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Letters to the Editor
Depression increases the risk of tuberculosis: Preliminary
observations
Dear Editor,
We read with great interest the systematic review by Alene
et al.1 and the comment on it by Cao et al.,2 who pooled data
of the incidence rate of depression in patients with multidrugresistant tuberculosis (MDR-TB). As reported, the incidence of depression is high among patients with TB, particularly for individuals with MDR-TB, as an adverse effect of anti-TB drugs and/or
a consequence of the host’s perturbed inﬂammatory and neurobiological response1 , 3 , 4 . Both depression and TB are major public
health issues with high prevalence and incidence.4 The association
between TB and depression is presumed to be bidirectional.5 TB
increases the risk of depression has been analyzed in several studies, however, the evidence of the association between depression
and the subsequent risk of TB is limited.
In this letter, we pooled the data published that depression
increased the risk of TB and presented our preliminary observations. First, we conducted a systematic review and meta-analysis
to quantify the incidence of TB in patients with depression. After
hand-searching and processing, a total of 237,696 enrollees including 67,137 patients with depression and 170,559 control individuals from only two articles was recruited according to predeﬁned
selection criteria.6 , 7 The overall incidence rate of TB was 1.16-fold
[95% Conﬁdence Interval (CI): 1.12–1.20] greater in the depression
cohort than that in the control cohort (Fig. 1). Furthermore, a doseresponse relationship was shown between depression and the risk
of TB.7 Although depression is a common belief to inﬂuence the
neuroendocrine response and modify the behavioral function with
consequences of the delays in TB diagnosis and treatment, whether
depression impacts the immune response against Mycobacterium
tuberculosis (Mtb) infection remains to be investigated.
Macrophages are served as both the habitats, and the ﬁrst
line of defense against intracellular pathogen, Mtb.8 We then hypothesized that depression might impair macrophage function
to ﬁght against Mtb infection. To test our hypothesis, we recruited 6 depression patients and 6 age- and sex-matched healthy
donors from Shenzhen Kangning Hospital (Shenzhen, China). The
participants who had any comorbidities including HIV infection,
chronic obstructive pulmonary disease, and diabetes mellitus were
excluded. Adherent monocytes enriched from peripheral blood
mononuclear cells were differentiated into human monocytederived macrophages (hMDMs).9 We found that depression significantly impaired the bactericidal activity of hMDMs against Mtb
H37Rv. Speciﬁcally, compared to the hMDMs differentiated from

healthy donors, intracellular H37Rv colony forming unit (CFU) was
signiﬁcantly increased in the hMDMs from patients with depression (Fig. 2A).
Finally, to further recapitulate the data in mouse macrophages,
we established a chronic social defeat stress (SDS)-induced mouse
model that reliably exhibits depressive symptoms, as previously
described.10 Mice that underwent SDS procedure were separated
into resilient and susceptible groups based on their depressive-like
behaviors.10 Mouse bone marrow-derived macrophages (BMDMs)
from control (housed in pairs during SDS procedure with no contact with aggressor mice), susceptible and resilient mice were
infected with H37Rv and macrophage bactericidal activity was
assessed by intracellular CFU counts. As expected, compared to
the BMDMs from control and resilient mice, intracellular H37Rv
growth was signiﬁcantly increased in the BMDMs from susceptible
mice (Fig. 2B), suggesting that depression dampens macrophage
bactericidal activity against Mtb infection.
In summary, we performed a systematic review for the ﬁrst
time to estimate the incidence rate of TB in patients with depression and found that depression posed a high risk for TB with 1.16fold [95% CI: 1.12–1.20] in the overall pooled incidence rate. More
importantly, our in vitro data showed that depression signiﬁcantly
impaired the bactericidal activity of macrophages against Mtb infection, which might provide evidence partially explaining how depression increased the risk of TB. This letter spotlights interesting
and exciting observations that could potentially open up a new
area of research to reveal the mechanism underlying how mental
disorders such as depression inﬂuences the immune response to
anti-Mtb infection.
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Fig. 1. Effect of depression on the incidence of tuberculosis. In this systematic review and meta-analysis, the studies that reported data on TB among depression patients
were searched in PubMed and Web of Science, without any language restrictions. The reference list was also hand-searched according to inclusion and exclusion criteria. The
data of the incidence of TB in patients with depression was extracted and pooled into a meta-analysis using the R package metafor (version 3.0). Thompsons’ I² was used to
assess the heterogeneity.
a
Incidence: per 10 0 0 person-years.
b
IRR (incidence rate ratio): depression vs. control cohort (95% CI).
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The Brain Cognition and Brain Disease Institute (BCBDI), Shenzhen
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Sciences, Shenzhen, China

