistently allow identifica-

ion of antibiotic pretreatment and its effect on the detection of

nfection-causing pathogens. Also, subgroup analysis regarding the

mailto:barbara.baro@isglobal.org
https://doi.org/10.1016/j.jinf.2021.09.012
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2021.09.006&domain=pdf


728 Letters to the Editor / Journal of Infection 83 (2021) 709–737 

Table 1 

Isolated microorganisms. 

Pathogen All ( n = 116) Early ( n = 22) Delayed ( n = 56) Late ( n = 38) 

Staphylococcus aureus (MSSA) 

Staphylococcus aureus (MRSA) 

46 (39.7%) 

1 (0.9%) 

9 (40.9%) 22 (39.3%) 15 (39.51%) 

1 (2.6%) 

Staphylococcus epidermidis 20 (17.2%) 4 (18.2%) 9 (16.1%) 7 (18.4%) 

Other Staphylococcus species 11 (9.5%) 3 (13.6%) 4 (7.1%) 4 (10.5%) 

Streptococcus species 7 (6.0%) 1 (4.6%) 3 (5.4%) 3 (7.9%) 

Enterococcus species 6 (5.2%) 2 (9.0%) 3 (5.4%) 1 (2.6%) 

Gram-negative bacteria 19 (16.4%) 1 (4.6%) 13 (23.2%) 5 (13.2%) 

Other 6 (5.2%) 2 (9.0%) 2 (3.6%) 2 (5.3%) 
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1 These authors contributed equally to this work. 
relevance of distinct anatomical localization would have been un-

derpowered due to the low numbers of participants. 

In conclusion, microbiological pattern for the causative microor-

ganism between early, delayed, and late FRI are comparable. Fur-

ther, methicillin-resistant S. aureus seems not to play a crucial role

in FRI while difficult to treat pathogens should be considered a rel-

evant clinical problem in the treatment of FRI. Therefore, establish-

ment of alternative treatment strategies is warranted. 
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ear Editor, 

We read with interest the recently published research in Jour-

al of Infection by Dr. Cai et al., who observed the expression lev-

ls of SARS-CoV-2 receptor ACE2 and host cell protease TMPRSS2

n pan-cancer. Dr. Cai et al. suggested that the high expression of

CE2 and TMPRSS2 in cancer patients would increase the risk of

he receptor binding to SARS-CoV-2, and Uterine corpus endome-

rial carcinoma (UCEC) patients might be the most susceptible to

OVID-19 1 . However, the distribution of ACE2 expression in human

rgans and tissues is not completely related to the organ tropism

f SARS-COV-2, especially in the whole respiratory tract and a vari-

ty of immune cells, the expression of ACE2 is negative. 2–4 Recent

vidence highlights the possible presence of receptors other than

CE2 that mediates virus entry into host cells in different tissues,

ncluding membrane proteins LDLRAD3, TMEM30A, CLEC4G and AXL ,

nd lysosomal protein TMEM106B 4 , 5 . In addition, ACE2 -dependent

o-receptor NRP1 was also ignored by Dr. Cai et al. 1 , 4 These might

e potential reasons why Dr. Cai et al. ’s results were inconsistent

ith previous observational studies. 6 

In this study, we investigated the impact of all known po-

ential SARS-COV-2 receptors in the four clinically observed tu-

or types most susceptible to COVID-19, including lung cancer,

sophageal carcinoma, B-cell lymphoma and leukemia. 6 NRP1 , the

CE2 -dependent co-receptor, and TMEM106B , a proviral host fac-

or for SARS-CoV-2 were differentially expressed in all the four tu-
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he high expression of SARS-CoV-2 cell receptors might 
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Fig. 1. The expression levels of all known SARS-COV-2 receptors in four types of tumor patients that might more likely be infected by COVID-19. ∗ P < 0.05; ∗∗

P < 0.01; ∗∗∗ P < 0.001. (A) Lung cancer; (B) B-cell lymphoma; (C) Leukemia; (D) Esophageal carcinoma. 
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ors. 4 , 5 Among the three potential SARS-COV-2 receptors identi-

ed by Zhu et al, LDLRAD3 was significantly up-regulated in lung

ancer, esophageal carcinoma and B-cell lymphoma, CLEC4G was

ignificantly up-regulated in leukemia, and TMEM30A was signifi-

antly up-regulated in esophageal carcinoma, B-cell lymphoma and

eukemia. 4 Interestingly, whether in normal tissues or tumor tis-

ues, the level of ACE2 expression was quite low. We believed that

he SARS-COV-2 receptor that made cancer patients more suscep-

ible to infection was unlikely to be ACE2 . 

