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Longitudinal study of a SARS-CoV-2 infection in an R

immunocompromised patient with X-linked @ (%
agammaglobulinemia

Dear Editor,

In this journal, Walsh and colleagues' recently reviewed the
evidence supporting that immunocompromised patients may re-
main positive for Severe Acute Respiratory Syndrome Coronavirus
2 (SARS-CoV-2) infection for long periods of time, up to 20 days.
Here, we report the case of an immunocompromised patient with
clinically diagnosed X-linked agammaglobulinemia (XLA) (Supple-
mentary Material) who was persistently infected with SARS-CoV-
2 for almost five months. He was admitted to the hospital on
the 14th April 2020 with left bilobar pneumonia, reporting cough,
chronic diarrhoea, and fever over the previous four days, and a na-
sopharyngeal (NP) sample tested positive for SARS-CoV-2 by RT-
gPCR (Fig. 1A). In the hospital, he was treated with hydroxychloro-
quine, two courses of remdesivir, lopinavir/ritonavir, antibiotics,
antifungal treatments, and glucocorticoids. Infectious SARS-CoV-
2 was successfully cultured from a bronchoalveolar lavage (BAL)
sample on day 50, showing that the virus was actively replicating
in the lower respiratory airways (Supplementary Material). On day
133, he was treated with hyperimmune serum from a convales-
cent patient. Despite treatments and two coronavirus disease 2019
test negativizations, the patient stayed in the hospital most of the
time and died in the intensive care unit from multiorgan failure
and shock on day 149 (10th September 2020) (Fig. 1A). See the
Supplementary Material for further details.

Throughout the period described, 26 respiratory samples were
collected from the patient (22 NP swabs and 4 BAL samples)
(Fig. 1A). A urine, faeces, and peripheral blood sample (on day 44),
and another peripheral blood sample (on day 87) were collected,
but viral genome was not detected in any of their RNA extrac-
tions. SARS-CoV-2 viral genomes of a subset of 13 NP and 3 BAL
samples were sequenced using alternative methodologies (Sup-
plementary Material). All genomes were assigned to the PANGO
lineage A.2 (Clade 19B), which was predominant in Spain dur-
ing the early months of the pandemic.? Assignation of the se-
quences to the same lineage suggests that the patient had a sin-
gle viral infection event. Synonymous and non-synonymous mu-
tations accumulated throughout the course of the infection in NP
and BAL samples (Spearman correlation, r = 0.77, p = 0.00072)
(Fig. 1B). Different constellations of mutations were observed in
the sequences isolated from NP and BAL samples, suggesting
compartmentalization of viral subpopulations evolving indepen-
dently. The median mutation rate -accumulated mutations per day
since diagnosis- was 0.09 mutations/day, higher than the origi-
nally estimated for SARS-CoV-2 (0.06 mutations/day>) (One-sample
Wilcoxon test, p = 0.005), indicating accelerated mutation rate

https://doi.org/10.1016/j.jinf.2021.07.028

during infection. There was no significant difference in the muta-
tion rate calculated for NP and BAL samples (Mann-Whitney U test,
p = 0.18).

On day 0, viral genome sequences harboured the characteris-
tic mutational pattern of lineage A.2 (ORF1a:F3701Y, ORF3a:G196V,
ORF8:L84S, N:S197L) in addition to two other substitutions and
four synonymous mutations (Fig. 1B). In particular, the spike (S)
gene sequence was characterized by the 1197V substitution and
one synonymous mutation. These were the only two mutations
observed in the S gene throughout the course of this five-month
infection period in NP samples. However, we observed a different
evolutionary pattern in BALs. On day 50, the A653V substitution
was observed. This was found as part of the mutational pattern
of two variants spreading in France? and Germany® at the begin-
ning of 2021. On day 87, the P384L in the receptor-binding domain
emerged but disappeared together with the A653V at day 136, five
days after treatment with hyperimmune serum, when R158S and
N501T emerged. Strikingly, the N501T is associated with an in-
creased binding affinity of the S protein to the human angiotensin-
converting enzyme 2 (ACE2) receptor and has been identified as
an escape mutation against anti-SARS-CoV-2 neutralizing antibod-
ies (NAbs).5 Interestingly, the position R158 of the S protein is part
of the N-terminal domain (NTD) antigenic supersite, a region being
recognized by all known NAbs directed to the NTD,” and the R158S
has been included among the escape mutations of anti-SARS-CoV-
2 monoclonal NAbs targeting the NTD of the S protein.? Besides,
we highlight the emergence, on day 50, of the G204R in the nucle-
ocapsid (N) gene, a mutation characteristic of the P.2 lineage, and,
on day 136, of the K1795Q in the ORFla and the P67S in the N
gene, which are distinctive signatures of P.1 and B.1.617.3 lineages,
respectively.

This study describes an XLA-immunocompromised patient with
prolonged SARS-CoV-2 infection, supporting evidence that these
patients undergo viral shedding for long periods of time.?-'0 The
patient presented RT-qPCR negative NP samples in different time
intervals throughout the course of infection that either matched to
a positive BAL sample or were followed by a positive RT-qPCR sam-
ple. This indicates that a negative RT-qPCR result in NP samples
may not imply remission from infection.® Viral genome sequenc-
ing revealed an accelerated intra-host viral evolution. Different
mutations were accumulated in samples collected from NPs and
BALs throughout the course of infection, which may point to vi-
ral adaptation to the upper and lower respiratory airways. Several
host factors may account for this phenomenon, such as temper-
ature and immune response disparities and/or differences in the
ACE2 expression. Furthermore, it is worth noting that the muta-
tions emerging in the lower respiratory tract were not detected by
sequencing NP samples. Thus, the emergence of potentially worry-
ing viral variants may be underestimated by sequencing standards
focusing on NP samples. The emergence of substitutions linked to

0163-4453/© 2021 The British Infection Association. Published by Elsevier Ltd. All rights reserved.
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Fig. 1. Five-month longitudinal study of SARS-CoV-2 positive samples collected from a XLA-immunocompromised patient. (A) Chronological visualization of samples collected
throughout the course of infection until patient death (day 149). RT-qPCR cycle threshold (Ct) are shown for collected nasopharyngeal swab (NP, circle) and bronchoalveolar
(BAL, triangle) samples, with sequenced samples highlighted in blue. Vertical bars represent the accumulated number of mutations in the sequenced genome compared
to the consensus viral sequence obtained from the first NP sample (day 9). § At day 50, a BAL sample was shown to have actively replicating SARS-CoV-2 viruses. (B)
Graphical representation of SARS-CoV-2 whole-genome consensus sequences with synonymous (blue asterisks) and nonsynonymous mutations (orange asterisks) identified
as compared to the Wuhan-Hu-1 reference sequence (NC_045512.2). Only non-synonymous mutations are identified with the amino acid changes in the figure. On day 50,
in the N gene, the amino acid substitution S197L is replaced by S197T. (For interpretation of the references to colour in this figure legend, the reader is referred to the web
version of this article)
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immune evasion in the BAL sample collected three days after treat-
ment with hyperimmune serum is remarkable. Of note, the pres-
ence of the same or other mutations of interest in the NP samples
days after hyperimmune serum treatment could not be ruled out.
In fact, we were able to sequence only one NP sample 24 h after
treatment, which may not be enough time to observe a possible vi-
ral population shifting in these samples. One limitation is that we
have no data on the Abs composition and SARS-CoV-2 neutralizing
activity of the hyperimmune serum used. Lastly, the emergence of
mutations distinctive of currently circulating SARS-CoV-2 variants
of concern (VOCs) support the hypothesis for long-term viral shed-
ding in immunocompromised patients as one possible mechanism
for the emergence of VOCs.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Funding

This work was supported by Cabildo Insular de Tenerife [Grants
CGIEU0000219140 and “Apuestas cientificas del ITER para colabo-
rar en la lucha contra la COVID-19”]; the agreement with Instituto
Tecnolégico y de Energias Renovables (ITER) to strengthen scien-
tific and technological education, training research, development
and innovation in Genomics, Personalized Medicine and Biotech-
nology [Grant No. OA17/008]; Instituto de Salud Carlos III [Grant
No. FI18/00230 and PI20/00876] and Ministerio de Ciencia e Inno-
vacion [Grant No. RTI2018-093747-B-100 and RTC-2017-6471-1],
co-funded by the European Regional Development Fund (ERDF), “A
way of making European” from the European Union; Lab P2+ facil-
ity [Grant No. UNLL10-3E-783], co-funded by the ERDF and “Fun-
dacién CajaCanarias”; and the Spanish HIV/AIDS Research Network
[Grant No. RIS-RETIC, RD16/0025/0011], co-funded by Instituto de
Salud Carlos Il and by the ERDF; and RIS-3 Canarias Strategy -
“Maria del Carmen Betancourt y Molina” Program, “Consejeria de
Economia, Conocimiento y Empleo, Gobierno de Canarias” [Grant
No. ProlD2020010093]. The funders had no role in the study de-
sign, collection, analysis and interpretation of data, in the writing
of the manuscript or in the decision to submit the manuscript for
publication.

Acknowledgment

We deeply acknowledge the University Hospital Nuestra Sefiora
de Candelaria (HUNSC) and the Instituto Tecnolégico y de Energias
Renovables (ITER) board of directors for their strong support and
assistance in accessing diverse resources used in the study.

Ethical approval

The University Hospital Nuestra Sefiora de Candelaria (Santa
Cruz de Tenerife, Spain) review board approved the study (ethics
approval number: CHUNSC_2020_24).

Authors Contribution

JAF and CF conceived the idea, the experimental design and su-
pervised the project. LC, JMLS, HRP, HGC, AIC, RGM, and DGMA
conducted the sequencing experiments. SRA and MEAA conducted
the viral culture experiments. MHP, JAF, HGC, ODG, and DGMA col-
lected patient data. LC, JMLS, AVF, and CF performed the analysis
and interpreted the results. AVF and CFA obtained the funding. LC

drafted the first version of the manuscript and prepared the fig-
ures. All authors contributed to manuscript revision and read and
approved the submitted version.

Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.jinf.2021.07.028.

References

—_

. Walsh K.A,, Spillane S., Comber L., Cardwell K., Harrington P., Connell J., et al.
The duration of infectiousness of individuals infected with SARS-CoV-2. | Infect
[Internet]. 2020 Dec 1;81(6):847-56. Available from https://doi.org/10.1016/j.
jinf.2020.10.009.

2. Latif AA, Mullen JL, Alkuzweny M, Tsueng G, Cano M, Haag E, et al. A.2 Lin-
eage report [Internet]. outbreak.info. 2021 [cited 2021 Jun 21]. Available from:
https://outbreak.info/situation-reports?pango=A.2.

3. Harvey W.T, Carabelli A.M., Jackson B., Gupta R.K. Thomson E.C., Harri-
son E.M,, et al. SARS-CoV-2 variants, spike mutations and immune escape. Nat
Rev Microbiol [Internet]. 2021;19(7):409-24. Available from https://doi.org/10.
1038/s41579-021-00573-0.

4, Colson P, Levasseur A., Delerce ]., Pinault L., Dudouet P, Devaux C., et al.
Spreading of a new SARS-CoV-2 N501Y spike variant in a new lineage. Clin
Microbiol Infect [Internet]. 2021 Jun 9. Available from https://doi.org/10.1016/j.
cmi.2021.05.006.

5. Mallm ].P, Bundschuh C., Kim H., Weidner N., Steiger S., Lander I, et al. Local
emergence and decline of a SARS-CoV-2 variant with mutations L452R and
N501Y in the spike protein. medRxiv [Internet]. 2021. Available from: https:
//lwww.medrxiv.org/content/early/2021/04/29/2021.04.27.21254849.

6. Wang R, Chen J, Gao K, Wei GW. Vaccine-escape and

fast-growing  mutations in the United Kingdom, the United

States, Singapore, Spain, India, and other COVID-19-devastated
countries. Genomics [Internet]. 2021;113(4):2158-70. Available
from https://www.sciencedirect.com/science/article/pii/S0888754
321001798.

~N

. McCallum M., De Marco A., Lempp FA., Tortorici M.A., Pinto D., Walls A.C,,
et al. N-terminal domain antigenic mapping reveals a site of vulnerability for
SARS-CoV-2. Cell [Internet]. 2021 Apr 29;184(9):2332-2347.e16. Available from:
https://doi.org/10.1016/j.cell.2021.03.028
8. Suryadevara N., Shrihari S., Gilchuk P, VanBlargan L.A., Binshtein E., Zost S.J.,
et al. Neutralizing and protective human monoclonal antibodies recogniz-
ing the N-terminal domain of the SARS-CoV-2 spike protein. Cell [Internet].
2021 Apr 29;184(9). 2316-2331.e15. Available from https://doi.org/10.1016/j.
cell.2021.03.029.

9. Choi B., Choudhary M.C,, Regan J., Sparks J.A., Padera R.F, Qiu X, et al. Persis-
tence and evolution of SARS-CoV-2 in an immunocompromised host. N Engl
J Med [Internet]. 2020 Dec 3 [cited 2021 Feb 17];383(23):2291-3. Available
from: http://www.nejm.org/doi/10.1056/NEJMc2031364.