Fig. 2. Depression impaired the bactericidal activity of macrophages against Mtb infection. (A) Adherent monocytes enriched from PBMCs (from six depression patients
and six healthy donors) were differentiated into hMDMs under conditions of stimulation (50 ng/ml M-CSF in culture. hMDMs were infected with H37Rv (MOI=1) for
6 h and then washed three times with prewarmed PBS. After a further 72 h culture,
macrophage bactericidal activity was assessed by determination of intracellular Mtb
CFU. (B) Mouse MDMs from control, susceptible and resilient mice were infected
with H37Rv and macrophage bactericidal activity was assessed by intracellular CFU
counts as described for panel A. Data represented as mean ± SD, ∗ , P < 0.05, ∗ ∗ , P <
0.01; ∗ ∗ ∗ , P < 0.001. by Student’s two-tailed paired t-test (A) and two-way ANOVA
with Bonferroni post hoc test (B).
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Emerging polio hotspots in Pakistan: Challenges and the
way forward
Dear Editor,
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We read with great interest the article entitled "Impact of
COVID-19 pandemic on Measles surveillance in Pakistan" by Rana
et al. The authors of this article discuss the various infectious diseases that surfaced during the COVID-19 pandemic.1 Therefore, the
current article will spotlight the re-emergence of polio in Pakistan,
which is another serious public health concern.
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Fig. 1. Polio hotspots in Pakistan from in year 2019 to 2020.

It is estimated that after the Global Polio Eradication Initiative
(GPEI) unveiling in 1988, the global incidence of polio has been
reduced by 99%.2 The tremendous efforts of GPEI to eliminate polio for the last three decades are now on the verge of downfall
owing to the COVID-19 pandemic. Pakistan is the ﬁfth most populated country and has a population of over 200 million with an
annual growth rate of 2.04% and is listed as a polio-endemic country.3 , 4 The catastrophic impacts of COVID-19 in Pakistan are exacerbated by the disruption of routine immunization against a myriad
of vaccine-preventable diseases. In amidst of 2020, all immunization operations in Pakistan were halted owing to the lockdown, depriving 40 million children of the polio vaccine. 5
Pakistan’s Polio program has operated commendably through
2015, reducing 306 Wild Poliovirus (WPV) cases to 54 in 2015, 20
in 2016, 08 in 2017, 12 in 2018, and re-emergence reported in 2019
with 147 new cases. Geospatial analysis revealed that the worstaffected regions in Pakistan from WPV were the slum and squatter
territories in Khyber Pakhtunkhwa province (Fig. 1). Between 2015
to 2020, the prevalence of WPV cases was signiﬁcantly higher in
Khyber Pakhtunkhwa (51%), followed by Sindh (23%), Balochistan
(17%), and Punjab (9%) (Fig. 2).4
Several conspiracy theories have previously been used to sabotage the country’s Polio vaccine campaigns, including myths regarding vaccine quality, religious beliefs, and the presence of live
viruses in the vaccine, which have resulted in vehement parental
refusal to vaccinate their children. Pakistan’s initiative to eradicate
polio GPEI was endeavoring to overcome these obstacles, but regretfully, a pandemic hit Pakistan, and a lockdown was imposed,
thus suspending the country’s whole immunization program. A

comparative survey of child polio vaccination statistics revealed
that the number of daily vaccination visits decreased by 52.8%.
Dreadfully, only 92,492 children received vaccinations, compared
to 608,832 children who received vaccination shots before the
lockdown.6
Discontinuation of polio immunization in Pakistan may not affect immediately, but a surge in polio cases might potentially result in the importation of infections to vulnerable countries.2 Thus,
following established World Health Organization (WHO) processes
and preventive measures, Pakistan’s government and policymakers
should actively implement supplementary immunization activities
(SIAs) and mop-up immunization strategies in hotspot areas. Additionally, inter-district mobility, particularly between districts with
positive environmental samples, should be closely monitored, and
susceptible children should be permitted to travel only after receiving immunization. In particular, health practitioners must educate
and address vaccine adverse effects with the people in Pakistan to
ensure effective polio immunization.
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Fig. 2. Number of WPV Polio cases reported in different provinces of Pakistan from the year 2015–2020. Comparative analysis showed the highest number of polio cases
were seen in 2020 due to halting vaccination program.