In summary, we explained the potential reasons why patients

ith four malignant tumors were more susceptible to COVID-19,

amely the upregulation of SARS-COV-2 receptors in tumor tissues

ade individuals more likely to be infected by SARS-COV-2. We

uggested NRP1, TMEM106B, LDLRAD3, TMEM30A and CLEC4G as a

otential genetic shared genes for tumors and COVID-19, but ACE2

ight not be included ( Fig. 1 ). 
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Dear Editor, 

We read with great interest the manuscript entitled “Emergence

of co-infection of COVID-19 and dengue: A serious public health

threat” by Saddique et al. 1 The authors examine a group of Paquis-

tani patients, who showed a confirmed SARS-CoV-2 and Dengue

virus (DENV) coinfection, related to high mortality. In endemic for

DENV countries (including Brazil) the co-circulation of both viral

agents, especially during the rainy period, may trigger additional

overloading of the healthcare system. It may require specific treat-

ment protocols due to the differential nature of both infections and

the possiblity of rapid evolution of the co-infection to DENV shock.

Some marginalized populations like waste pickers populations may

be more severely impacted by such a co-infection. No study which

examines the seroprevalence to arboviral diseases in this popula-

tion exists and this may be of significant importance, especially

when evaluation the risk of severe DENV infection. Our objective,

therefore, was to estimate the seroprevalence of DENV and CHIKV

among waste pickers in the largest open dump in the world lo-
Dengue and Chikungunya seroprevalence in waste pickers 

from the largest Latin American open-air dump 
Fig. 1. Map of Brasilia, the Structural City, and the Open-air dump ; The Open-air dump b

river (Google Earth, 2021). 
ated in the Federal District of Brazil (the Structural City Open

ump). In this place more than 20 0 0 individuals work scavenging

aste. The open-air dump borders the Brasília National Park, en-

ompassing 423.6 km 

2 conservation area including the Structural

ity, and Cabeceira do Valo river, where smallholder vegetable pro-

uction exists ( Fig. 1 ). Additionally, a large environmentally de-

raded area surrounds the dump as a consequence of the precar-

ous housing construction without sanitation. 2 Based on the envi-

onmental risks, the individuals inhabiting the area are highly sus-

eptible to vector-borne diseases due to the favorable conditions

or proliferation of synanthropic mosquitos. 3 

In this study, 1200 waste pickers were eligible for sample col-

ection between June -October 2017. An epidemiology calculator

 https://www.openepi.com/ ) was used to determine the sample

ize which was based on assumed seroprevalence of 50%. A mini-

um sample size of 292 samples needed to be tested to achieve a

onfidence interval (CI) of 95% and a desired precision of ± 5%.

e enrolled a sample size of 404 participants. Ethics approval

as obtained from the Foundation for Teaching and Research

n Health Sciences (FEPECS, protocol N ° 55,754,216.5.0 0 0 0.5553).

amples that were positive for anti-DENV IgM and Anti-CHIKV

gM (recent infection) were also tested by specific RT-PCR. The
orders to the Brasilia National Park, the Structural City and the Cabeceira do Valo 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2021.08.042&domain=pdf
https://www.openepi.com/
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Table 1 

Studied population and arboviruses markers prevalence. 