10. Baang J.H., Smith C., Mirabelli C., Valesano A.L, Manthei D.M., Bachman M.A.,,

et al. Prolonged severe acute respiratory syndrome coronavirus 2 replication in

an immunocompromised patient. J Infect Dis [Internet]. 2021 Jan 1;223(1):23-

7. Available from https://doi.org/10.1093/infdis/jiaa666.

Laura Ciuffreda’
Research Unit, Hospital Universitario Nuestra Sefiora de Candelaria,
Spain

José M. Lorenzo-Salazar!
Genomics Division, Instituto Tecnolégico y de Energias Renovables,
Spain

Julia Alcoba-Florez!
Servicio de Microbiologia, Hospital Universitario Nuestra Sefiora de
Candelaria, Spain

Héctor Rodriguez-Pérez
Research Unit, Hospital Universitario Nuestra Sefiora de Candelaria,
Spain

Helena Gil-Campesino
Servicio de Microbiologia, Hospital Universitario Nuestra Sefiora de
Candelaria, Spain

Antonio [fiigo-Campos
Genomics Division, Instituto Tecnoldgico y de Energias Renovables,
Spain

Diego Garcia-Martinez de Artola


https://doi.org/10.1016/j.jinf.2021.07.028
https://doi.org/10.1016/j.jinf.2020.10.009
https://outbreak.info/situation-reports?pango=A.2
https://doi.org/10.1038/s41579-021-00573-0
https://doi.org/10.1016/j.cmi.2021.05.006
https://www.medrxiv.org/content/early/2021/04/29/2021.04.27.21254849
https://www.sciencedirect.com/science/article/pii/S0888754321001798
https://doi.org/10.1016/j.cell.2021.03.028
https://doi.org/10.1016/j.cell.2021.03.029
http://www.nejm.org/doi/10.1056/NEJMc2031364
https://doi.org/10.1093/infdis/jiaa666

610 Letters to the Editor/Journal of Infection 83 (2021) 611-635

Servicio de Microbiologia, Hospital Universitario Nuestra Sefiora de
Candelaria, Spain

Agustin Valenzuela-Fernandez

Laboratorio de Inmunologia Celular y Viral, Unidad de Farmacologia,

Facultad de Medicina, Universidad de La Laguna, Spain; Red espafiola
de Investigacion en VIH/SIDA (RIS)-RETIC, Instituto de Salud Carlos III,
Spain

Marcelino Hayek-Peraza
Servicio de Medicina Interna, Hospital Universitario Nuestra Sefiora
de Candelaria, Spain

Susana Rojo-Alba, Marta Elena Alvarez-Argiielles
Servicio de Microbiologia, Hospital Universitario Central de Asturias,
Spain

Oscar Diez-Gil
Servicio de Microbiologia, Hospital Universitario Nuestra Sefiora de
Candelaria, Spain

Rafaela Gonzalez-Montelongo
Genomics Division, Instituto Tecnolégico y de Energias Renovables,
Spain

Carlos Flores*

Research Unit, Hospital Universitario Nuestra Sefiora de Candelaria,
Spain

Genomics Division, Instituto Tecnolégico y de Energias Renovables,
Spain

CIBER de Enfermedades Respiratorias, Instituto de Salud Carlos III,
Spain

*Corresponding author.

E-mail address: cflores@ull.edu.es (C. Flores)

1 Should be considered co-first authors.
Accepted 25 July 2021
Available online 28 July 2021

https://doi.org/10.1016/].jinf.2021.07.028

© 2021 The British Infection Association. Published by Elsevier
Ltd. All rights reserved.

Avian influenza H10 subtype viruses continuously pose n
threat to public health in China

Dear editor,

Wang and colleges recently reported in this journal the first
case of human infection with HION3 virus in China.! In China, H10
subtype (H10N2, H10N3, H10N6, H10N7, HIONS, and et. al.) avian
influenza virus (AIV) had distributed in poultry and wild bird pop-
ulations in China.” Because poultry showed no clinical symptoms
when infected with H10 subtype viruses, their eradication had not
been a priority for the control of zoonosis diseases in China. How-
ever, H10 subtype viruses had continuously contributed to some
zoonotic spillover events. In 2010, a number of cases of human in-
fected with HION7 were reported in Australia?, and subsequently,
China reported that the first human case of HION8 infection that
resulted in a human death in 2013 and the recently emerged
human-infecting H1ON3 virus in 2021.":> Therefore, the H10 sub-
type AIV poses continuous public health concerns. To that purpose,
we systematically analyzes the evolutionary dynamics and dissem-
ination pathways of H10 subtype AIV in China.

In the present study, to elucidate the evolutionary process of
H10 subtype influenza viruses, we firstly examined HA genes of
global H10 subtype virus by performing multiple sequence align-
ment and phylogenetic analysis.>** H10 subtype viruses had di-
vided into two lineages—North American-lineage and Eurasian-
lineage (Fig. 1A). We observed that the H10 subtype viruses in
Eurasian-lineage were more complex embodying different neu-
raminidases, while the H10N7 virus was concentrated on North
American-lineage (Fig. 1A). All of the H10 subtype viruses iso-
lated from China were derived from Eurasian-lineage. It is inter-
esting to note that 78.5% of the H10 subtype viruses (N2-N9)
were isolated from Jiangxi province (Fig. 1B-D), indicating that
Jiangxi province of China is the epicenter of the H10 subtype
viruses. In addition, we also found that the number of H10 subtype
viruses increased during 2000-2015, and subsequently decreased
after 2016 (Fig. 1B). The H1I0N3 and H10N8 influenza viruses ex-
hibited the highest number of H10 subtype virus in China. HION8
virus had become the dominant subtype in poultry during 2011-
2015; however, the number of HION3 virus had increased during
2016-2021 (Fig. 1B), indicative of dominant H10 subtype switch
in China. Previous study showed that genetic diversity of H1I0N8
viruses were much higher prior to human spillover event.? In this
study, we found that the genetic diversity of human-origin H1I0N3
viruses were lower than that of H10N8 viruses (Supplementary
Fig. 1), and we also found that the genotype of human-infecting
H10N3 virus was same as the A/chicken/Jiangsu/0110/2019(H10N3)
and A/chicken/Jiangsu/0104/2019(H10N3). These findings sup-
ported the finding that the avian-to-human transmission of
H10N3 virus might have occurred recently without further
reassortment.

To estimate the population dynamics of H10 subtype influenza
virus in China, we inferred the HA genes of H10 subtype virus
demographic history using Bayesian Skyride plots (Supplementary
Fig. 2). Our finding suggested that from 2012 to 2014, the decreas-
ing effective population size indicated that the diversity of H10
subtype viruses declined, while genetic diversity increased dramat-
ically during 2014 to 2015 and then stably maintained (Fig. 2A
and B). Subsequently, we analyzed the dissemination pathways of
H10 subtype viruses in China in different sampling locations based
on the HA phylogenetic tree. Among the result, we found that
Jiangxi province was regarded as epicenter for the viral spread
(Fig. 2C). Specifically, Jiangxi was linked with three locations—
Hunan, Hubei, and Hebei. In addition, we found that Zhejiang was
linked with closer province including Jiangsu(Fig. 2C). However,
there are some limitations that sampling bias might have affected
the results. Among our findings, the transmission routes of H10
subtype viruses were primarily concentrated in Jiangxi province of
China. Previous study showed that the role of wild birds in the
dispersal of AIVs during the seasonal migration.>"%7 In the case of
Jiangxi province, the Poyang Lake, with its excellent ecology and
vast wetlands, has become a world-famous migratory bird winter-
ing hub, which increase the close contact between wild birds car-
rying H10 subtype viruses and poultry, accelerating the reassort-
ment and mammalian adaptive mutations.

The emerged H10N3 and H10N8 influenza viruses had caused
human infection in China, posing public health threat. In previ-
ous study, we found that the key substitutions in PB2 protein of
H10N8 viruses including 1292V, A588V, and T598M were associ-
ated with mammalian adaption.. Thus, a key concern is whether
the H10 subtype viruses in poultry had acquired the mammalian
adaption in recent years. In the present study, we found that the
proportion of 1292V, A588V, and T598M substitutions in the PB2
protein of H10 subtype viruses in poultry increased sharply during
2013 to 2021 (Fig. 2D), and the human-infecting HION3 and H10N8
viruses all harbored these amino acids substitutions, indicating
that H10 subtype viruses in China pose an increasing threat to hu-
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Fig. 1. Geographic distribution and evolutionary history of H10 subtype influenza viruses. (A) Maximum likelihood tree of HA gene sequences of H10ONx viruses. All branch
lengths are scaled according to the numbers of substitutions per site (subs/site). Maximum likelihood (ML) phylogenies for the codon alignment of the full gene segments
were estimated using the GTRGAMMA nucleotide substitution model in the IQ-tree. Node support was determined by nonparametric bootstrapping with 1000 replicates. The
phylogenetic tree was visualized in the FigTree (version 1.4.3) program. (B) The number of sequences of different HIONx viruses in China. (C) The distribution of H10Nx
influenza viruses in China embodying different NA genes in Jiangxi and all except Jiangxi. (D) The geographic distribution of H10 subtype viruses in China. The size of the
pie chart represents the number of H10 subtype viruses in China, and the different color represents the H10 subtype embodying different NA genes. Data are available from

GISAID’s Epiflu Database.

man health. H10 subtype viruses had been detected in migratory
birds in China with increasing trend and H10 subtype viruses were
more adapted to mice and chickens?®, which signal a very real
risk that wild bird migration might probable introduce H10 sub-
type viruses associated with mammalian adaption to other coun-
tries, posing global public health concerns.

In conclusion, our findings suggested that HION3 and H10N8
AlVs had been co-circulating in poultry population in China, and
many molecular markers in PB2 protein associated to mammalian
adaption had been detected in bird- and human-origin H10 sub-
type AIV. Notably, we also found that Jiangxi province of China is

the main output region in the dissemination of H10 viruses, in-
dicating that eastern China is the potential epicenter of the H10
influenza viruses. Whether H10 subtype AIV could be spread in
other countries and circulated via wild bird migration, comprehen-
sive surveillance is warranted to prevent the potential for the fu-
ture influenza pandemics.
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Fig. 2. Evolutionary and transmission dynamics of HIONx influenza viruses. (A) MCC tree of H10 subtype viruses in China. (B) Bayesian Skyride plot of HA genes of H10
subtype viruses in China. A Bayesian Skyride analysis of HA gene of H10 subtype viruses to display changes in the effective population size over time. The solid red line
indicates the median value, and the shaded red area represents the 95% highest posterior density of genetic diversity estimates. (C) The transmission routes of H10 subtype
viruses in Jiangxi, Hunan, Hubei, Jiangsu, and Zhejiang provinces of China. (D) Amino acids frequency of H10 subtype influenza viruses in China. Frequencies of each position,
including 292, 588, 598, 627, and 701 in PB2 protein, are illustrated using Weblogo 3.4 (http://weblogo.threeplusone.com/).
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Stool culture for diagnosis of nontuberculous
mycobacteria pulmonary disease: An indirect evidence Sz

Dear editor,

We agree with Tan and colleagues, who described the situation
of Nontuberculous mycobacteria (NTM) pulmonary diseases (NTM-
PDs) in China '. NTM-PD remain difficult to be managed even with
several guidelines 2. This is because that NTM-PD infections usually
share some symptoms with pulmonary tuberculosis (TB), and most
of NTM species are resistant to first-line anti-TB agents. In addition,
mycobacterial culture and identification of NTM are not routinely
performed in most areas, such as China. These make the diagno-
sis and treatment of NTM disease more complicated and may con-
tribute to a poor outcome.

Certainly, the rapid identification would aid to improve the
management of NTM-PD patients. According to a guideline issued
recently, positive culture results from at least two separate expec-
torated sputum samples is known as one of the microbiologic cri-
teria for the NTM-PD diagnosis 3. Stools, as an alternative to spu-
tum, have been well characterized in the diagnosis of pulmonary
TB, especially in children 6. However, the role of stool samples
for the diagnosis of NTM-PD remains unclear.

In this retrospective study, we hypothesized that stool samples
may be useful for NTM-PD diagnosis. To test this hypothesis, we
reviewed our experience of stool cultures for NTM species over
the last decades. Fortunately, some interesting findings were found,
which could be taken as an indirect evidence for NTM-PD diagno-
sis using stool samples.

This study was conducted at the Shandong Public Health Clini-
cal Center and confronted with the Helsinki Declaration. The study
protocol was approved by the Ethical Committee of Shandong Pub-
lic Health Clinical Center. Due to the retrospective nature of the
study and the anonymous data analyzed, our study was waived for
written informed consent by the Ethical Committee of Shandong
Public Health Clinical Center. Shandong Public Health Clinical Cen-
ter is a provincial referral hospital of infectious diseases (including
TB), with approximately 2000 beds.

Between January 2012 and August 2020, consecutive patients
with positive mycobacterial cultures were included for analy-
sis. Mycobacterial culture was performed using Lowenstein-Jensen
medium method, when NTM disease was suspected, further identi-
fication was performed using the Mycobacteria Identification Array
Kit (CapitalBio, Beijing, China), or sequencing of 16S rDNA. NTM
disease was diagnosed according to ATS/IDSA criteria 7. Continu-
ous data were presented as mean # standard deviation (SD) and
categorical data were presented as count (percentages).

Between May 2012 and June 2021, mycobaterial strains were
isolated from 25,617 samples. Of them, 1107 (4.3%) strains were
identified as NTM species, including 110 strains isolated from out-
patients. Therefore, a total of 997 strains isolated from inpatients
were included for the final analysis.

The samples employed for NTM cultures included: sputum
(n = 925,92.8%), bronchial brushing (n = 31, 3.1%), tissues (n = 12,
1.2%), stool (n = 11, 1.1%), pleural effusion (n = 9, 0.9%), urine
(n = 5, 0.5%), and bronchial alveolar lavage fluid (BALF, n = 4,
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0.4%). Of the 997 strains, 662 (66.4%) strains were confirmed as M.
intracellulare, followed by M. kansasii (n = 111, 11.1%), M. chelonei
(n = 103, 10.3%), M. fortuitum (n = 39, 3.9%), M. gordonae (n = 20,
2.0%), M. avium (n = 20, 2.0%), and others (n = 42, 4.2%).