References

Department of Pure and Applied Mathematics (Statistics), The
University of Haripur, Haripur, Khyber Pakhtunkhwa, Pakistan

1. Rana M.S., Usman M., Alam M.M., et al. Impact of COVID-19 pandemic on
Measles surveillance in Pakistan. J Infect 2021;82:414–51.
2. Global Polio Eradication Initiative (GPEI)- Pakistan. 2021. https:
//polioeradication.org/where- we- work/pakistan/. Accessed 01-07-2021.
3. Silva N.M., Santos N.C., Martins I.C.. Dengue and Zika viruses: epidemiological history, potential therapies, and promising vaccines. Trop Med Infect Dis
2020;5:150.
4. Pakistan Polio Eradication Program - Polio Cases in Provinces. 2021.
https://www.endpolio.com.pk/polioin- pakistan/polio- cases- in- provinces.
Accessed 15-06-2021.
5. Din M., Ali H., Khan M., et al. Impact of COVID-19 on polio vaccination in Pakistan: a concise overview. Rev Med Virol 2020;31(4):e2190. doi:10.1002/rmv.
2190.
6. Chandir S., Siddiqi D.A., Setayesh H., Khan A.J.. Impact of COVID-19 lockdown on routine immunisation in Karachi, Pakistan. Lancet Global Health
2020;8:e1118–e1e20.

Muhammad Sohail Afzal∗
Department of Life Sciences, School of Science, University of
Management and Technology (UMT), Lahore 54700, Pakistan
∗ Corresponding author.
E-mail address: sohail.ncvi@gmail.com (M.S. Afzal)

Accepted 21 July 2021
Available online 26 July 2021
https://doi.org/10.1016/j.jinf.2021.07.018
© 2021 The British Infection Association. Published by Elsevier
Ltd. All rights reserved.

Usman Ayub Awan
Department of Medical Laboratory Technology, The University of
Haripur, Haripur, Khyber Pakhtunkhwa, Pakistan
Muhammad Wasif Malik
Field Epidemiology and Disease Surveillance Division, National
Institute of Health (NIH), Islamabad, Pakistan
Aamer Ali Khattak
Department of Medical Laboratory Technology, The University of
Haripur, Haripur, Khyber Pakhtunkhwa, Pakistan
Haroon Ahmed
Department of Biosciences, COMSATS University, Islamabad, Pakistan
Muhammad Imran Khan, Humera Qureshi

Signiﬁcant increase in hospital admissions for the
management of severe dental infection in England
20 0 0–2020
Dear Editor,
Severe odontogenic infection is the most serious consequence
of dental disease.1 Maxillo-facial cellulitis is most commonly a result of dental caries where the carious lesion extends into the
tooth pulp causing irreversible pulpal inﬂammation leading to pu-
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pal necrosis and subsequent peri-apical abscess. Spread of the infection beyond the immediate periapical area is inﬂuenced by both
local anatomic considerations such as location of tooth apex to
mucosal surfaces, tissue planes, muscle attachments and systemic
factors2 , 3 such as, poorly controlled diabetes mellitus. Spread of infection along tissue planes often leads to pain, swelling, trismus,
dysphagia and loss of airway, together with signs and symptoms
of sepsis syndrome. Severe odontogenic infection is an emergency
that must be promptly treated by a combined surgical (incision
and drainage, tooth extraction, airway protection) as well as medical management for infection (IV antibiotics) and symptoms of
sepsis as required. The large majority of localised dental abscesses
respond to early local surgical intervention such as, tooth extraction or root canal therapy. In 2008 Thomas et al.4 reported a case
series of life threatening dental infections and described a doubling
in such admissions over the period 1998–2006, this report updates
and extends the data on hospital admission in England for the period 20 0 0–2020.
Following the method reported by Thomas et al.4 we accessed
routinely captured data on all admissions to NHS hospitals in England between 20 0 0 and 2020. The Hospital Admitted Patient Care
Activity (formerly known as Hospital Episode Statistics) data includes information on all patients treated in NHS hospitals regardless of funding source, residential status or treatment centre location. The Hospital Admitted Care Activity records store information
on the main operation and currently up to 24 procedures in total
for each hospital episode coded using the Oﬃce of Population Censuses and Surveys: Classiﬁcation of Surgical Operations and Procedures, 4th Revision (OPCS4). According to convention the main
operation is normally the most resource intensive procedure or intervention performed during the treatment episode. This report focused only on cases where the management of the dental abscess
was the main intervention. We downloaded freely available aggregated data from the NHS Digital website5 .Trends are reported for
episodes where the main operation code was “drainage of abscess
of alveolus of tooth” (OPCS4.2 code F16.1). Information was available for each year from 20 0 0 to 2020 (1 April to 31 March). We
calculated the absolute number of admissions and the rate of admission per hundred thousand head of population in order to account for population change over the study period. Over the last
20 years 36,197 people have been admitted to England’s hospitals
for the surgical drainage of dental abscesses (Table 1). The number
of people admitted for incision and drainage of the alveolus has
risen steadily over the last two decades from 842 in 20 0 0–20 01 to

Table 1
Number and Rate/10 0,0 0 0 pops of Hospital admissions for drainage of
dental abscess 20 0 0–2020.
Year

N

Rate /10 0,0 0 0

20 0 0–01
2001–02
2002–03
2003–04
2004–05
2005–06
2006–07
2007–08
2008–09
2009–10
2010–11
2011–12
2012–13
2013–14
2014–15
2015–16
2016–17
2017–18
2018–19
2019–20