Gender Male Female Total Estimated true prevalence (CI: 95%) ∗∗

n 129 (31.9%) 275 (68.1%) 404 (100%) ———- 

Age mean ( ±SD) 40.6 ( ±11.8) 40.6 ( ±10.8) 40.6 ( ±11.1) ———- 

DENV IgM + 28 (21.7%) 48 (17.5%) 76 (18.8%; 15.7 to 21.9%) ∗ 17.2% (14.2 to 20.2%) 

DENV IgG + 101 (78.3%) 193 (70.2%) 294 (72.8%; 69.2 to 76.3%) ∗ 72.8% (69.2 to 76.3%) 

DENV IgM + and IgG + 14 (10.9%) 18 (6.5%) 32 (7.92%; 5.8 to 10.1%) ∗ ———- 

Overall DENV Seroprevalence 129 (100%) a 241 (87.6%) a 370 (91.6%; 89.4 to 93.8%) ∗ ———- 

DENV RNA and IgM + 0 (0.0%) 0 (0.0%) 0 (0.0%) ∗ 0 (0.0 to 0.7%) 

CHIKV IgM + 5 (3.9%%) 9 (3.3%) 14 (3.5%; 2.0 to 4.9%) ∗ 3.3% (1.9 to 4.7%) 

CHIKV IgG + 10 (7,8%) 14 (5.1%) 24 (5.9%; 4.1 to 7.8%) ∗ 5.9% (4.1 to 7.8%) 

CHIKV IgM + and IgG + 1 (0.8%) 1 (0.4%) 02 (0.5%; 0.0 to 1.1%) ∗ ———- 

Overall CHIKV Seroprevalence 15 (11.6%) 23 (8.4%) 38 (9.4%; 7.1 to 11.7%) ∗ ———- 

CHIKV RNA and IgM + 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0 to 0.7%) 

SD: Standard deviation; CI: confidence interval. 
∗ Apparent prevalence observed in this study (CI:95%). 
∗∗ estimated true prevalence considering 1200 waste pickers. 
a p -value < 0.0 0 01. 
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ool http://www.winepi.net was used to estimate the true serolog-

cal markers prevalence in the waste picker population (consider-

ng the specificity and a sensitivity of each serological kit and 95%

I). We used the Chi-square test with level of significance of p <

.05 for evaluation of the difference of the overall DENV and CHIKV

eroprevalence. 

Serological and molecular results are shown in Table 1 . Of the

amples tested, 18.8% ( n = 76/404) were positive anti-DENV IgM.

ifty-four samples ( n = 54/404; 13.4%) showed undetermined re-

ult for anti-DENV IgM (CI: 95%; 10.7 to 16.1%) (data not shown).

he anti-DENV IgG testing showed a seroprevalence of 72.8%

 n = 294/404). Undetermined anti-DENV IgG results were obtained

n 1.2% (5/404) of the cases (CI: 95%; 0.36–2.12%) (data not shown).

oncomitant presence of anti-DENV IgM/IgG was observed in 7.92%

 n = 32/404) of the samples. The overall DENV seroprevalence

as 91.6%. Anti-CHIKV IgM was found in 3.5% ( n = 14/404) of the

ested waste pickers. One sample ( n = 1/404; 0.2%) was undeter-

ined (CI: 95%; 0.0–0.6%) (data not shown). Anti-CHIKV IgG was

ositive in 5.9% ( n = 24/404) of the cases. Two samples showed

 concomitant presence of anti-CHIKV IgM/IgG ( n = 2/404; 0.5%).

he overall CHIKV seroprevalence was 9.4%. All of the positive for

nti-DENV IgM or anti-CHIKV IgM samples showed a negative re-

ult for viral RNA. Comparing the demographic data and the ob-

ained results showed that DENV and CHIKV seroprevalence was

igher in males than females, but only the overall DENV seropreva-

ence showed significant difference. 