The 11 stool samples were collected from 10 patients. The mean
age of them was 42.8 & 18.2 years old and 60% of them were male.
The 11 strains included M. intracellulare (n = 6), M. kansasii (n = 4),
and M. avium (n = 1). Of the ten patients, eight have met ATS/IDSA
criteria for NTM-PD, including clinical symptoms, radiologic fea-
tures, and microbiologic evidence obtained from at least two sep-
arate sputum samples (n = 9), one have intestinal infection con-
firmed with tissue culture, and the remaining one have confirmed
NTM-PD and possible intestinal infection. Therefore, an indirect ev-
idence for NTM-PD diagnosis using stool samples was found in this
study, and NTM strains isolated from stool samples support the di-
agnosis of NTM-PD. In addition, the initial symptoms at admission
included cough (n = 5), fever (n = 4), hemoptysis (n = 3), chest
pain (n = 3), diarrhea (n = 2), and dyspnea (n = 1).

In the current study, the results of the stool culture method
reflect a high level of agreement similar to that of the sputum
culture-based determination of NTM-PD, indicating that the stool
culture assay reliably identified strains of NTM species. This inter-
esting finding implied that stool is an alternative to sputum for
NTM-PD diagnosis. It was demonstrated that stool culture is a use-
ful method for the detection of swallowed NTM species for the di-
agnosis of patients with NTM-PD.

Diagnosis of NTM-PD usually requires the isolation of NTM
species in respiratory samples (such as sputum) 2. However, the di-
agnosis may turn to be difficult when patients cannot produce spu-
tum, particularly in younger children or HIV-positive patients & 2.
Due to a relative immunodeficiency, sputum production may there-
fore be reduced by a diminished inflammatory response in these
subjects 19, Other specimens collected by invasive procedures, such
as bronchial brushing and BALF, may be then employed. When col-
lected, these specimens typically have a low bacterial burden, re-
sulting in modest detection by current available assays. Although
multiple specimens improves the detection yield, it is costly and
requires consecutive days ' 12,

Most sputum is swallowed, and NTM strains can survive within
the intestinal tract 3. Therefore, stool samples can be used for de-
tecting NTM species originating from the lungs. Besides, stool cul-
ture testing may be taken as a tool for the evaluation of responses
to empirical treatment for TB diseases °, this is because the test
results for follow-up samples have considerable clinical relevance.

All patients in this study had proven NTM-PD, and only two
of them had gastrointestinal symptoms that suggested a coexistent
diagnosis of NTM intestinal infections. As known, stool culture can
support the diagnosis of NTM intestinal infections. It is possible
that in such cases in the present study, this may contribute to the
presence of NTM species in the stool 4 1>, However, one of the
two patients also had pulmonary symptoms (such as cough and
sputum), and another one was confirmed with tissue culture and
only had gastrointestinal symptoms. In general, the strong associa-
tion that we identified between sputum and stool findings among
patients with pulmonary symptoms strongly suggests that strains
detected in the stool culture could originate from swallowed spu-
tum, and intestinal disease is not the only source.

Our study has several limitations. First, due to the retrospec-
tive nature, sample selection bias may arise and affect the final
estimates. Second, the cause of the false-negative stool culture re-
sults was not investigated. Third, in the study, a single stool sample
was collected for mycobacterial culture. If successive daily samples
were used, it may be helpful to improve the diagnosis of NTM-
PD directly. In addition, we need to determine whether stool cul-
ture would provide additional diagnostic value in patients who are
unable to expectorate, especially in children and HIV-positive pa-
tients.

The data presented herein indicate that stool culture is
favourable for the diagnosis of NTM-PD, and patients who are un-
able to expectorate sputum, such as patients with younger age,
impaired mental, and immunocompromised status, could benefit
from this alternative method for the NTM-PD diagnosis. However,
currently, stool culture for NTM-PD diagnosis cannot be recom-
mended to replace sputum culture. Further studies are required to
investigate its role in a prospective way.
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Epidemiological characteristics of varicella before and N

after the implementation of two-dose vaccination =y
schedule in Chaoyang District, Beijing, 2007-2019

Dear editor,

We read with interest the paper by Quinn and colleagues’ in
this Journal. They concluded that the Australia’s program has im-
pacted on the burden of varicella disease, but vaccine effectiveness
of single dose against varicella hospitalizations only moderate. In
October 2012, Beijing center for disease control and prevention is-
sued “the technical guideline of varicella vaccine uses in Beijing”,
recommending vaccinations schedule of two-dose (at 18 months
and 4 years)’. In order to evaluate the impact of two-dose vac-
cination schedule on the incidence of varicella, we compared the
epidemiological characteristics before and after implementation in
Chaoyang District.

For surveillance purpose, varicella is defined as a clinically di-
agnosed illness with acute onset of a generalized vesicular rash
excluding other causes. In February 2007, Beijing required vari-
cella cases to be reported according to the requirements of Class
C infectious diseases. Any clinical practitioners should report cases
of varicella within 24 h through the National Notifiable Disease
Reporting System (NNDRS). Epidemiological data and population
data in this paper are collected from the NNDRS, with 2007-
2012 as the pre-implementation period and 2013-2019 as the post-
implementation period of the two-dose vaccination schedule.

During 2007-2019, a total of 34,122 cases of varicella were
reported in Chaoyang District, Beijing, with an annual incidence
of 53.91 per 100,000 populations to 108.12 per 100,000 popula-
tions, showing a decreasing trend. The average annual incidence
rate before the implementation of two-dose vaccination schedule
was 60.24 per 100,000 populations, which was 39.02% lower than
that after the implementation of the 98.80 per 100,000 popula-
tions. Varicella occur year-round with peak months from May to
June and from November to December. Compared with the pre-
implementation levels, the average annual numbers of cases in
May-June and November-December after implementation dropped
by 42.62% and 34.41%, respectively.
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Compared with the pro-implementation levels, the incidence of
varicella in the age groups of 0-4,5-9 and 20-24 significantly re-
duced (x2=82.473, P < 0.001;x2=377.303, P < 0.001; x2=71.672,
P < 0.001), especially in the age group of 5-9, which was 276.59
per 100,000 populations, there was a decrease of 70.74% from
945.20 per 100,000 populations; while the age groups of 35-
39,40-44 increased significantly( x2=25.451, P < 0.001;x2=8.873,
P = 0.003), and no statistical difference among the age groups
of 11-14,15-19,25-29,30-34,45 and over (Fig. 1). Among children
aged 0-9 years, the incidence rate of 1-year-old children increased
from 385.07 per 100,000 populations before implementation to
719.53 per 100,000 populations after implementation, while it de-
creased significantly in other age groups(P < 0.01) (Fig. 2). The me-
dian age of onset showed an upward trend year by year, from 8
years old in 2007 to 22 years old in 2019.

From the incidence data in Chaoyang District, it can be seen
that the implementation of the 2-dose vaccination schedule fur-
ther reduced the incidence of varicella. Firstly, the annual average
reported incidence of varicella has declined marked. Secondly, the
annual average number of cases in the peak months (May-June and
November-December) dropped substantially. Thirdly, the incidence
of varicella in the 0-4, 5-9 and 20-24 age groups decreased signif-
icantly, especially in the target age group (5-9 years) of the second
dose of varicella vaccine.

The switching of vaccination schedule from one to two doses
could further reduce the incidence of varicella, which was also
confirmed by data from other regions or countries.>® For coun-
tries or areas preparing to include varicella vaccine in their im-
munization programs, the WHO Position Paper’ recommends that
effective surveillance systems be established to assess the varicella
burden prior to introduction and continued monitoring after in-
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troduction. Beijing carried out varicella surveillance as early as five
years before the implementation of the 2-dose schedule, which en-
sured that the impact of the 2-dose vaccination on the incidence
of varicella could be assessed, thus providing experience for other
regions and countries to develop varicella vaccination schedule. In
addition, it should be noted that vaccination can significantly re-
duce the incidence of varicella but coverage must be maintained
consistently at a certain level.8-?

After the implementation of the 2-dose vaccination schedule,
the infection age tends to shift to the older age groups in Chaoyang
District. Firstly, the median age of onset showed an upward trend
year by year, from 8 years old in 2007 to 22 years old in 2019.
Secondly, the incidences of 35-39 years and 40-44 years increased
after implementation. It is thought that widespread childhood vac-
cination reduces risk of infection, leading to an increase in the av-
erage age of exposure to Varicella-Zoster Virus (VZV).!° An upward
shift in age of infection should be given attention, because adult
patients with varicella have more severe symptoms, higher risk of
death and complications compared to children.”

Another change in the epidemiology of VZV after implemen-
tation is that the incidence of 1-year-old children is significantly
higher than before implementation. This was not observed in pre-
vious studies®-#, because those studies analyzed age-specific data
before and after implementation using the age interval of 3-5
years. It should be noted that the initial age for the first dose af-
ter implementation is 18 months by the technical guideline, while
which before implementation is 12 months by the instructions of
manufacturers. Further studies are needed to determine whether
this change is associated with increased morbidity in the 1-year-
old group. It also suggests that children should receive varicella
vaccine in time to reduce the risk of infection.

To sum up, the implementation of the recommended guideline
for two doses of varicella vaccine has led to a dramatic decline in
varicella incidence in Chaoyang District, especially among the tar-
get group (5-9 years old) of the second dose. However, there are
two noteworthy changes in the epidemiological characteristics af-
ter implementation, one is that the median age of varicella infec-
tion has shifted to adults, the other is that the incidence rate of
1-year-old children has increased.

Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.jinf.2021.07.035.

References

[1]. Quinn H.E., Gidding H.F,, Marshall H.S., Booy R, Elliott E.J., Richmond P.. Vari-
cella vaccine effectiveness over 10 years in Australia; moderate protection
from 1-dose program. J Infect 2019;78:220-5 https://doi.org/. doi:10.1016/j.jinf.
2018.11.009.

. Beijing center for disease control and prevention. the technical guideline of
varicella vaccine uses in Beijing. Chin J Prev Med 2013;47:67-9 In Chinese.

Fu ], Jiang C, Wang J., Zhao F, Ma T, Shi R.. Epidemiology of vari-
cella in Haidian district, Beijing, China-2007-2015. Vaccine 2017;35:2365-71
https://doi.org/. doi:10.1016/j.vaccine.2017.03.044.

[4]. Pan X, Ma R,, Fang T., Dong H., Xu G.. Impact of a 2-dose varicella vaccination
strategy on the incidence of varicella in Ningbo city. Chin J Vaccines Immun
2018;24:434-6 In Chinese.

Lopez AS., Zhang ]., Marin M.. Epidemiology of varicella during the 2-dose
varicella vaccination program - United States, 2005-2014. MMWR Morb Mortal
Wkly Rep 2016;65:902-5 https://doi.org/. doi:10.15585/mmwr.mm6534a4.
GarciaCenoz M., Castilla J.,, Chamorro J., Martinez-Baz I., Martinez-Artola V.,
Irisarri F. Impact of universal two-dose vaccination on varicella epidemiology
in Navarre, Spain, 2006 to 2012. Euro Surveill 2013;18:20552 https://doi.org/.
doi:10.2807/1560-7917.es2013.18.32.20552.

[7]. . Varicella and herpes zoster vaccines: WHO position paper, June 2014-
Recommendations. Vaccine 2016;34:198-9 https://doi.org/. doi:10.1016/j.
vaccine.2014.07.068.

Brisson M., Edmunds WJ]., Gay NJ., Law B., De Serres G.. Modelling the impact
of immunization on the epidemiology of varicella zoster virus. Epidemiol Infect
2000;125:651-69 https://doi.org/. doi:10.1017/s0950268800004714.

121.

B3I

[5].

[6].

8].

[9]. Gidding H.F, Brisson M., Macintyre C.R., Burgess M.A.. Modelling the impact
of vaccination on the epidemiology of varicella zoster virus in Australia. Aust
N Z ] Public Health 2005;29:544-51. doi:10.1111/j.1467-842x.2005.tb00248 x.

[10]. Edmunds W.J., Brisson M.. The effect of vaccination on the epidemiology of
varicella zoster virus. J Infect 2002;44:211-19 https://doi.org/. doi:10.1053/jinf.
2002.0988.

Hongyu Wang!

Baotou Medical College, Inner Mongolia University of Science and
Technology, Baotou, China

Chaoyang District Center for Disease Control and Prevention, Beijing,
China

Fang Liu!, Yang Cao, Nan Zhang
Chaoyang District Center for Disease Control and Prevention, Beijing,
China

*Corresponding Author.
E-mail address: 1iu1210@126.com (F. Liu)

1 Both authors contributed equally to this work
Accepted 26 July 2021
Available online 29 July 2021

https://doi.org/10.1016/j.jinf.2021.07.035

© 2021 The British Infection Association. Published by Elsevier
Ltd. All rights reserved.