842
884
963
1060
1219
1431
1522
1625
1799
1749
1774
2086
2127
2174
2281
2270
2244
2558
2571
3018

1.71
1.79
1.94
2.12
2.43
2.83
2.99
3.16
3.47
3.35
3.37
3.93
3.98
4.04
4.20
4.14
4.06
4.60
4.59
5.36

3018 in 2019–2020 (Fig. 1). The raw number of cases is more than
three and a half times (3.58) higher in 2019–2020 compared with
20 0 0–20 01. The rate per 10 0,0 0 0 head of population has also increased steadily from 1.71/10 0,0 0 0 to 5.36/10 0,0 0 0 over the same
time period. The rate was 3.13 times higher in 2020 compared with
20 0 0. In the year 20 0 0–20 01 1887 bed days were taken up with
the management of dental abscesses, by 2019–2020 this ﬁgure had
risen to 5629.
Although odontogenic infection is one of the most common
causes of infection in the maxillofacial area it is however a largely
preventable condition. The majority of cases are caused by dental caries which occurs due to excessive sugar consumption and
inadequate dental hygiene. Despite its preventable nature dental
caries rates in the United Kingdom at the last national survey
remain high at 31% and dental infection has been shown to be
present in 2% of the population6 . Dental caries and its complications remains a disease linked to health inequalities with the burden of disease falling on the most deprived populations. Moles7
subsequently analysed the data initially reported by Thomas et al.4
and showed that there was a widening social gradient meaning
that patients from lower socioeconomic groups were also far more

Fig. 1. Rising number of hospital admissions for drainage of dental abscesses in England 20 0 0–2020.
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likely to experience the most serious of sequelae. The majority
(86.3%) of these admissions were classiﬁed as emergencies and
again the most aﬄuent patients were least likely to be admitted
as an emergency. In response Freeman8 expressed hope that reforms begun in 2006 would lead to “accessible NHS dentistry for
all”. While it is not possible to attribute causality we note that
numbers have continued to rise in the twelve years since these
concerns were ﬁrst raised and show no sign of levelling off or improving. The increase may be due to poor access to dental care in
deprived areas, an inability to pay for dental treatment leading to
neglect until serious complications arose or other systemic changes
in the provision of dental care in England. The identiﬁcation of this
surprising and sustained increase in admissions to hospital for the
management of severe odontogenic infections should cause policy
makers and commissioners to investigate this phenomenon further,
identify risk factors and improve dental health especially in socioeconomic groups at higher risk of hospital admission for this potentially life threatening infection.
Ethics approval and consent to participate
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The impact of case and contact characteristics on contact
tracing during the West Africa Ebola epidemic

Transparency declaration

Dear Editor,

The author aﬃrms the manuscript is an honest accurate and
transparent account of the study being reported; that no important
aspects of the study have been omitted; and that any discrepancies
from the study as planned have been explained.

A recent paper by Etard et al. highlights how clustering of Ebola
exposures around a few cases, and overdispersion of contacts per
case, leads to super-spreader events and epidemic propagation.1
Based on this evidence and that seen with SARS-Cov-2,2 they suggest that targeting epidemic screening and communication control
strategies in low resource settings may be beneﬁcial.
Here, we summarise a study we conducted to assess the success
of contact tracing in relation to different characteristics of cases
and contacts. To our knowledge, the association of a contact’s characteristics with their likelihood of being successfully traced during
a pandemic has not previously been assessed.
We analysed data collected during the 2014–2016 West African
Ebola epidemic to identify case and contact characteristics associated with success of contact-tracing. Data were collected in the
Ebola Contact Tracing proof-of-concept Study (ECTS) in Port Loko
district, northern Sierra Leone, April-August 2015. The study aimed
to design and evaluate the use of a mobile health (mHealth) app
relative to paper-based contact-tracing.3 We found that the app
improved data completeness, storage, and accuracy, but that challenges in tracing remained.
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Table 1
Baseline characteristics of participants recorded on The Ebola Contact Tracing Study App and the distribution
of these characteristics between successfully and unsuccessfully traced contacts.
Contact tracing
Traced
Not traced
N = 365
N = 281
Ebola Case Factors (17 cases: 15 laboratory conﬁrmed; 2 secret burials)
Age of Ebola case (years), median (IQR)
Sex of Ebola case
Male
Female
Status of Ebola case
Dead
Alive
Number of contacts per Ebola case, median (IQR)
Ebola contact factors
Age of Ebola contact (years), median (IQR)
Sex of contact
Male
Female
Type of contact with Ebola case∗∗
Touched the body ﬂuids of the case
Had direct physical contact with the body of a case
Touched or shared the linen, clothes, or dishes/utensils of the case
Slept, ate or spent time in the same household or room as the case
Ebola contact location factors
Level of development∗∗∗
Urban
Rural

n (%)∗
29 (22, 29)

n (%)∗
29 (24, 50)