The results on the anti-DENV seroprevalence in our study are

omparable with findings observed in hyperendemic for DENV ar-

as in Brazil. For instance, a study performed in the city of Salvador

howed anti-DENV IgG seroprevalence of 75.7%. 4 The same DENV

eroprevalence (74.6%) was obtained in an impoverished neigh-

ourhood in the city of São José do Rio Preto located in Southeast

razil and in a region with high DENV endemicity. 5 A seropreva-

ence between 74.3 and 91.1% was observed in low socioeconomic

tatues areas of the Brazilian cities of Recife and Rio de Janeiro

hich are also highly endemic for DENV. 6 , 7 We therefore believe

hat similar to our study, in addition to endemicity, the socioeco-

omic factors play a pivotal role for DENV acquirement and in con-

equence to higher seroprevalence rates in specific urban popula-

ions, including waste-pickers. This high DENV seroprevalence may

ontribute to unfavorable clinical outcome especially during DENV

einfections which could be further aggravated by the theoretic

ase of SARS-CoV-2 acquirement among this population. 8 World-

ide seroprevalence to CHIKV can vary between 10 and 75%. 9 , 10 

he difference obtained in our study might be due to specifica-

ions of the studied populations and sample timing which coin-

ides with increased viral circulation. In this respect, the CHIKV

issemination in the Federal District might have been lower thus
eading to lower seroprevalence in the studied population (overall

eroprevalence of 9.4%). As this is the first study which evaluates

he anti-CHIKV IgG prevalence in the Federal District of Brazil, we

re unaware of its distribution in other population settings. Any-

ay, due to the unsanitary conditions to which waste pickers are

ubject, anti-CHIKV seroprevalence in this population is expected

o be higher than in the nearby general population. Indeed, data

rom healthy blood donors have shown a seroprevalence around 5

imes lower (unpublished). 

This study, which is unique in its sample types shows high

ENV seroprevalence and to a lesser extent to CHIKV, in a pop-

lation of waste pickers. We can relate the observed findings to

he low socioeconomic conditions in which these individuals live,

he geographic location (close to national parks), and the environ-

ental characteristics originating from the dumpsite. This study,

ims also to attract the attention of the authorities for the urgent

eed for public health measures aiming to improve the life quality

f vulnerable populations, such as waste pickers, not only in re-

ards of arboviral diseases but also due to the ongoing SARS-CoV-2

andemic which can further impact in the most vulnerable popu-

ations. 
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ear Editor, 

We read with interest recent correspondence from Tidswell

t al. in response to earlier papers in the Journal of Infection. 1 

Inaccurate diagnosis and coding against the Sepsis-3 definition

s a key challenge facing multiple aspects of sepsis policy, from cor-

ect treatment of patients to managing public health campaigns. 1 

he impact of this on the increasingly polarised ‘sepsis hysteria’

ebate is well documented. 2 , 3 The crux of this debate is the im-

act on under or overtreatment of patients diagnosed as septic. In

rder to understand this it is necessary to understand the factors

ffecting why patients do – or do not – receive treatment for sep-

is. 

The simple care bundle ‘Sepsis Six’ is a cornerstone of UK na-

ional sepsis guidelines and targets, but implementation of this

as been shown to be highly variable. 4 , 5 The barriers and enablers

hich affect performance of this bundle have been studied previ-

usly on a small scale using behavioral science frameworks (the

heoretical Domains Framework (TDF)) ( Table 1 ). 6 , 7 We applied

he TDF to explore barriers and enablers to performing the Sep-

is Six in septic patients across a multi-centre sample of UK hos-

itals, with the aim of identifying targets for efficient and effective

ehavior change intervention. 

Questionnaires containing 54 belief statements (for example ‘I

ave a time-based goal for Sepsis Six completion’) covering all TDF

omains (e.g. Knowledge, Skills) were circulated to nurses, con-

ultants, and doctors-in-training in medical/surgical/emergency de-

artments in ten UK hospitals ( Table 2 ). Likert scales scored state-

ents for importance (to differentiate important from unimpor-

ant belief statements) and agreement (to differentiate barriers and

nabler belief statements). Results were analyzed across groups,

ospitals, and overall. Logistic regression identified differences be-

ween groups and beliefs important to all. 

616 responses were received from participants in ten hospitals.

he most important barriers to implementation of the Sepsis Six

ell within the TDF domain Environment/Context/Resources, for ex-

mple, insufficient staffing, time or bed availability. Most important

nablers related to the domains Knowledge and Skills , for example

nowing what was in the Sepsis Six, and how and when to per-

orm it, Social and Professional Role , for example believing it was

he participant’s role to deliver the Sepsis Six, and Beliefs In Conse-

uences , for example beliefs that the Sepsis Six improves outcomes,

nd should be delivered quickly. The majority of belief statements

rom these domains were consistently rated as important across

ll hospitals and participant groups, with no significant difference

etween them. However, there was often significant variation in

greement scores, with some hospitals rating an important belief

tatement as a barrier (I do not have sufficient staff) and others as

n enabler (I do have sufficient staff) ( Fig. 1 ). 