Emergence of novel recombinant type 2 porcine "
reproductive and respiratory syndrome viruses with high ===
pathogenicity for piglets in China

Dear editor:

Several studies in this journal reported genetic diversity of
African swine fever virus (ASFV) genomes and suggested ASFV was
a potential threat to unaffected countries in Asia.'~> Porcine repro-
ductive and respiratory syndrome (PRRS), caused by porcine repro-
ductive and respiratory syndrome virus (PRRSV), is another swine
viral disease causing huge economic losses to the global swine in-
dustry.* PRRSV is an enveloped, positive-strand RNA virus under
the family Arteriviridae. This virus is divided into major types, the
North American type 2 and the European type 1, with VR-2332 and
Lelystad as prototypical strains, respectively.” Emergence of novel
PRRSV strains have caused many outbreaks of severe PRRS.5 Since
2013, several PRRSV NADC30-like strains, sharing a unique discon-
tinuous deletion of 131 aa in non-structural protein 2 (nsp2), have
emerged in China and caused outbreaks.” In 2020, a novel PRRSV
variant, with a 142aa deletion in nsp2, emerged in north China. Via
this letter we report the unique genetic characteristics of this novel
PRRSV variant and its pathogenicity for piglets.

During July to October 2020, severe outbreaks of PRRS with
100% morbidity and approximately 70% mortality were observed
on different pig farms in Wuqing, Beichen, and Baodi districts of
Tianjin, China. The infected nursery piglets showed high fever (41—
42 °C) and respiratory disorders characterized by coughing, dys-
pnea, and tachypnea. Moreover, the above PRRS-infected swine
farms showed a significant increase of secondary infections of
bacterium, including Haemophilus parasuis, Streptococcus suis, My-
coplasma hyopneumoniae, etc.

Using real-time PCR tests, the serum samples collected in the
detected swine farms in Wugqing districts of Tianjin was con-
firmed to be positive for PRRSV and negative for African swine
fever virus (ASFV). Then the above serum samples were inoculated
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into porcine alveolar macrophages (PAMs) cells as described pre-
viously for virus isolation.® The strain, designated TJwq2020, was
subsequently isolated and the full-length genomic sequence was
determined. The genome of TJwq2020 has a size of 14.987 kg-
bases (excluding the poly (A) tail), and shares 84.8 and 60.7% se-
quence identity with VR2332 and LV, respectively. This indicates
that TJwq2020 belongs to the type 2 PRRSV. The amino acid align-
ment of the Nsp2 of TJwp2020 showed that TJwq2020 had a
new deletion pattern of “111-aa+11-aa+1-aa+19-aa” in its Nsp2-
coding region (nt322- nt432, nt466-nt476, nt483, nt504-nt522)
when compared with the sequence of VR-2332. This deletion of
the nsp2 of TJjwq2020 is a novel deletion compared to that of pre-
vious PRRSV isolates.

To establish the genetic relationships between TJwq2020 and
other PRRSV strains, phylogenetic trees were constructed using the
neighbor-joining method.? The results showed that TJwq2020 is
clustered as lineage 1 (Chsx1401-/NADC30- /MN184-like) based on
the full-length genome, but clustered as lineage 8 (JXA1- [HB-
1/CH-1a-like) based on 5'UTR and Nsp4-8. These results indi-
cate that mosaic recombination events may have occurred in the
genome of the TJwq2020 isolate. To test this hypothesis, a software
approach was used to detect possible recombination events within
TJwq2020.

The similarity comparisons were performed by using Sim-
Plotv3.5.1 software to identify possible recombination events.!?
Based on a set of complete genome sequences of various PRRSV
strains, including lineage 1 strains (Chsx1401, NADC30, MN184C),
and lineage 8 strains (JXA1, HB-1, CH-1a), the SimPlot graph clearly
showed that TJwq2020 is closer to NADC30 than to any other
strains. However, there were 2 narrow zones showing dispro-
portionately low levels of similarity between the 2 strains com-
pared to other regions (Fig. 1). Notably, the 2 narrow zones of
TJwq2020 had high levels of similarity with HB-1 (a lineage 8.1
strain, isolated in Hebei, China in 2002). These results indicate that
TJwq2020 is a recombinant possibly between parental-like strains
NADC30 and HB-1. The recombination mechanism was further an-
alyzed by Bootscan.

Three potential recombination breakpoints were identified,
which were located in Nsp1l (nt728), Nsp3 (nt5337) and Nsp9
(nt7992). The breakpoints separated the genome into four re-
gions, where region A (nt1-nt728) and region C (nt5337-

nt7992) were closely related to lineage 8 (JXA1-/HB-1-/CH-1a-like)
strain, whereas region B (nt729-nt5336) and region D (nt7993-
nt14987) were closely related to lineage 1 (CHsx1401-/NADC30-
/MN184-like). This evidence further supported the hypothesis that
TJwq2020 is a natural recombinant between NADC30 (lineagel
strain) and HB-1(lineage 8 strain).

To determine the pathogenicity of TJqw2020, ten 4-week-old
piglets were randomly divided into two groups (n = 5). The piglets
in challenge group (n = 5) were inoculated intramuscularly (1 ml)
and intranasally (2 ml) with TJqw2020-F3 (2 x 10%*° TCIDs, in
3 ml per pig). The negative control group piglets were mock in-
fected with 3 ml of DMEM. The inocula were free of bacteria, My-
coplasma, ASFV, CSFV, PCV2, and SIV. The rectal temperature and
clinical signs of the piglets were daily recorded. Serum samples
were collected on 0, 3, 5, 7, 10, 14 and 21 days post inoculation
(dpi) for PRRSV N protein antibody detection (IDEXX, USA, and the
cut off value of S/P was 0.4). The piglets died or were euthanized
on 21 dpi, and were necropsied for histopathologic examinations.

The rectal temperature of piglets in the TJwq2020-inoculated
group exhibited short duration of fever (40.2 °C) at 1-3 dpi
and then stayed normal for consecutive 5 days. However, the
TJwq2020-inoculated piglets showed high and continuous fever
from 9 dpi to 14 dpi (Fig. 2A) with severe symptoms of dis-
ease progress, such as cough, anorexia, and red discoloration of
the body. The antibody was detected in 40.0% (2/5) of TJjwq2020-
inoculated piglets at 3dpi with lower antibody levels (compared
to antibody of inoculated piglets at 10 dpi and 14 dpi) and con-
verted antibody negative at 5 dpi and 7 dpi. On 10 dpi, 100% (5/5)
of the TJwq2020- inoculated piglets’ serum samples were tested
antibody positive (Fig. 2B). Severe interstitial pneumonia with ex-
tensive and marked pulmonary edema, hemorrhage and consolida-
tion were observed in TJwq2020-inoculated piglets, and fibrinous
pneumonia and pericarditis were also found at necropsy of dead
piglets (data not shown). 100% (5/5) piglets died within 14 days
after the TJwq2020 inoculation (Fig. 2C). No obvious clinical signs
were observed in the control group during the entire experiment
period.

In summary, we isolated TJwq2020, a novel PRRSV variant with
a unique continuous deletion of 142aa in Nsp2 in China. We
demonstrated that this TJwq2020 is a natural recombinant be-
tween NADC30 (lineage1 strain) and HB-1 (lineage 8 strain). Exper-
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Fig. 1. Recombination event analyses of the TJwq2020 strain of porcine reproductive and respiratory syndrome virus (PRRSV). Similarity plot analysis using TJwq2020 as
query sequence. Analysis made use of a sliding window of 200 bases and a step size of 20 bases. The y-axis shows the percentage similarity between the selected PRRSV

sequences and the query sequence. The other comparisons are not shown for clarity.
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iments in piglets demonstrated that TJqw2020 is a highly virulent
strain. Our study suggests that recombination might be responsible
for the varying pathogenicity of type 2 PRRSV strains, and high-
lights the importance of monitoring highly virulent recombinant
PRRSV strains.
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Infection-enhancing anti-SARS-CoV-2 antibodies recognize )
both the original Wuhan/D614G strain and Delta variants. |
A potential risk for mass vaccination?

Dear editor,

The aim of the present study was to evaluate the recognition
of SARS-CoV-2 Delta variants by infection enhancing antibodies di-
rected against the NTD. The antibody studied is 1052 (pdb file
#7LAB) which has been isolated from a symptomatic Covid-19 pa-
tient!. Molecular modeling simulations were performed as previ-
ously described?. Two currently circulating Delta variants were in-
vestigated, with the following mutational patterns in the NTD :

- G142D/E154K (B.1.617.1)
- TI9R/E156G/del157/del158/A222V (B.1.617.2)

Each mutational pattern was introduced in the original
Wuhan/D614G strain, submitted to energy minimization, and then
tested for antibody binding. The energy of interaction (AG) of the
reference pdb file #7LAB (Wuhan/D614G strain) in the NTD region
was estimated to —229 kJ/mol~!. In the case of Delta variants, the
energy of interaction was raised to —272 k].mol~! (B.1.617.1) and
—246 k].mol~! (B.1.617.2). Thus, these infection enhancing antibod-
ies not only still recognize Delta variants but even display a higher
affinity for those variants than for the original SARS-CoV-2 strain.

The global structure of the trimeric spike of the B.1.617.1 vari-
ant in the cell-facing view is shown in Fig. 1A. As expected, the
facilitating antibody bound to the NTD (in green) is located behind

C
Ab-1052

GM1 raft

Ab-1052

Ab-1052

A

GM1 raft

GM1 raft

GM1 raft

Fig. 1. Infection enhancing antibodies recognize the NTD of Delta variants. A.
Molecular model of the Delta B.1.617.1 spike trimer as viewed from the host cell
surface (chains A, B and C in cyan, yellow and purple, respectively), with the NTD
and RBD of each chain indicated. The 1052 antibody is in green. B. Spike trimer
with the B subunit bound to a lipid raft (with 6 ganglioside GM1 molecules). C.
Trimolecular [spike-antibody-raft] complex. D. Focus on the NTD-antibody complex
bound to the lipid raft. E. Secondary structures of the NTD (yellow) and the anti-
body (green) bound to lipid raft gangliosides. F. The 1052 antibody clamps the NTD
and the edge of the lipid raft.
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Fig. 2. Neutralization vs ADE balance according to SARS-CoV-2 strains.

the contact surface so that it does not interfere with virus-cell at-
tachment. Indeed, a preformed antibody-NTD complex could per-
fectly bind to the host cell membrane. The interaction between the
NTD and a lipid raft is shown in Fig. 1B, and a whole raft-spike-
antibody complex in Fig. 1C. Interestingly, a small part of the anti-
body was found to interact with the lipid raft, as further illustrated
in Figs. 1D-E. More precisely, two distinct loops of the heavy chain
of the antibody encompassing amino acid residues 28-31 and 72-
74, stabilize the complex through a direct interaction with the edge
of the raft (Fig. 1F). Overall, the energy of interaction of the NTD-
raft complex was raised from —399 k].mol~! in absence of the an-
tibody to —457 k].mol~! with the antibody. By clamping the NTD
and the lipid raft, the antibody reinforces the attachment of the
spike protein to the cell surface and thus facilitates the conforma-
tional change of the RBD which is the next step of the virus infec-
tion process?.

This notion of a dual NTD-raft recognition by an infection en-
hancing antibody may represent a new type of ADE that could
be operative with other viruses. Incidentally, our data provide a
mechanistic explanation of the FcR-independent enhancement of
infection induced by anti-NTD antibodies'. The model we propose,
which links for the first time lipid rafts to ADE of SARS-CoV-2, is in
line with previous data showing that intact lipid rafts are required
for ADE of dengue virus infection®.

Neutralizing antibodies directed against the NTD have also been
detected in Covid-19 patients*?. The 4A8 antibody is a major rep-
resentant of such antibodies®. The epitope recognized by this an-
tibody on the flat NTD surface is dramatically affected in the NTD
of Delta variants?, suggesting a significant loss of activity in vacci-
nated people exposed to Delta variants. More generally, it can be
reasonably assumed that the balance between neutralizing and fa-
cilitating antibodies may greatly differ according to the virus strain
(Fig. 2).

Current Covid-19 vaccines (either mRNA or viral vectors) are
based on the original Wuhan spike sequence. Inasmuch as neu-
tralizing antibodies overwhelm facilitating antibodies, ADE is not a
concern. However, the emergence of SARS-CoV-2 variants may tip
the scales in favor of infection enhancement. Our structural and
modeling data suggest that it might be indeed the case for Delta
variants.

In conclusion, ADE may occur in people receiving vaccines
based on the original Wuhan strain spike sequence (either mRNA
or viral vectors) and then exposed to a Delta variant. Although
this potential risk has been cleverly anticipated before the mas-
sive use of Covid-19 vaccines®, the ability of SARS-CoV-2 antibodies
to mediate infection enhancement in vivo has never been formally
demonstrated. However, although the results obtained so far have
been rather reassuring!, to the best of our knowledge ADE of Delta
variants has not been specifically assessed. Since our data indicate
that Delta variants are especially well recognized by infection en-
hancing antibodies targeting the NTD, the possibility of ADE should

be further investigated as it may represent a potential risk for mass
vaccination during the current Delta variant pandemic. In this re-
spect, second generation vaccines’ with spike protein formulations
lacking structurally-conserved ADE-related epitopes should be con-
sidered.
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Changes in the pathogenic spectrum of acute respiratory )

tract infections during the COVID-19 epidemic in Beijing, %=
China: A large-scale active surveillance study

Dear editor,

Poole and colleagues demonstrated the impact of coronavirus
disease 2019 (COVID-19) pandemic on the epidemiology of general
respiratory viruses.! The prevalence of non-SARS-CoV-2 viruses
during the COVID-19 epidemic has not been wildly reported in
China. We conducted to analyze the surveillance data of respira-
tory pathogens to explore the impact of public health measures
against COVID-19 on the prevalence of non-SARS-CoV-2 pathogens
in China.