142 (38.9%)
223 (61.1%)

173 (61.6%)
108 (38.4%)

213 (58.4%)
152 (41.6%)
52 (24, 120)

174 (61.9%)
107 (38.1%)
92 (66, 112)

19 (5, 35)

24 (9, 36)

160 (43.8%)
205 (56.2%)

157 (55.9%)
124 (44.1%)

62 (17.0%)
108 (29.6%)
56 (15.3%)
139 (38.1%)

11 (3.9%)
132 (47.0%)
21 (7.5%)
51 (18.2%)

270 (74.0%)
95 (26.0%)

34 (12.1%)
247 (87.9%)

∗

Percentage of those with complete data.
Each contact was assessed for the highest risk level of contact and only this level was recorded.
∗∗∗
Based on standardised categories developed for The Ebola Contact Tracing Study (3).
∗∗

We have subsequently further analysed the app-based data to
investigate which case and contact characteristics were associated
with successful mHealth contact-tracing. A total of 16 laboratoryconﬁrmed Ebola virus disease (EVD) cases (one of whom was excluded from this analysis as they had no contacts), and two secret burial cases, were registered on the study app. From the 17
included cases, 646 contacts were identiﬁed and recorded on the
app by the local case investigation team.
Successful contact tracing was deﬁned as a contact being visited by a contact-tracer (CT), and an ECTS app form being completed daily from ﬁrst contact with a CT throughout the remaining incubation-period. The association of successful tracing with
Ebola case characteristics (age, sex and survival) and contact characteristics (age, sex, type of contact with the Ebola case, and urban/rural location) was investigated by estimating adjusted hazard
ratios (aHR) using multivariable Cox regression, adjusted for clustering by case. Follow-up time was time between last contact with
the Ebola case and ﬁrst visit from a CT. For all non-traced contacts,
follow-up time was set at 21-days (maximum incubation-period).
The multivariable model was built by ﬁrst ﬁtting univariable models, including those variables with p < 0.05 in an initial multivariable model, and retaining those independently associated with the
outcome in a ﬁnal multivariable model. Models were compared using the Likelihood Ratio test.
Of the 646 registered contacts, 365 (57%) were traced Table 1.
The median age of cases was 29 years for both traced and nontraced groups. Those not traced were more likely to be contacts of
male cases (n = 173, 61.6%) than those traced (n = 142; 38.9%). The
median number of contacts per case was higher in the non-traced
group (92 contacts vs 52 contacts). Non-traced contacts were older
(median 24-years vs 19-years) and more likely to be male (n = 157,
55.9% vs n = 160, 43.8%) than the traced contacts. In the nontraced group, the most common form of contact was physical contact with the body (n = 132, 47.0%) whereas in the traced group
the most common form of contact was sharing a room with the

case (n = 139, 38.1%). A greater proportion of non-traced contacts than traced contacts lived in rural settings (n = 247, 87.9%
vs n = 95, 26.0%).
In the ﬁnal multivariable Cox model Table 2, three factors
were independently associated with contact tracing success. The
case being female was positively associated with successful contact tracing (aHR 4.96; CI 1.55–15.90, p < 0.01). The contact living in a rural as opposed to urban setting (aHR=0.04; CI 0.01–0.12,
p < 0.01) and the contact having direct contact with the Ebolacase, their personal items, or bodily ﬂuids (Table 2) were negatively associated with successful tracing.
To our knowledge, this is the ﬁrst study of its kind to utilise
app-based data to examine factors affecting contact-tracing. Introduction of mHealth into the tracing process removes obstacles
to tracing, such as large travel distances and poor transportation.
However, this study shows additional issues associated with living in a rural environment that affect the likelihood of successful
tracing, even once the travel barriers have been removed. Mode of
contact with the Ebola case had a complex relationship with success of contact tracing. Those who had the closest contact with
the case were twice as likely to be contact traced as those who
had not had physical contact, but half as likely as those who had
minor physical contact with the Ebola case. We hypothesise that
there is an interaction between social factors such as stigma, personal perception of disease-risk, concerns regarding ﬁnancial loss,
and isolation at play.4
Based on our ﬁndings, in future epidemics in low-resource settings, contact-tracing programs need to be designed with a strategy in mind for reaching those in rural locations, as well as contacts of speciﬁc case characteristics including those who are of
male sex and the super-spreaders described by Majra et al.2 This
must however, not be to the detriment of those currently being
traced.
With the ongoing SARS-CoV2 pandemic, and increasing evidence of epidemics becoming more common, contact-tracing pro-
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Table 2
Cox-regression shared frailty model showing the effect of Ebola Case and Contact factors on Hazard ratios of successful contact tracing over a 21-day follow-up period
adjusted for clustering around cases.