Our findings highlight consistent targets for intervention to im-

rove implementation of the Sepsis Six. National interventions

iming to increase Sepsis Six performance should focus on ad-

ressing resource shortages, maintaining skills and knowledge,

aintaining beliefs of beneficial effect, and maintaining ‘it is my
hy do clinicians treat, or not treat, a patient for sepsis? 

sing the theoretical domains framework to elicit 

arriers and enablers to performing the Sepsis Six in UK 

ospitals ✩✩ 
uy Hooper 
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Table 1 

Theoretical Domains Framework. 

Domain Content Sample belief statement 

Knowledge An awareness of something I am aware of what the Sepsis Six involves 

Skills Ability or proficiency acquired through practice I have the necessary skills to perform the Sepsis Six 

Social/Professional Role Set of behaviors and qualities of an individual in social or 

work setting 

It is part of my role to perform the tasks in the Sepsis Six 

Beliefs about Capabilities Views about one’s ability/talent/capability to perform the 

target behavior(s) 

I am confident performing the Sepsis Six 

Optimism Confidence that things will happen for the best or that 

desired goals will be attained 

Sepsis Six performance will improve at this hospital 

Beliefs about Consequences Acceptance of the truth, reality or validity about outcomes 

of a behavior in a given situation 

Performing the Sepsis Six improves patient outcomes 

Reinforcement Increasing the likelihood of a behavior being performed by 

establishing an association between performing a behavior 

and a given stimulus or cue 

I get rewarded for good Sepsis Six performance 

Intentions Conscious decision to perform a behavior or resolve to act 

in a certain way 

I will prioritize performing the Sepsis Six over other tasks 

Goals Mental representation of outcomes or states that an 

individual wants to achieve 

I have a time-based goal for completing the Sepsis Six 

Memory/Attention/Decisions The ability to retain information, focus selectively on 

aspects of the environment and choose between two or 

more alternatives 

It is easy to remember the steps in the Sepsis Six 

Environment/Context/Resources Circumstances of a person’s situation/environment that 

affect behavior 

I have sufficient time to perform the Sepsis Six 

Social Influences Interpersonal processes that can cause individuals to 

change thoughts/feelings/behaviors 

My colleagues believe the Sepsis Six to be of benefit 

Emotions Complex reaction pattern by which individual attempts to 

deal with a personally significant matter or event 

I feel bad if I do not perform the Sepsis Six 

Behavioral Regulation Anything aimed at managing or changing objectively 

observed or measured actions 

I get sufficient feedback on my performance of the Sepsis 

Six 

Table 2 

Stakeholder group responses, by hospital. 

Hospital Location Role Number invited from hospital Responses from hospital Hospital Response Rate (%) 

ED MAU SAU Cons DiT Nurse 

1 25 30 49 10 69 25 361 104 28.8 

2 3 4 20 3 14 10 Unknown 27 Unknown 

3 30 32 28 11 36 43 Unknown 90 Unknown 

4 29 25 17 17 28 26 Unknown 71 Unknown 

5 23 3 3 3 8 18 Unknown 29 Unknown 

6 10 14 2 4 3 19 229 26 11.4% 

7 39 34 28 14 26 61 201 101 50.3% 

8 38 45 32 29 34 52 255 115 45.1% 

9 15 12 7 8 7 19 446 34 7.62% 

10 4 15 0 0 19 0 Unknown 19 Unknown 

Total 216 214 186 99 244 273 616 
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ole to do this’ as a core belief. Implementation science based