Among 41,630 acute respiratory tract infections (ARTIs) be-
tween 01/02/2015 and 31/01/2021 in 35 hospitals from the Respi-
ratory Pathogen Surveillance System (detailed in Supplemental ma-
terials), 37,490 (25,658 adults and 11,832 children) occurred before
the COVID-19 epidemic (01/02/2015-31/01/2020), and 4140 (3379
adults and 761 children) occurred during the COVID-19 epidemic
(01/02/2020-31/01/2021) (Fig. 1A-B).

All 41,630 cases were tested for 11 respiratory tract pathogens
and 13,630 (32.74%, 95% CI 32.29% to 33.19%) had at least one
positive result. Before the COVID-19 epidemic, the most common
pathogen among the positive cases was influenza virus (IFV), fol-
lowed by mycoplasma pneumoniae (MP), human parainfluenza virus
(HPIV), human rhinovirus (HRV), enterovirus (EV), respiratory syn-
cytial virus (RSV), seasonal human coronavirus (HCoV), human
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Fig. 1. Spatial and temporal distribution of the samples and pathogenic spectrum from acute respiratory tract infections before the COVID-19 and during the COVID-19.

A, the distribution of 35 sentinel hospitals. The red dot represents the location of the hospital.

B, the monthly distribution of samples. The red line represents the number of samples from ARTI during the epidemic of the COVID-19. The black line represents the mean
number of samples from ARTI before the epidemic of the COVID-19. The long dash gray line represents the max number of samples from ARTI before the epidemic of the
COVID-19. The dot dash gray line represents the min number of samples from ARTI before the epidemic of the COVID-19. The blue column represents the number of the

COVID-19 patients using the right vertical axis.

C, the pie chart for pathogenic spectrum of acute respiratory tract infections before the COVID-19; D, the pie chart for pathogenic spectrum of acute respiratory tract
infections during the COVID-19; E, the column chart for pathogenic spectrum of acute respiratory tract infections for the children; F, the column chart for pathogenic

spectrum of acute respiratory tract infections for the adults.

E-F, the gray column represents the proportion of the pathogen before the COVID-19; the blue column represents the proportion of the pathogen during the COVID-19, which
decreased compared to that before the COVID-19; the red column represents the proportion of the pathogen during the COVID-19, which increased compared to that before

the COVID-19.

The period between 1 February 2015 and 31 January 2020 for the control was as before the COVID-19 and the period between 1 February 2020 and 31 January 2021 was as

during the COVID-19. COVID-19, coronavirus disease 2019.

metapneumovirus (HMPV), human adenovirus (HAdV), human bo-
cavirus (HBoV) and chlamydia pneumoniae (CP), which changed to
seasonal HCoV, followed by HRV, HPIV, IFV, RSV, EV, HBoV, HMPV,
MP, HAdV and CP during the COVID-19 epidemic (Fig. 1C-F and Ta-
ble S1-S3). SARS-CoV-2 was not detected. For children, the top five
pathogens were MP, IFV, HPIV, EV and RSV before the COVID-19
epidemic, changing to HPIV, seasonal HCoV, HRV, RSV and IFV. For
adults, the top five pathogens were IFV, MP, HRV, HPIV and sea-
sonal HCoV before the COVID-19 epidemic, changing to seansonal
HCoV, HRV, IFV HPIV and EV. All the other pathogens had distinct
increases in proportions except for IFV.

Before the COVID-19 epidemic, 12,058 (32.16%, 95% CI 31.69%
to 32.64%) were positive for at least one pathogen, which signif-
icantly dropped to 10.97% (95% CI 10.03% to 11.96%) during the
COVID-19 epidemic (P<0.001, Fig. 2A and Table S4). The positive
rates of the top five pathogens were IFV (9.22%), MP (6.77%), HPIV
(4.14%), HRV (3.29%) and EV (2.94%) before the COVID-19 epidemic
and seasonal HCoV (2.42%), HRV (2.17%), HPIV (1.71%), IFV (1.50%)
and RSV (1.23%) during the COVID-19 epidemic. A similar trend
was observed in children (from 41.92% to 20.76%, P<0.001) and in
adults (from 27.66% to 8.76%, P<0.001).

Among all the pathogens, only seasonal HCoV had 20.74% in-
crease in the positive rate, from 2.00% to 2.42% (P = 0.073). The
other 10 pathogens had significant decreases in their positive rates

(all P<0.05). IFV had the largest difference (—7.72%, 95% Cl —8.19%
to —7.25%) in the positive rate decreasing by 83.75% (Fig. 2B).

In children, a significant increase in seasonal HCoV was ob-
served from 1.74% to 3.29% (P = 0.002, Fig. 2A,C and Table S5).
The positive rates of the top five pathogens were MP (9.37%),
IFV (7.43%), HPIV (6.94%), EV (5.09%) and RSV (4.28%) before the
COVID-19 epidemic and HPIV (5.26%), seasonal HCoV (3.29%), HRV
(3.29%), RSV (3.15%) and IFV (1.97%) during the COVID-19 epidemic.
The other nine pathogens showed decreased positive rates but sig-
nificant for IFV, MP, EV, HMPV and HAdV (Fig. 2C).

In adults, seasonal HCoV slightly increased during the COVID-
19 epidemic (P = 0.710, Fig. 2A and Table S6). The positive rates of
the other nine pathogens significantly decreased except for RSV.
The positive rates of the top five pathogens were IFV (10.04%),
MP (5.57%), HRV (2.89%), HPIV (2.85%) and seasonal HCoV (2.12%)
before the COVID-19 epidemic and seasonal HCoV (2.22%), HRV
(1.92%), IFV (1.39%), HPIV (0.92%) and EV (0.89%) during the COVID-
19 epidemic. IFV had the largest difference in the positive rate, fol-
lowed by MP and HPIV (Fig. 2D).

After on 24/01/2020 in Beijing, the overall positive rates of all
pathogens changed according to the implementation of different
levels of PHER (Fig. 2E-P). The positive rates sharply decreased
due to the outbreak of COVID-19 in the Xinfadi Market and in
Shunyi District, Beijing. These results indicated the prevalence of



622 Letters to the Editor/Journal of Infection 83 (2021) 624-635

~=#~—During the COVID-19

A Detection rate B

Mean before the COVID-19 Max before the COVID-19 Min before the COVID-19

o Fea » Althe cases E 2020/02/01 PHER Level |
s P B2 2075 @ : |m L Overall 10 HCoV 1 HPIV
» 097 brs 5 N g g g
= Y A s
H g0 E ) g
™ 5 |4 §° VAN § "
B20 & 3 >/ i S5 Y =3
£ g g , Z k1 Gi-o\
H \ N\ & K 7N B Aoy, T
- R —t R s
Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Fob Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan
H | J 04130 PHER
Hew 15 HRY 10 EV 3 HBoV
g g g
g0 2 g2
£ = 06/06 PHER Level Il
™ . - g A | Efrael
g, X g g, V4 06/16 PHER
8 N, s s H /
@ el — I3 .. I3 S\ pr=—t, \
8 o~ o 8 — G 8 7 ®
! - el “ .
& . A N2 Z
Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan 07/20 PHER Level 11l
RSV N
40 FV 20 MP 10 HMPV
HCoV 3 2 2
c20 = cs
2 & =
B0 \ $s g
3
HMPY 2 a a | 8 |. R N
i .. i 0 < . . o & s et
Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan
HAQY
s HAGV 2 cP 10 RSV,
: 5 2 5
HBoV 24 ry 2
g ® g
re the : creas 5 g1 £
I ccire e covo-t0 o= § 5 £°1a =fll 12725 Shunyi oubreai
- m auring the covin-1o. [l 82 3 | 8 A a |l 2021/01/02 Shijiazhuang Outbreak
I ncrease dung e CoVID-19 @ De % 2 e R g \ 2 \ / G
Overall Children ‘Adults L L * ]

Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan

Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan

Fig. 2. The positive rate and dynamic profiles of the pathogens from acute respiratory tract infection before and during the COVID-19.

A, the positive rate of the pathogens as a whole and in the children and in the adults; the star means the significant difference between the positive rates before and
during the COVID-19 by chi square test; The gray column represents the proportion of the pathogen before the COVID-19; the blue column represents the proportion of the
pathogen during the COVID-19, which decreased compared to that before the COVID-19; the red column represents the proportion of the pathogen during the COVID-19,

which increased compared to that before the COVID-19;

B, the difference (upper half part) and difference proportion (lower half part) between the positive rates before and during the COVID-19 as a whole;

C, the difference (upper half part) and difference proportion (lower half part) between the positive rates before and during the COVID-19 in the children;

D, the difference (upper half part) and difference proportion (lower half part) between the positive rates before and during the COVID-19 in the adults;

B-D, the green column/dot represents the decrease difference/difference proportion; the purple column/dot represents the increase difference/difference proportion; The
difference of positive rates was defined as the positive rate during the COVID-19 minus the positive rate before the COVID-19. The difference proportion (%) was defined as

the difference of positive rate (%) divided by the detection rate before the COVID-19.

E, overall; F, seasonal HCoV; G, HPIV; H, HRV; 1, EV; ], HBoV; K, IFV; L, MP; M, HMPV; N, HAdV; O, CP; P, RSV. The red line represents the positive rate during the epidemic of
the COVID-19. The blue line represents the positive rate before the epidemic of the COVID-19. The long dash gray line represents the max positive rate before the epidemic
of the COVID-19. The dot dash gray line represents the min positive rate before the epidemic of the COVID-19. The right multi-colored strip represents the time line of the
PHER in Beijing during from 1 February 2020 to 31 January 2021. The red part represents the PHER Level I; the yellow part represents the PHER Level II; the light blue part
represents the PHER Level IIl. PHER, public health emerging response. The dark blue column represents the number of the COVID-19 patients in Beijing.

pathogens was closely related to public health measures against
COVID-19.

Four groups were classified according to the dynamic trend of
the positive rate of each pathogen. The positive rates of seasonal
HCoV and HPIV were lower in the early stage of the COVID-19 epi-
demic and increased in the late stage, even exceeding the previous
peak. For HRV, EV and HBoV, the positive rates returned to their
previous levels in the late stage of the COVID-19 epidemic. The
positive rates decreased to lower levels and remained until Jan-
uary 2021 for IFV, MP, HMPV, HAdV and CP. IFV was only detected
in February and March 2020. COVID-19 had a relatively smaller ef-
fect on the positive rate of RSV compared to other pathogens.

Public health measures against COVID-19 and people’s daily be-
havior changed potentially affected the prevalence of other respi-
ratory pathogens.”® The decrease of IFV is closely related to in-
fluenza vaccination as well as the public health measures. More
influenza vaccinations may have effectively reduced the spread
of IFV. The COVID-19 epidemic and the corresponding protective
measures have changed people’s medical behavior, with significant
decreases in non-COVID-19 inpatient and outpatient visits.

Seasonal HCoV became the first pathogen in ARTIs during the
COVID-19 epidemic. Anton et al. reported that the detection rates
of HCoV and HPIV increased after the HIN1 epidemic in Catalonia,
Spain.” Four seasonal HCoVs showed biennial incidence peaks in
winter with alternating peak seasons for 229E and NL63, and 0C43
and HKUT1. Studies showed a biennial trend on the peak prevalence
of seasonal HCoV in Beijing.®” Therefore, the incidence of seasonal
HCoV may have peaked in 2020/2021, which may have been higher
without no public measures for COVID-19. This suggests that we
need to further strengthen the monitoring of HCoV in the future

to prevent a co-epidemic of seasonal HCoV and SARS-CoV-2, espe-
cially when control measures for COVID-19 become normalized.

In general, public health measures against COVID-19 substan-
tially reduced the prevalence of other respiratory pathogens. IFV
decreased from the first to the fourth during the COVID-19 epi-
demic. Seasonal HCoV, which became the first pathogen of ARTIs,
should be strengthened to control to prevent co-circulation with
SARS-CoV-2.

These findings indicated the additional benefits of the public
health measures implemented for COVID-19 in reducing the spread
of other respiratory diseases.
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Preserved C-reactive protein responses to blood stream m
infections following tocilizumab treatment for COVID-19 &

Dear editor,

In this Journal, Rossotti and colleagues provided early data on
tocilizumab utility in COVID-19!, later confirmed in randomised
studies?. Tocilizumab-mediated inhibition of IL-6 signalling can de-
crease CRP concentrations', potentially confounding the diagnosis
of bacterial co-infections in COVID-19 that occur more frequently
following longer hospital stays and admissions to the intensive
care unit (ICU)*->.

In inflammatory arthritides, serial tocilizumab dosing variably
attenuates CRP responses following bacterial infections®, but the
effect following single-dose use in COVID-19 is not defined?’. In a
small COVID-19 cohort with blood stream infections (BSIs) that had
received tocilizumab, CRP was reduced but remained detectable
at the time of BSI diagnosis®. However, CRP kinetics related to
BSI were not assessed, and thus the utility of CRP to guide an-
tibiotic prescribing in this context remains unknown’°. We ad-
dressed this question by testing the hypothesis that a single dose
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Table 1

Baseline demographics and clinical characteristics for patients included in the study.