Ebola case factors

unadjusted
hazard ratio

Conﬁdence
interval (95%)

∗∗
∗∗∗

adjusted
hazard ratio

conﬁdence
interval (95%)

p value

<0.01

Age of Ebola case (years)
30–60
Over 60
Missing data
Sex of Ebola case
Male
Female
Number of contacts per Ebola case(per 1 contact increase)
Mortality status of Ebola case
Dead
Alive
Ebola contact factors
Age of Ebola contact (years)
0–30
30–60
Over 60
Sex of contact
Male
Female
Type of contact with Ebola case∗∗
Touched the body ﬂuids of the case (blood, vomit, saliva, urine faeces)
Had direct physical contact with the body of a case (alive or dead)
Touched or shared the linen, clothes, or dishes/utensils of the case
Slept, ate or spent time in the same household or room as the case
Ebola contact location factors
Level of development ∗∗∗
Urban
Rural

p value

reference
0.57
0.16
0.26

0.44–0.74
0.05–0.51
0.17–0.40
<0.01

reference
1.63
0.99

1.32–2.01
0.99–1.00

reference
1.26

1.02–1.55

reference
0.81
0.87

0.63–1.03
0.57–1.32

<0.01
reference
4.96

1.55–15.90

<0.01
0.03

<0.01

<0.01
reference
1.35

1.09–1.65
<0.01

0.81
0.38
0.58
reference

0.60–1.10
0.30–0.49
0.42–0.79

<0.01
0.57
0.44
0.21
reference

0.37–0.88
0.30–0.65
0.13–0.32

<0.01
reference
0.17

0.14–0.22

<0.01
reference
0.04

0.01–0.12

Each contact was assessed for the highest risk level of contact and only this level was recorded.
Based on standardised categories developed for The Ebola Contact Tracing Study (3).

grammes are going to become more integral to maintaining normality and preventing the economic and societal damage seen
when blanket restrictions are enforced. We recommend further
qualitative research to understand whether our ﬁndings are generalisable, and to develop strategies to reach those who are harder
to trace.

Availability of data and materials
The datasets analysed during the current study are available in
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https://datacompass.lshtm.ac.uk/1069/
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Anxiety, depression and poor sleep quality as long-term
post-COVID sequelae in previously hospitalized patients:
A multicenter study
Dear Editor,
Evidence supports the presence of a plethora of symptoms after
suffering severe acute respiratory syndrome coronavirus 2 (SARSCoV-2) infection. The prevalence rate of these post-COVID symptoms ranges from 35 to 60% depending on the symptom and the
follow-up period.1 One letter to the Editor and one full-text in
Journal of Infection found that fatigue and dyspnea are the most
prevalent post-COVID symptoms in both hospitalized2 and nonhospitalized3 patients. Post-COVID sequalae include general, respiratory, physical, gastrointestinal, neurological, and mental symptoms. A scoping review observed that anxiety and depression are
also prevalent post-COVID symptoms;4 however, most of published
studies have follow-up periods < 3 months, sample sizes <300
participants, and were conducted at single centers.4 We have recently published in a letter to the Editor in Journal of Infection, a
multicenter study assessing post-COVID symptoms and their associated risk factors seven months after hospital discharge5 . This
study observed that 80% of hospitalized COVID19 survivors exhibited at least one post-COVID symptom seven months after hospital discharge, being fatigue and dyspnea the most prevalent. No
data about the prevalence of mood disorders was provided. Here
we present secondary data of that multicenter study analyzing the
prevalence of depressive and anxiety levels and sleep quality.
Brieﬂy, this multicenter observational study included 1200 hospitalized patients randomly selected from four public hospitals
in Madrid, Spain (300 from each hospital) with a diagnosis of
SARS-CoV-2 by RT-PCR technique and radiological ﬁndings during the ﬁrst wave of the pandemic (March 10th to May 31st,

Table 1
Demographic, clinical and hospitalization data (n = 1142).
Age, mean (SD), years
Gender, male/female (%)
Weight, mean (SD), kg.
Height, mean (SD), cm.
Medical co-morbidities
Hypertension
Diabetes
Chronic Heart Disease - Cardiovascular Disease
Rheumatological Disease
Asma
Obesity
Chronic Obstructive Pulmonary Disease
Stroke
Other (cancer, kidney disease)
Stay at the hospital, mean (SD), days
Intensive Care Unit (ICU) admission
Yes/No, n (%)
Stay at ICU, mean (SD), days
Anxiety/Depressive Symptom, n (%)
Anxiety Symptoms (HADS-A ≥ 12 points)
Depressive Symptoms (HADS-D ≥ 10 points)
Sleep Quality, n (%)
Poor Sleep Quality (PSQI ≥ 8 points)