ethodology could now be used to match the relevant TDF do-

ains to behavior change techniques and improve implementa-

ion on a large scale. Knowing when to perform the Sepsis Six,

nd being able to diagnose sepsis, were both important factors in

hether treatment was initiated or not. This study fits with broad

hemes identified in previous single center studies, which high-

ighted ‘what to do and why’, ‘working together’, ‘risks and ben-

fits’ and ‘staffing levels’ as key factors affecting performance of

he Sepsis Six. 6–8 

Our large study, alongside previous small studies, highlights

ultifactorial reasoning for performing the Sepsis Six, but in par-

icular the vital role that Knowledge, Skills and Beliefs In Conse-

uences play in defining clinician behavior. Ensuring that all rel-

vant stakeholder staff have the knowledge and skills to diagnose

atients correctly according to Sepsis-3 criteria, and are well in-

ormed about the consequences of the Sepsis Six bundle, would

eem like an important step to minimize undertreatment of those

ith sepsis and overtreatment of those without. 
s
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Fig. 1. Graph showing strength of agreement (as barrier and/or enabler) for top ten most important belief statements. 
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ear Editor, 

Antibiotics are the most commonly prescribed therapy to hu-

an and animals, however with a high proportion and misuse

mergence the antibiotic resistance in animal husbandry. Antimi-

robial resistance profile is highly concerned with humans and an-

mal health globally. 1 , 2 The natural environment provides a large

ibrary of drug-resistant genes for microorganisms. The antimicro-

ial resistance process is accelerated by the circulation of sub-

tances in nature (such as air and water) and biological activi-

ies (human activities and animal’s abundance or insect’s diversity)

hat may contribute to the dynamic evolution of bacterial flora

nd evolving a variety of unknown drug-resistant genes to adapt

he changes in the external environment. 3 , 4 It is worth mentioning

hat whether the wild animals contain the drug-resistant genes for

icrobes. 

E. davidianus (Père David’s deer) is herbivorous mammal, is con-

idered one of the world’s rare species; and regarded as an endan-

ered and protected species originating from China. Recently, se-

ere diarrhea was observed in several deer from the Shishou E. da-

idianus Preserve (Hubei, China) regions. 5 We isolated a strain of B.

ereus from the lung, hydrothorax, pericardial fluid, and joint fluid

f sick wild E. davidianus . The genomic DNA of B. cereus was pre-

ared and sequenced. We integrated several approaches, databases,

nd specific software to annotate the assembled sequences. In

his study the comprehensive antibiotic research database (CARD)

as used predict the antibiotic resistance ontology (ARO). The re-

ults showed that the isolate carried tetB(P), otr(A), rpoB, rphB,

phA, cat, mprF, ileS, fabI, vanYM, vanSF, vanSM, FosB, murA, parC,

yrA, mfd, EF-Tu, dfrE, BcII, mecC, mecB, mecA, BLA1 and BcI

rug-resistance genes, which considered to resistant the tetracy-

line, rifamycin, phenicol, peptide antibiotics, mupirocin, isoniazid,

riclosan, glycopeptide antibiotics, fosfomycin, fluoroquinolones, 

lfamycin, kirromycin, diaminopyrimidine and beta-lactam, respec-

ively. Meanwhile, some drug-resistanc genes perform the func-

ions of drug efflux pump complex or subunit conferring antibiotic

esistance, like tet (42), TaeA, sav1866, lmrD, lmrB, cdeA, bmr, blt,

meA and bcrA ( Table 1 ). 

Emergence of resistance from important bacteria is one of

he public threats worldwide. Antibiotics are produced by mi-

robial metabolites of resistant pathogens, that can selectively

isrupt or inhibit the growth of pathogens. 3 , 4 Various antibi-

tics have different functions, such as the interfering the syn-

hesis of cell wall, plasma membrane, inhibiting protein synthe-

is etc., such as quinolones and rifamycin can inhibit the nucleic
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Table 1 

Annotation of antibiotic resistance genes. 