No BSI & received

BSI & received

BSI & did not receive

tocilizumab(n = 90) tocilizumab(n = 17) tocilizumab(n = 55) p value*
Age, years, median (range) 63 (28-90) 61 (50-78) 63 (31-100) p = 0.383
Gender, n (%)
Male 56 (62) 9 (53) 38 (69) p = 0.253
Female 34 (38) 8 (47) 17 (31)
Ethnicity, n (%)
White 33 (42) 4 (31) 27 (55) p = 0.101
Black 7 (9) 3(23) 7 (14)
Asian 15 (19) 4(31) 7 (14)
Mixed 2(3) 1(8) 0 (0)
Other 21 (27) 1(8) 8 (16)
Charlson co-morbidity score, n (%)
0 57 (63) 4 (24) 27 (49) p = 0.095
1 25 (28) 11 (65) 17 (31)
2 6 (7) 1(6) 7 (13)
3+ 2 (2) 1(6) 4(7)
ICU admission, n (%)
Yes 52 (58) 17 (100) 39 (72) p = 0.015
No 38 (42) 0 (0) 15 (28)
Corticosteroid use, n (%)
Yes 79 (89) 15 (88) 35 (65) p = 0.076
No 10 (11) 2 (12) 19 (35)
BSI organism, n (%)
Gram-negative bacilli N/A 10 (40) 32 (62) p = 0.507
Enterococcus sp. 2 ( 12 (23)
Staphylococcus aureus 4 (16) 7 (13)
Other 1( 1(2)

BSI = blood stream infection.

* relates to statistical comparison between COVID-19 patients who did or did not receive tocilizumab prior to the onset of BSI. Mann-Whitney test was used
to compare age, Fisher’s exact test was used to compare gender and microbiology results, and Chi-square test was used to compare ethnicity and Charlson co-

morbidities.

of tocilizumab for COVID-19 retained CRP responses to bacterial in-
fections, as modelled by BSIs.

We identified patients admitted to Royal Free Hospital (RFH)
between 01/03/2020 and 01/02/2021, aged >18years and diag-
nosed with COVID-19 by RT-PCR detection of SARS-CoV-2 from na-
sopharyngeal swabs. Tocilizumab use originated from routine clin-
ical care delivery or randomised clinical trials after unblinding.
COVID-19 associated BSIs were defined by isolation in blood cul-
tures of any bacteria, excluding coagulase negative staphylococci,
between 14 days prior to and 60 days after COVID-19 diagno-
sis. We excluded patients that developed BSIs prior to receiving
tocilizumab. To assess dynamic CRP responses, we included only
patients with blood parameter measurements performed at least 3
days prior to the onset of BSIs. Clinical, laboratory and drug data
extraction, and statistical analyses were performed as previously
described’. The study was approved by the Research and Innova-
tion Group at RFH, which stated that as this was a retrospective
review of routine clinical data, formal ethics approval was not re-
quired.

Within the COVID-19 patients that met our inclusion crite-
ria, 107 had received tocilizumab, 17 of whom then developed a
BSI during their hospital admission (Table 1). A separate cohort
of 55 COVID-19 patients developed a BSI but had not received
tocilizumab (Table 1). Tocilizumab use preceding BSIs was more
commonly associated with ICU admission, but the BSI organisms
were comparable between the groups (Table 1). In the first week
after tocilizumab administration we observed a rapid fall in CRP
(Fig. 1A), but not for total white cell, neutrophil or lymphocyte
counts (Fig. 1A & fig S1). The CRP reduction following tocilizumab
was short lived, with CRP concentrations rising within 21 days of
tocilizumab receipt (Fig. 1A). To exclude confounding by bacterial
co-infection, a sensitivity analysis on 90 patients that did not de-
velop a BSI following tocilizumab also showed an early reduction
followed by a rebound in CRP (fig S2A). A similar pattern was evi-
dent in patients that developed a BSI, although CRP concentrations

showed less attenuation and greater heterogeneity within the 21-
day period since tocilizumab administration (fig S2B).

To test the hypothesis that CRP would rise following a BSI in-
dependent of prior tocilizumab administration, we compared CRP
responses in 17 patients that had received tocilizumab prior to a
BSI with 55 patients who had not received tocilizumab. Strikingly,
in both cohorts, BSIs resulted in clear CRP elevations (Figs. 1B &
1C). We calculated the change in CRP across the time of BSI onset
to quantitatively compare this CRP rise. As blood samples were not
collected daily in all patients, we derived paired sampling by calcu-
lating maximal CRP values 2 or 3 days prior to BSI-detecting blood
culture collection and maximal CRP up to 2 days after BSI. This
approach revealed an increase in CRP following BSI in 76.5% and
75.0% of patients that had or had not received tocilizumab respec-
tively (Fig. 1D). Moreover, there was no difference in CRP increase
between the groups (median CRP change +88 mg/L vs +76 mg/L
respectively, p = 0.67 by Mann-Whitney test).

As patients developed BSIs at varying times following receipt
of tocilizumab, we tested the hypothesis that BSI-induced CRP
increment would be proportional to the time interval between
tocilizumab administration and BSI onset. However, in the 17
patients that both received tocilizumab and subsequently devel-
oped a BSI, no relationship was observed between the length of
the tocilizumab-BSI interval and the change in CRP (r = 0.1069,
p = 0.6811 by Rank-spearman correlation) (Fig. 1E).

By inhibiting IL-6 signalling, tocilizumab may impact CRP-
guided antibiotic prescribing decisions®>°. However, we demon-
strate that prior administration of a single dose of tocilizumab
does not attenuate CRP responses following a BSI, retaining the
utility of this biomarker to diagnose bacterial co-infections asso-
ciated with COVID-19. These findings have important implications
for tocilizumab-treated COVID-19 patients: first, clinically-indicated
antibiotic prescriptions are unlikely to be delayed, and second, low
CRP levels alone are not an indication for continued prescription of
unnecessary antibiotics, supporting stewardship efforts. Neverthe-
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Fig. 1. Inflammatory marker responses following tocilizumab administration and onset of BSI in COVID-19. (A) CRP concentration (left panel) and white cell count (right
panel) relative to time since tocilizumab administration. All COVID-19 patients receiving tocilizumab included in analysis, independent of a subsequent presence of BSI
(n = 107). (B) CRP concentration over time in patients that received tocilizumab and subsequently developed a BSI (n = 17). (C) CRP concentration of time in COVID-19
patients that developed a BSI but with no prior tocilizumab exposure (n = 55). (D) Change (A) in CRP induced by onset of BSI in COVID-19 patients stratified by prior
receipt of tocilizumab. (E) Relationship between ACRP induced by BSI and time between administration of tocilizumab and the onset of BSI. Violin plots represent frequency
distribution of all samples, with bold and dashed lines representing median and quartile values. All p values were calculated by Mann-Whitney tests.

less, BSI onset did not initiate CRP elevations in all patients, irre-
spective of prior tocilizumab use, emphasising that CRP is only one
contributor to diagnosing incipient bacterial infections.

Despite preserved CRP responses to BSI, tocilizumab transiently
reduced baseline CRP levels, mostly recovering within 21 days. Fur-
thermore, BSI-associated CRP increments were unrelated to time
since tocilizumab, indicating that single tocilizumab dosing may
not completely neutralise IL-6 responses'?, although a role for IL-

6-independent CRP stimuli cannot be excluded. Measuring IL-6 sig-
nalling activity in vivo may predict attenuation of CRP responses
and also inform the need for further tocilizumab dosing in COVID-
197.

Our study was limited by its single-centre and retrospective na-
ture, constraining patient numbers and negating correction for po-
tential confounders. Nevertheless, increased frequency of corticos-
teroid use in tocilizumab recipients could have further attenuated
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CRP responses, counter to our observations. BSIs provided a stan-
dardised definition for bacterial infections, but limited extrapola-
tion to non-BSI settings, an area of required future work to confirm
the generalisability of our findings.

In conclusion, we show that tocilizumab use in severe COVID-
19 preserves elevations in CRP concentration following the onset
of a confirmed bacterial co-infection, as modelled by BSIs. Use of
tocilizumab should not negate judicious, CRP-guided use of antibi-
otics in COVID-19.
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Are COVID-19 susceptibility genes related to lung cancer? q

Checkcfor
Gpaates.

Dear editor,

We read with great interest the recently published letter in
Journal of Infection by Afshar et al., who suggested that the propor-
tion of severe cases and mortality among cancer patients infected
with COVID-19 were higher than those of COVID-19 patients with-
out cancer, due to abnormal autoimmune function.! Meanwhile,
Liang et al. collected and analyzed 2007 cases from 575 hospitals
in China who were diagnosed with COVID-19 and were admitted
to hospital for treatment, and found that 1% of COVID-19 patients
had a history of cancer, which was much higher than the incidence
of cancer in the normal population (0.29%).> However, the COVID-
19 susceptibility of cancer patients remains a subject of consider-
able controversy. Observational studies with different samples have
even come to opposite conclusions. Gallo et al. suggested that the
impaired immune response of cancer patients might be a protec-
tive factor for the cytokine storm caused by COVID-19.> Therefore,
it is necessary to discuss whether susceptibility genes for COVID-19
play a critical role in lung cancers.

In this study, we comprehensively analyzed the genetic alter-
ation, mRNA expression, protein expression, prognosis, immune
infiltration and lung cancer correlation of COVID-19 susceptibil-
ity genes (SLC6A20, LZTFL1, CCR9, FYCO1, CXCR6, XCR1, ABO, RPL24,
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Table 1

Differentially expressed genes in the lung cancer patient cohort of ONCOMINE database.
Gene Fold Change P Cancer type Study Sample
LZTFL1 1.658 0.009 Small Cell Lung Carcinoma Garber Lung 73
TMEM65 1.738 0.001 Squamous Cell Lung Carcinoma  Garber Lung 73
0AS1 3.416 3.00E-4 Lung Adenocarcinoma Bhattacharjee Lung 203
DPP9 2123 0.004 Large Cell Lung Carcinoma Garber Lung 73
RAVER1 1.795 7.92E-17 Lung Adenocarcinoma Selamat Lung 116
IFNAR2 2.027 1.64E-14  Lung Adenocarcinoma Selamat Lung 116

Only genes that were considered to be differentially expressed were shown. The statistically significant differ-
ential expression is defined to be P < 0.05 and Fold Change > 1.5.
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Fig. 1. The protein expression, prognosis, and lung cancer correlation of COVID-19 susceptibility genes. (A) Representative immunohistochemical staining in lung tumor and
normal tissues. (B) Survival curves compared the overall survival of COVID-19 susceptibility genes expression using the cox regression model and log rank test. (C) Correlation

of COVID-19 susceptibility genes expression with lung cancer markers.

FOXP4, TMEMG65, OAS1, KANSL1, TAC4, DPP9, RAVER1, PLEKHA4 and
IFNAR2) in lung adenocarcinoma (LUAD) and lung squamous cell
carcinoma (LUSC).* Among the 17 susceptibility genes, the ge-
netic alteration of RPL24 was as high as 6.37% in LUSC and the
genetic alteration of TMEM65 was as high as 5.48% in LUAD,
suggesting that genetic alteration in these genes greatly affected
the occurrence of lung cancer. Most of COVID-19 susceptibility
genes were differential expression in samples of TCGA lung cancer
datasets, and the differential expression of LZTFL1, TMEM65, OAS1,
DPP9, RAVER1and IFNAR2 were replicated in three cohort studies
(Table 1). Using immunohistochemical staining to validate the pro-
tein expression of lung cancer tissues and normal lung tissues in
the Human Protein Atlas, we observed that six genes, including

SLC6A20, FYCO1, FOXP4, TMEMG65, XCR1 and OAS1, had significantly
different protein expression levels (Fig. 1A).

Subsequently, we used the cox regression model and log rank
test to calculate the impact of COVID-19 susceptibility gene expres-
sion in overall survival (0OS). Whether under the cox model or log
rank test, high expression of FYCO1, CXCR6, XCR1 and TAC4 were
protective factors for LUAD, and TMEM65 and OAS1 were risk fac-
tors for LUAD (Fig. 1B). Finally, we were pleasantly surprised to
find that COVID-19 susceptibility genes were strongly related to al-
most all of the six main immune cells (B cell, CD8+ T cell, CD4+
T cell, macrophage, neutrophil and dendritic cell) in lung cancer,
further confirming the close interaction of COVID-19 with immune
responses in tumors. We also explored the association between
COVID-19 susceptibility genes and known markers of lung cancer
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(P53—TP53 and KRAS) in lung cancer. ABO, DPP9, FOXP4, FY(CO],
LZTFL1, RAVER1, TAC4 and XCR1 were strongly correlated with both
lung cancer markers (Fig. 1C).

In conclusion, we verified the results of COVID-19 Host Genetics
Initiative that individuals with mutations in these two genes re-
lated to lung cancer, DPP9 and FOXP4, increased the risk of severe
COVID-19*. Furthermore, we suggested XCR1, TMEM65 and OAS1
as independent prognostic markers for lung cancer, and supported
the potential partial genetic overlap between COVID-19 and lung
cancer. We provided new insights and research directions for the
diagnosis, treatment and management of lung cancer patients dur-
ing the COVID-19 pandemic.
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Long-lasting immune response to a mild course of )
PCR-confirmed SARS-CoV-2 infection: A cohort study B,

Dear editor,

We read with great interest the paper by Wells et al.! Wells
et al. investigated seroprevalence of SARS-CoV-2 antibodies in a

cohort of 431 non-hospitalized UK twins (mean age = 48.38, SD
= 28; 85.1% female), who systematically reported the presence
or absence of COVID-19 symptoms on many occasions through
time via an ad-hoc study app. Their results indicated that 51 of
the 431 individuals (11.8%) were seropositive with IgG response to
both N and S proteins 4-fold above the background of the assay.
Within the group of seropositive individuals with complete symp-
tom data (n = 48), there were 35 participants (72.9%) with core
symptoms (defined as anosmia, cough and fever) and 13 (27.1%)
without core symptoms. Among these 13, 9 (18.7%) participants
were fully asymptomatic. This finding is particularly relevant, as
it shows that also participants with an asymptomatic course of the
disease developed antibodies against SARS-CoV-2. While the lon-
gitudinal assessment of symptoms with the app allowed to track
the clinical course of the disease, a major limitation of the study
by Wells et al.! is that SARS-CoV-2 infection was not confirmed by
real-time polymerase chain reaction (RT-PCR) at symptom onset.
Therefore, the time interval between infection and sample collec-
tion was unknown. This is an important source of variability that
likely affected the estimated percentage of seropositive individuals.
Moreover, the cohort comprised related individuals (twins), whose
immune response to exposure to SARS-CoV-2 was probably corre-
lated to some extent.? It follows that observations were not inde-
pendent and this probably affected results. Nevertheless, the idea
of studying the immune response against SARS-CoV-2 in individ-
uals who underwent a mild course of COVID-19 is of pivotal im-
portance, because mild cases represent the most typical manifesta-
tion of this disease and many infections are even asymptomatic.>#
Previous studies described the longitudinal stability of immunity
against SARS-CoV-2 mostly in hospitalized COVID-19 patients with
mixed clinical profiles (mild, moderate or severe symptoms), using
different laboratory methods for the analysis of antibodies (see for
example®~?). Therefore, knowledge about the longitudinal stability
of the immune response in mild and asymptomatic SARS-CoV-2 in-
fections is limited.