61 (17)
601/541
70 (15)
166 (10)
291 (25.5%)
145 (13%)
144 (13%)
61 (5.5%)
55 (5%)
54 (5%)
51 (4.5%)
29 (2.5%)
105 (9%)
14 (12)
80 (7%) / 1062
(93%)
15 (13)
185 (16.2%)
225 (19.7%)
394 (34.5%)

2020). Local Ethics Committees of all hospitals approved the
study (HCSC20/495E, HUFA 20/126, HUF/EC1517, HUIL /092–20,
URJC0907202015920). Informed consent was obtained from all participants.
Patients were scheduled for a telephone interview by trained
researchers a mean of 7.0 months (SD 0.6) after hospital discharge.
Clinical (i.e., age, gender, height, weight, pre-existing comorbidities) and hospitalization (e.g., symptoms at hospital admission,
days at hospital, intensive care unit [ICU] admission) data were
collected from hospital medical records. In addition to a predetermined list of post-COVID symptoms previously described5 , depressive/anxiety level and sleep quality were also collected. The
Hospital Anxiety and Depression Scale (HADS) was used to assess anxiety (HADS-A, 7 items, 0–21 points) and depressive (HADSD, 7 items, 0–21 points) symptoms.6 We considered the cut-off
scores recommended for Spanish population (HADS-A ≥ 12 points;
HADS-D ≥ 10 points) suggestive of clinical anxiety and depressive
symptoms, respectively7 . The Pittsburgh Sleep Quality Index (PSQI)
was used to assess the sleep quality the previous month by using 19 self-reported questions assessing the usual bed time, usual
wake time, number of hours slept, and number of minutes to fall
asleep.8 A total score ranging from 0 to 21 points is calculated,
higher scores indicate worse sleep quality, and a score > 8.0 points
is indicative of poor sleep quality.8
Descriptive data are presented as mean (standard deviation,
SD) or percentages as appropriate. Multivariate Poisson regression prediction and risk models were constructed to identify clinical/hospitalization variables associated with the presence of postCOVID anxiety/depressive symptoms and poor sleep quality. Adjusted Odd Ratio (OR) with 95% conﬁdence intervals (95%CI) were
calculated.
As previously reported, a total of 1142 (48% women, mean age:
61, SD: 17 years) were included. Data on symptoms at hospital admission, previous co-morbidities, or other post-COVID symptoms have been previously published.5 Table 1 summarizes clinical and hospitalization data related to the current analysis. Seven
months after hospitalisation, 16.2% patients showed anxiety symptoms (≥ 12 points), 19.7% depressive symptoms (≥ 10 points), and
34.5% poor sleep quality (≥ 8 points). Only 50.4% (n = 575) of the
included patients did not report depressive/anxiety symptoms or
poor sleep quality at seven months after hospital discharge. Significant positive associations between anxiety and depressive symptoms (r: 0.759, P < 0.001) and between sleep quality with anxiety
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(r: 0.239, P < 0.001) and depressive (r: 0.340, P < 0.001) symptoms
observed.
The regression models revealed that female (OR1.88, 95%CI
1.35–2.51, P < 0.001), the number of days at the hospital (OR1.02,
95%CI 1.01–1.03, P = 0.04), the number of pre-existing medical comorbidities (OR1.23, 95%CI 1.02–1.45, P = 0.022) and the
number of symptoms at hospital admission (OR1.37, 95%CI 1.13–
1.67, P = 0.001) were associated with depressive symptoms. Only
the number of symptoms at hospital admission (OR1.29, 95%CI
1.04–1.58, P = 0.015) was signiﬁcantly associated with anxiety.
Finally, poor sleep quality was associated with female gender
(OR2.15, 95%CI 1.65–2.80; P < 0.001), number of days at hospital
(OR1.02, 95%CI 1.001–1.035, P < 0.001), the number of comorbidities (OR1.34, 95%CI 1.15–1.57, P < 0.001), and number of symptoms
at hospital admission (OR1.31, 95%CI 1.12–1.54, P < 0.001).
This multicenter study revealed that almost 50% of hospitalised
COVID-19 survivors experienced anxiety or depressive symptoms
and/or poor sleep quality seven months after hospital discharge.
Speciﬁcally, anxiety symptoms were observed in 16.2% of patients,
depressive symptoms in 19.7%, and poor sleep quality in 34.5%.
Our prevalence rates of post-COVID depressive or anxiety symptoms and poor sleep quality should be considered signiﬁcant since
patients were evaluated seven months after hospital discharge,
but were lower than prevalence data previously reported (40–
45%) during the acute hospitalisation period.9 Previous studies investigating post-COVID mood disorders included follow-up < 3
months, smaller samples and individuals recruited from just one
center. The current study increases evidence to the literature with
a large, multicenter design evaluating long-term post-COVID anxiety/depressive levels and sleep quality.
Early recognition of long-term post-COVID effects and associated risk factors will facilitate diagnosis and multidisciplinary
strategies for these patients.10 We identiﬁed that female gender,
longer stay at hospital, higher number of comorbidities, and higher
number of symptoms at hospital admission were risk factors associated with depressive symptoms and poor sleep quality, but