ARG_name Antimicrobial ARO_category 

tetB(P) and otr(A) tetracycline antibiotic target protection protein 

rpoB rifamycin antibiotic resistant gene variant or mutant 

rphB and rphA rifamycin antibiotic inactivation enzyme 

cat phenicol antibiotic inactivation enzyme 

mprF peptide antibiotics antibiotic target modifying enzyme 

ileS mupirocin antibiotic resistant gene variant or mutant 

fabI isoniazid, triclosan antibiotic resistant gene variant or mutant 

vanYM glycopeptide antibiotics antibiotic resistance gene cluster, cassette, or operon; gene 

conferring antibiotic resistance via molecular bypass 

vanSF and vanSM glycopeptide antibiotics antibiotic resistance gene cluster, cassette, or operon; gene 

conferring antibiotic resistance via molecular bypass 

FosB fosfomycin antibiotic inactivation enzyme 

murA fosfomycin antibiotic resistant gene variant or mutant 

parC fluoroquinolones antibiotic resistant gene variant or mutant 

gyrA fluoroquinolones antibiotic resistant gene variant or mutant 

mfd fluoroquinolones antibiotic target protection protein 

EF-Tu elfamycin; kirromycin antibiotic resistant gene variant or mutant 

dfrE diaminopyrimidine antibiotic target replacement protein 

BcII beta-lactam antibiotic inactivation enzyme 

mecC, mecB and mecA beta-lactam antibiotic resistance gene cluster, cassette, or operon; antibiotic 

target replacement protein 

BLA1 and BcI beta-lactam antibiotic inactivation enzyme 

Tet (42), TaeA, sav1866, lmrD, lmrB, 

cdeA, bmr, blt, emeA, bcrA 

efflux pump complex or subunit conferring antibiotic resistance 

ARG: Antibiotic Resistance Genes; ARO: Antibiotic Resistance Ontology. 
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acid replication and transcription, beta-lactam inhibits the synthe-

sis of bacterial cell walls, macrolides inhibit synthesis of bacte-

rial proteins. Meanwhile, efflux pump is capable of directly drain

antibiotics, heavy metals or other toxic molecules from bacterial

cells. , 4 , 6 

Previous study showed that approximately 90% bacteria have

been reported isolated from voles contained resistance to the an-

tibiotic in UK, compared with almost 0% in Finland. 7 In the present

study, our finding indicates a large number of drug-resistant genes

are present in B. cereus in wild E. davidianus , despite the absence

of human intervention, and where these genes came from? A plau-

sible explanation is that antibiotic resistance genes has high mobil-

ity, mainly through the horizontalgene transfer mechanism, namely

with the help of some mobile genetic factor or elements in the

genome, such as plasmid, integrons, transposons and insertion se-

quences. 4 , 6 The drug-resistant genes can transfer among differ-

ent microorganisms via transformation and joint between bacte-

rial cells, or via lysogenic phages transduction to integrate into an-

other the genome of the recipient bacteria. At the same time, mis-

use and overuse in animal production, aquaculture as well as in

human’s treatment usually through the genetic changes also con-

tributed antimicrobial resistance. The resulting of drug-resistant

genes of antibiotics will be removed from the body to excreta,

and further spread to humans and other animals directly and in-

directly. The environments (microbiota merging), the interactions

among bacterial species or clones are being connected in genetic

exchange communities, therefore the genetic exchanges, gene fu-

sion, other hierarchical levels and probably microbiome merging

etc. plays major role in emergence, spread, and maintenance of an-

tibiotic resistance. 

The key to control and combat the antibiotic resistance is to

prevent the spread of drug-resistant strains and drug-resistant

genes. This spread of channel is very extensive, including hu-

mans, insects, birds, water, agriculture, etc. 8 We should establish

a monitoring network for agriculture, health, and the environment,

and conduct comprehensive monitoring and reporting of antibiotic

residues in animal-derived food, antibiotic use in hospitals, and an-

tibiotic pollution in soil and water environments. , 2 , 8 

In summary, the local genetic exchange communities promote

the antibiotic resistance among the bacterial species. Therefore, the

 

cological compatibility species and sharing same environment and

iches establish the exchange possibilities. Generally, One Health

pproach to antibiotic resistance opens a door for understanding

n communication, among microbiotas, clones and holistic image

f the problem of antibiotic resistance. At the same time, the new

iochemical, microbiological, ecological, bioinformatics technolo-

ies required to control the problem of antibiotic resistance on a

lanetary scale. 
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