We present recent findings from a cohort of COVID-19 conva-
lescent individuals that partly replicate and extend the evidence
by Wells et al." We collected blood plasma samples to determine
pan-IG antibody titre from a cohort of 326 non-hospitalized volun-
teers (median age = 42 years, IQR = 31-52; 61.7% females) tested
positive for SARS-CoV-2 by RT-PCR between February 2020 and
January 2021. Samples of serum, lithium heparin plasma, sodium
citrate plasma, EDTA plasma and EDTA buffy coat were collected
at the baseline visit after remission of SARS-CoV-2 infection (me-
dian = 66 days, IQR = 42.0-111.8 between infection and baseline
visit) and 1, 2, 5 and 12 months after the baseline visit. Clinical
symptoms of COVID-19, demographic characteristics, lifestyle, and
comorbidities were collected by study physicians via an electronic
questionnaire at the baseline visit. Antibody levels were deter-
mined with the Elecsys® Anti-SARS-CoV-2 (pan-Ig qualitative test
against the viral nucleocapside protein, positive if > 1 COI) and the
Elecsys®Anti-SARS-CoV-2 S assays (pan-Ig quantitative test against
the receptor-binding domain of the viral spike protein S1-ab, posi-
tive if > 0.8 U/ml) (Roche Diagnostics, Rotkreuz, Switzerland). Data
and sample collection for late timepoints is still ongoing. Samples
collected after the date of first vaccination were censored.

Overall, 300 (92.0%) participants experienced COVID-19 core
symptoms (at least one among fever, cough, dyspnea, ageusia and
anosmia during the course of the disease), 26 (8.0%) did not; 88
participants (27.0%) presented with comorbidities and they were
equally distributed among individuals with/without core symp-
toms. A clinically relevant finding is the high proportion of individ-
uals with long-lasting symptoms: After a median time of 38 days
post infection (IQR = 14-84 days), 218 participants (66.9%) still had
symptoms. The most common were fatigue (N = 134, 41.1%), dys-
geusia (N = 77, 23.6%), headache (N = 76, 23.3%), anosmia (N = 65,


http://refhub.elsevier.com/S0163-4453(21)00434-5/sbref0001
http://refhub.elsevier.com/S0163-4453(21)00434-5/sbref0001
http://refhub.elsevier.com/S0163-4453(21)00434-5/sbref0001
http://refhub.elsevier.com/S0163-4453(21)00434-5/sbref0001
http://refhub.elsevier.com/S0163-4453(21)00434-5/sbref0001
http://refhub.elsevier.com/S0163-4453(21)00434-5/sbref0001
http://refhub.elsevier.com/S0163-4453(21)00434-5/sbref0001
http://refhub.elsevier.com/S0163-4453(21)00434-5/sbref0002
http://refhub.elsevier.com/S0163-4453(21)00434-5/sbref0002
http://refhub.elsevier.com/S0163-4453(21)00434-5/sbref0002
http://refhub.elsevier.com/S0163-4453(21)00434-5/sbref0002
http://refhub.elsevier.com/S0163-4453(21)00434-5/sbref0002
http://refhub.elsevier.com/S0163-4453(21)00434-5/sbref0002
http://refhub.elsevier.com/S0163-4453(21)00434-5/sbref0002
http://refhub.elsevier.com/S0163-4453(21)00434-5/sbref0002
http://refhub.elsevier.com/S0163-4453(21)00434-5/sbref0003
http://refhub.elsevier.com/S0163-4453(21)00434-5/sbref0003
http://refhub.elsevier.com/S0163-4453(21)00434-5/sbref0003
http://refhub.elsevier.com/S0163-4453(21)00434-5/sbref0003
http://refhub.elsevier.com/S0163-4453(21)00434-5/sbref0003
http://refhub.elsevier.com/S0163-4453(21)00434-5/sbref0003
http://refhub.elsevier.com/S0163-4453(21)00434-5/sbref0003
http://refhub.elsevier.com/S0163-4453(21)00434-5/sbref0003
https://www.nature.com/articles/s41586-021-03767-x
mailto:huyang@hit.edu.cn
https://doi.org/10.1016/j.jinf.2021.08.032
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2021.08.030&domain=pdf

Letters to the Editor/Journal of Infection 83 (2021) 634-635 629
Table 1.
Results of the quantitative antibody assay (U/ml) in the whole cohort and in each subgroup.
Baseline (Visit 1) Visit 2 Visit 3 Visit 4
N Median (Q1, Q3) N Median (Q1, Q3) N Median (Q1, Q3) N Median (Q1, Q3)
Whole cohort 320 48.7 (14.9, 161.0) 241 68.8 (27.7, 189.0) 146 94.7 (37.6, 311.5) 90 131.5 (51.3, 421.5)
Participants with early baseline visit 84 114 (3.0, 35.8) 74 36.5 (12.8, 89.5) 35 37.3 (16.8, 95.8) 2 42.2 (41.0, 43.5)
Participants with late baseline visit 236 72.2 (27.5, 213.0) 167 89.2 (37.8, 300.0) 111 115.0 (49.9, 381.5) 88 132.5 (59.9, 437.0)
Participants with core symptoms 296 50.0 (16.5, 173.8) 223 70.5 (29.2, 209.5) 137 94.9 (384, 314.0) 86 144.0 (50.0, 467.0)
Participants without core symptoms 24 27.6 (2.1, 83.0) 18 45.8 (7.2, 83.9) 9 56.1 (28.4, 95.7) 4 76.5 (71.3, 90.5)
Participants without comorbidities 235 39.4 (12.2, 111.5) 176 50.4 (22.1, 146.8) 107 771 (324, 250.0) 61 117.0 (42.7, 415.0)
Participants with comorbidities 85 94.1 (42.6, 232.0) 65 122.0 (55.8, 319.0) 39 177.0 (80.3, 434.5) 29 221.0 (79.9, 579.0)

Note. Visits 2, 3, 4 occurred 1, 2, 5 months after the baseline (visit 1), respectively. * Five observations were censored due to vaccination already at baseline (visit 1). The
value of the quantitative antibody assay of the first visit was missing for one participant.

1000

1001

Quantitative antibody assay (U/ml)

0 50 100 150 200 250 300
Time (days) since first positive PCR test

Fig. 1. Kinetics of the antibody response as a function of time since the first pos-
itive PCR test. Antibody levels are shown on a log10-scale on the y-axis. The blue
line (with a gray band for the 95% confidence interval) is the output of Local Poly-
nomial Regression Fitting (LOESS). Please note that, to improve data visualization,
one observation at day 360 was excluded from the plot.

19.9%), nasal congestion (N = 56, 17.2%) and dyspnea (N = 54,
16.6%).

Results of antibody tests revealed very high positivity rates
(qualitative assay at baseline visit positive in 303 of 321! individu-
als, 94.4%; quantitative antibody assay at baseline visit positive in
310 of 3202 individuals, 96.9%) and these increased through time,
reaching 96.7% and 100% positivity rates by visit 4 for the qualita-
tive and the quantitative assays, respectively.

To account for variability in the time lag between the first PCR
test and the baseline visit (visit 1), participants were subdivided
into 2 groups: Individuals with baseline visit within 42 days since
the first PCR test (early baseline visit group) and individuals with
baseline visit occurring more than 42 days since the first PCR test
(late baseline visit group). Table 1 shows median (IQR) of the quan-
titative antibody assay in the whole cohort (see also Fig. 1) and in
the different subgroups. We modeled the longitudinal variation of
quantitative antibody titres through time with linear mixed effects
models, adding a random intercept and a random slope to account
for the random variation of individual time trajectories. Results re-
vealed a significant positive association between log-transformed
antibody quantitative titre and time since the first PCR test (esti-
mate = 1.07, p < 0.001). The effect of the baseline visit group was
also significant: The late group generally had higher antibody lev-
els than the early group (estimate = 1.38, p < 0.001). The presence
of core symptoms (estimate = 0.52, p < 0.001) and of comorbidi-
ties (estimate = 0.30, p < 0.001) was related to higher antibody

1 Five observations were censored due to vaccination already at baseline (visit 1).
2 The value of the quantitative antibody assay of the first visit was missing for
one participant.

levels. The interaction between time and the early/late baseline
visit group was significant (estimate = —0.61, p < 0.001), indicat-
ing that the increase in the antibody levels was steeper in the early
vs. late baseline group.

Taken together, our results indicate a strong and persistent im-
mune response against SARS-CoV-2 infection in individuals who
recovered from a mild course of COVID-19 for up to 8 months
post infection. Importantly, our findings are in line with a recent
study'® that used the very same quantitative anti-RBD antibody
assay as we did and reported a robust and persistent antibody
response after six months post infection. The titre at the base-
line visit and its change through time was modulated by the time
lag between infection and sampling. In line with Wells et al., we
found that individuals without core symptoms developed immu-
nity against COVID-19, although to a lower degree than individuals
showing core symptoms, and it persisted through time.

In the framework of this ongoing pandemic, our study high-
lights the importance of high quality research data that arise from
patient and sample collections of biorepositories.
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Clinical, radiographic features and long-term outcomes of )
paradoxical cryptococcosis-associated immune 4
reconstitution inflammatory syndrome secondary to the

ventriculoperitoneal shunt
Dear Editor

Paradoxical immune reactions in cryptococcal meningitis (CM),
also termed as cryptococcal-immune reconstitution inflammatory
syndrome (C-IRIS), occurs in 13%-30% of immunodeficiency in-
dividuals with CM receiving antifungal therapy and antiretrovi-
ral therapy(ART).!"?> However, in recent years, isolated cases and
small case series of IRIS have also been reported in immunocom-
petent CM hosts with varying frequencies.>* IRIS manifestations
include deterioration of clinical manifestations and neuroimaging
abnormalities, as well as changes in cerebrospinal fluid after clin-
ical and/or microbial responses to anti-cryptococcal therapy. Case
reports and small case series reported the use of ventriculoperi-
toneal shunt (VPS) to treat uncontrollable intracranial hyperten-
sion in patients with cryptococcal meningitis with or without hy-
drocephalus.” In this study, we observed the clinical, neuroimaging
and cerebrospinal fluid changes in non-HIV CM patients after VPS.
Our findings reveal the frequency of paradoxical immune reactions
after VPS and its impact on the long-term outcome.

This prospective and observational study was conducted in the
Department of Neurology, the Third Affiliated Hospital of Sun Yat-
sen University from January 2012 to March 2017. We included 25
patients who newly diagnosed with HIV-negative cryptococcal ne-
oformans meningitis and received VP shunt due to uncontrollable
intracranial hypertension or further deterioration of neurological
conditions. Patients will be excluded if they have a history of au-
toimmmune disease or use immunosuppressive medications. All
patients received continuous antifungal therapy (amphotericin B,
diflucan and 5-fluorocytosine) before and after shunting. Patients
were followed up regularly for 24 months after VPS. Clinical evalu-
ation, CSF analysis and neuroimaging examination were completed
at a regular time or during clinical deterioration. The modified
Rankin scale (6-point scoring system) is used to assess disability.

In our study, 22 cases (88%) of CM patients experienced IRIS af-
ter VPS. Compared with paradoxical changes in neuroimaging and
clinical manifestation, paradoxical CSF reactions are more common
(76%, 68%, 88%, respectively). The most common clinical paradox-
ical reaction after VPS is headache (44%). Others include fever,
fatigue, delirium, confusion, seizures, etc. Paradoxical neuroimag-
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Fig. 1. The radiologic spectrum of imaging paradoxical manifestations. Serial axial cranial T2 FLAIR and post-contrast T1 weighted images in representative case (patient 11).
A, MR images before VPS showed leptomeningeal enhancement in the right parietal region. B, MR images 1.5 month after VPS showed more leptomeningeal enhancement
and new lesions in thalamus and corpora quadrigemina. C, MR images 2.5 month after VPS showed the deterioration of the previous manifestation and development of
additional cryptococcoma and new lesions in occipital lobe. D, MR images 5 month after VPS showed the improvement after corticosteroid treatment. Follow-up imaging at
13 month after VPS (E), 25 month after VPS (F) and 31 month after VPS (G).

ing changes include worsening leptomeningeal enhancement (76%),
new parenchymal brain lesions (60%), white matter lesions (56%)
and new or existing enlarged cryptococcoma (20%), etc. The time
for neuroimaging deterioration after VPS is 30 to 60 days, and the
time for improvement of paradoxical neuroimaging lesions is 60
days to 12 months (median 4 months). Representative paradoxical
neuroimaging changes in patient 11 were showed in Fig. 1. Para-
doxical deterioration of cerebrospinal fluid after VPS include in-
creased protein levels (88%), decreased glucose levels (40%), leuko-
cytosis (56%) and/or shift towards polymorphonuclear pleocytosis
(40%) (Table 1). These changes usually peak within 24 weeks after
VPS. In patient 11, paradoxical CSF changes lasted for more than 22
months after the cryptococcal culture was negative, but his clinical
manifestations improved 2 months after VPS.

In the IRIS group, 14 patients (63.6%) were completely im-
proved, while 7 patients (31.8%) had a moderate outcome and 1
patient (4.5%) had a poor outcome. 5 patients with severe IRIS
were misdiagnosed as alternative central nervous system infec-
tions, such as bacterial or tuberculosis infection after VPS. Nine
patients with severe IRIS were injected with prednisone (0.75-

1.5 mg/kg/day) or dexamethasone (10-20 mg/day) for 7-10 days,
and then gradually reduced oral low-dose prednisone for 7 days.
Seven patients improved only after receiving corticosteroids ther-
apy. Two patients received prolonged prednisone treatment for
persistent headache, significant elevation of CSF protein and diffuse
brain lesions, which were 22 months for patient 11 and 4 months
for patient 23, respectively.

Discussion

The reports have shown that the incidence of C-IRIS related
to ART is 13%—30%.!'6 However, in our study, 88% of non-HIV
CM patients had paradoxical IRIS after VP shunt. The most impor-
tant finding of our research is that VPS-related IRIS are very com-
mon. Among paradoxical IRIS, CSF paradoxical reactions are more
common than paradoxical neuroimaging changes and paradoxical
clinical manifestations. Most studies have shown that ART-related
CM-IRIS in HIV patients occurs 1-2 months after the initiation
of ART."7 In our study, clinical paradoxical changes usually occur
within a few days after VP shunt. Paradoxical neuroimaging deteri-
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Table 1
Summary of the changes in the 22 cryptococcal meningitis patients with IRIS
after the VP shunt.

IRIS group (n = 22)

Overall paradoxical reaction, n (%) 22 (88%)
Clinical paradoxical reaction, n (%) 17 (68%)
Headache 11 (44%)
Fever 10 (40%)
Hallucination 5 (20%)
Fatigue 5 (20%)
Worsening consciousness level 3 (12%)
Visual impairment 3 (12%)
Seizure 2 (8%)
CSF paradoxical reaction, n (%) 22 (88%)
High CSF leukocyte count 14 (56%)
High CSF protein 22 (88%)
Low CSF glucose 10 (40%)
Shift towards polymorphonuclear pleocytosis 10 (40%)
Neuroimaging paradoxical reaction in brain, n (%) 19 (76%)
Worsening of leptomeningeal enhancement 19 (76%)
New parenchymal lesion 15 (60%)
New white matter lesion 14 (56%)
New cerebeller lesions 6 (24%)
New or existing enlarged cryptococcoma 5 (20%)

New brain stem lesion 5(
Spinal involvement 5(
Worsening of hydrocephalus 5 (20%
Worsening of vasculitis 2 (
Steriod used in the IRIS group, n (%) 9 (

[RIS=immune reconstitution inflammatory
VP=ventriculoperitoneal; CSF=cerebrospinal fluid.

syndrome;

orations occur 30 to 60 days after VP shunt, and improve from 60
days to 12 months (median 4 months) after VP shunt. Paradoxical
CSF changes usually peak 2-4 weeks after VPS, and may persist
for more than 4 months after CSF cryptococcal culture is negative.
In patient 11, the paradoxical neuroimaging and CSF abnormality
lasted more than 22 months after the cryptococcal culture was
negative, although he was clinically responsive to antifungal ther-
apy and corticosteroid therapy. These three paradoxical reactions
will not occur or recover simultaneously. Paradoxical neuroimag-
ing and CSF changes last longer than paradoxical clinical reactions.
This inconsistency makes IRIS after VP shunt may be misdiagnosed
as treatment failure or alternative CNS infection.

The pathogenesis of CM-IRIS in HIV and non-HIV patients is still
poorly understood. The pathogenesis of ART-related CM-IRIS in HIV
patients is related to the immune restoration after ART treatment.
Antifungal-induced CM-IRIS in immunocompetent hosts has been
proved to have a similar immune response to ART-related IRIS. IRIS
occurs when antifungal therapy reverses the immunosuppressive
state mediated by Th2 phenotypic response.® In our study, timing,
changes in CSF and neuroimaging, and good response to steroid
therapy indicate that the immune response involves VPS-related
IRIS. The main risk factor may be related to the high cryptococ-
cal load before VPS and the rapid decline after VPS. Compared
with the non-IRIS group, the IRIS group had much higher quan-
titative CSF cryptococcal counts before shunt (medium 15,141 vs.
2603 numbers/mL, p = 0.016) and shorter CSF culture-negative
time after shunt (medium 39.9 vs. 150 days, p = 0.000). The re-
sults show that the pathogenesis of VPS-related IRIS is similar to
the immune restoration syndrome in ART-related IRIS. The immune
pathogenesis and prediction of CM-IRIS after VPS are still unclear,
and it is worthy of further study. There are no controlled clinical
trials for the management of CM-IRIS. Recent reports indicate that
there is a good response to corticosteroids in ART-related CM-IRIS
or antifungal-induced CM-IRIS.?-'© Our results also show that cor-
ticosteroid therapy is a good choice for VPS-related IRIS and will
not cause CM recurrence. The dose and duration of corticosteroids

are still inconclusive, and they are usually individualized based on
clinical response.

VP shunt placement is an effective method to continuously re-
lieve uncontrolled ICP, so it is essential to improve the survival rate
and neurological function of CM patients. IRIS related to VPS is
very common. Recognizing that these reactions are the result of an
immune response, not a treatment failure or alternative diagnosis,
is important to avoid inappropriate changes in treatment.
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Genesis, evolution and host species distribution of R
influenza A (H10N3) virus in China Sy

Dear Editor,

A recent article by Wang in the Journal of Infection' confirmed
the first case of human infection with H10N3 avian influenza virus
(AlV) in Zhenjiang, Jiangsu Province, China, in April 2021. Trans-
mission of H10 subtype AlVs from birds to humans is uncommon
but has occurred in history. The first reported human infections
with an H10 subtype influenza virus occurred in Egypt in 2004.2 In
subsequent surveillance, cross-species transmission of subtype H10
influenza virus has been detected occasionally. The most important
of these events were three patients infected with the H10N8 sub-
type influenza virus and two died in China in 2013.> Wang also
analyzed the whole genome of the first human-origin H1I0N3 iso-
late, indicating that this virus is an avian-origin reassortant strain
with the hemagglutinin (HA) and neuraminidase (NA) genes from
H10N3 viruses and six internal genes from H9N2 viruses.! WHO
considered this human case was a sporadic transmission of H10
from avian hosts to humans. However, up to now, there were no
same genotype avian-origin H10N3 viruses having been reported.

During our surveillance for AIVs in China, ten H10N3 viruses
(Table 1) were isolated from chicken tracheal and cloacal swab
samples in live bird markets (LBMs) between December 2019 and
May 2021. We sequenced all eight genes of these ten viruses
to trace the origin and clarify the genetic properties. The result
showed that these avian-origin isolates have a high homology
with human-origin strain A/Jiangsu/428/2021. Phylogenetic anal-
ysis from sequences available in Global Initiative on Sharing all
Influenza Data (GISAID, https://platform.gisaid.org) showed that

Table 1
The data of the avian-origin H10N3 isolates in this study.

H10Nx-HA genes were divided into North America and Eurasian
lineages (Figure 1), similar to other HA subtypes of AlVs. In addi-
tion, it appears that viruses from the Eurasian lineage are more di-
vergent and have formed several sub-lineages. This ten avian-origin
viruses and one human-origin virus belonged to the Eurasian lin-
eage and formed an independent sub-lineage, Group 5 (Figure 1),
showing a large evolutionary distance from other H10 strains. In
addition, human H10NS8 isolated from Jiangxi province in 2013 and
2014 belonged to Group 2 sub-lineage (Figure 1). HyN3 NA genes
were divided into three sub-lineages, North America, Eurasian, and
Mixed (North America and Eurasian). As shown in Supplementary
Figure 1, these novel reassortant H10N3 strains NA belonged to the
Eurasian lineage and also formed an independent sub-lineage like
the HA segment. Phylogenetic analysis suggested that HA and NA
of these HION3 viruses might have independently evolved a con-
siderably longer time in poultry.

Homology analysis of these avian-origin HION3 internal genes
showed that the polybasic protein 2 (PB2), polybasic protein 1
(PB1), polybasic protein (PA), nucleocapsid protein (NP), matrix
protein (M) and nonstructural protein (NS) genes were all derived
from HON2 AlVs. Interestingly, HON2 AlIVs were dominant in LBMs
in China in recent years and donate internal genes for human iso-
lates such as H7N9, HION8 and H5NG6.3> This type of AIV with
HIN2 derived internal genes attracts the attention of the general
public and health professionals in recent years.

We next analyzed the important molecular markers of these
avian-origin and human-origin H10N3 strains. From the Supple-
mentary Table, these strains all had G228S mutation at the recep-
tor binding site of the HA protein, indicating a stronger binding
capacity for human-like receptor binding.® In addition, all strains
harbored PB2-A588V, PB1-1368V and PA-K356R mutations, which
could enhance polymerase activity, viral replication, and virulence
of AIV in mammals.”? Quite unexpectedly, although human-origin
and 6 (6/10) avian-origin H10N3 strains contained avian marker
PB2-627E, four (4/10) avian-origin isolates contained PB2-E627V
mutation, which was found previously to function as an interme-
diate between 627E and 627K on the H7N9 genetic background.!®
These mammalian molecular markers suggest that these H10N3
viruses may have an even higher capacity for mammalian adap-
tion, especially the strains containing PB2-627V.

Different host species carried distinct major AIV subtypes. We
downloaded all the H10 strains information from GISAID database
and analyzed their host distribution. As shown in Supplementary
Figure 2A, H10 subtype AIVs were mainly isolated from water-
fowl (87.50%, 1421/1624), other hosts include terrestrial poultry
(6.53%, 106/1624), nonhuman mammals (0.43%, 7/1624) and hu-
mans (0.43%, 7/1624). The top three NA subtypes in the H10 strains
were N7 (49.75%, 808/1624), N3 (10.16%, 165/1624) and N8 (9.11%,
148/1624). While as shown in Supplementary Figure 2B, H10N3
AlVs were also mainly isolated from waterfowl (88.27%, 143/162),

Strains Host Collection date  Collection province  Accession numbers'

A/chicken/Jiangsu/0104/2019 chicken  2019.12 Jiangsu EPI1751735 - EPI1751742
A/chicken/Jiangsu/0110/2019 chicken  2019.12 Jiangsu EPI1751743 - EPI1751750
A/chicken/Guangxi/HD58/2020  chicken ~ 2020.11 Guangxi EPI11884738 - EP11884746
A/chicken/Jiangsu/0178/2021 chicken  2021.01 Jiangsu EP11884747 - EP11884754
A/chicken/Zhejiang/Z]79/2021 chicken  2021.04 Zhejiang EPI1884755 - EPI1884762
A/chicken/Zhejiang/HY25/2021 chicken  2021.04 Zhejiang EPI11884763 - EP11884770
A/chicken/Jiangsu/HY401/2021 chicken  2021.04 Jiangsu EPI11884771 - EP11884778
A/chicken/Jiangsu/JS74/2021 chicken  2021.05 Jiangsu EP11884779 - EP11884786
Al/chicken/Zhejiang/HY26/2021 chicken  2021.05 Zhejiang EP11884787 - EP11884794
A/chicken/Zhejiang/0132/2021 chicken  2021.05 Zhejiang EPI11884795 - EP11884802

T Nucleotide sequences of avian-origin H10N3 isolates were available from Global Initiative on Sharing all Influenza

Data (GISAID, https://platform.gisaid.org).
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Fig. 1. Phylogenetic trees of HIONx-HA of AlVs isolated from poultry and download from GISAID database. The ten avian-origin HION3 isolates were highlighted with red;
human-origin HION3 virus was highlighted with blue; human-origin HION8 viruses were highlighted with green. The neighbor-joining tree was generated by using MEGA 7
software. The tree was constructed by using the neighbor-joining method with the maximum composite likelihood model in MEGA version 7.0 (http://www.megasoftware.net)

with 1,000 bootstrap replicates.

other hosts including chicken (6.17%, 10/162) and humans (0.62%,
1/162). Interestingly, these H10N3 viruses from chicken were all
isolated by our laboratory after December 2019 and analyzed in
this study. The above data showed that the host of this novel reas-
sortant H10N3 transformed from waterfowl to terrestrial poultry.

In conclusion, these avian-origin H10N3 isolates are highly ho-
mologous with human-origin H10N3 strain, and some of them
were isolated in Jiangsu Province before human infection, indi-
cating that human infection case was transmitted from poultry
to human. These H10N3 isolates internal genes were all derived
from HON2 should arouse our focus, because this type reassor-
tants such as H7N9, H5N6 and H10N8 have caused human infec-
tion and death in recent years. Low pathogenic AIVs usually do
not cause explicit symptoms in poultry, it might have existed for
a long time until we discovered it, which proved by our phyloge-
netic analysis. In addition, these avian-origin HION3 isolates with
several mammalian molecular markers show an even higher capac-
ity for mammalian adaption. Our findings indicate the importance
of continuous surveillance for the emergence and evolution of
novel influenza viruses in poultry and the potential threat to public
health.
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