not with anxiety levels. Similar risk factors were identiﬁed for the
number of post-COVID symptoms (not including mood disorders)
in our previous letter5 . Future studies determining the role of these
risk factors in the development of long-term post-COVID symptoms are guaranteed.
Finally, these results should be considered attending study
weaknesses. First, only hospitalized patients were included. Second, patients with diagnosed psychiatric diseases were excluded.
Third, we did not collect objective measures of COVID-19 disease,
e.g., inﬂammatory biomarkers, blood oxygen saturation.
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Increase in circulation of non-SARS-CoV-2 respiratory
viruses following easing of social distancing is associated
with increasing hospital attendance
Dear Editor,
In this Journal, we recently reported that the appearance of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), and
the accompanying social restrictions were associated with a dramatic reduction in circulation of non-SARS-CoV-2 viruses.1 We
have also previously reported on the resurgence of rhinovirus circulation following the re-opening of schools in the United Kingdom in September 2020.2 Apprehension now surrounds the effects
of complete cessation of social distancing measures in the United
Kingdom on the transmission of SARS-CoV-2, and other respiratory
viruses. The effect of social distancing on suppressing respiratory
viruses are well documented, therefore, as these restrictions ease
multiple routes of transmission increase. 3
At University Hospital Southampton NHS Foundation Trust
(UHSFT), UK, we have tested all adult medical patients admitted to hospital using point-of-care multiplex PCR testing (using
the QIAstat-Dx Respiratory SARS-CoV-2 panel and the BioFire Respiratory Panel 2.1 plus) for a wide range of respiratory viruses,
since the start of the SARS-CoV-2 pandemic.4 From 20th March
2020 to the 30th June 2021, 17,804 adult patients were tested.
There was a near absence of detection of non-SARS-CoV-2 respiratory viruses following the introduction of social distancing measuring during the ﬁrst wave of the pandemic. In addition to the increases seen in rhinovirus detection after September 2020, detections of parainﬂuenza viruses and non-SARS-CoV-2 coronaviruses
were seen to increase after the 18th April 2021. This corresponds
with the opening of non-essential retail and outdoor hospitality
in England on the 12th April 2021. There was a further sharp increase following the resumption of indoor socialising and hospitality which started on the 17th May 2021 (Fig. 1). At peak circulation, 13% of admitted adult patients had parainﬂuenza viruses
detected and 5% had non-SARS-CoV-2 coronaviruses detected.
These ﬁndings are consistent with national surveillance data.5 Furthermore, Emergency Department attendances for acute respiratory illness increased at UHSFT following schools returning after
the Easter holidays on the 8th March 2021. This corresponded with
an increase in rhinovirus detection. Thereafter, a further sustained
increase in Emergency Department attendances has been seen coinciding with increased parainﬂuenza and non-SARS-CoV-2 detection (Fig. 2).
Our data is aligned with previous research supporting the impact of social distancing on reducing the circulation of non-SARSCoV-2 respiratory viruses, and that non-enveloped viruses such as
rhinovirus, re-emerge initially as social distancing is eased, followed by other viruses.1 , 2 The increase in detection of non-SARSCoV-2 coronaviruses is in keeping with other reports of increased
respiratory virus detections outside of the normal viral epidemiological cycles.6 These ﬁndings might have important implications
for the complete relaxing of social distancing measures in the coming months and particularly on the forthcoming circulation of respiratory syncytial virus (RSV) and inﬂuenza viruses.
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Fig. 1. Proportion of tests positive for non-SARS-CoV-2 respiratory viruses over time.

Fig. 2. Emergency department attendances with acute respiratory illness, March to June 2021.
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Comparison of self-collected mouth gargle with
deep-throat saliva samples for the diagnosis of
,
COVID-19✰✰✰
Dear Editor,
We read with interest the study by Zhu et al.1 that proved
saliva as an acceptable alternative to nasopharyngeal or oropharyngeal swabs for diagnosis and monitoring of SARS-Coronavirus2 (SARS-CoV-2) patients. While saliva is a well-accepted selfcollected sample, mouth gargle is a potential alternative with characteristics more favorable for laboratory handling. Mouth gargle
are non-viscous in nature, which minimizes cross-contamination
during re-suspension and transfer that poses risk of generating
false-positive results. Furthermore, the non-viscous nature also reduces the chance of clogging of liquid handling systems that would
result in testing failure. To date, only a few comparative studies
analyzed the analytical performance of mouth gargle in the diagnosis of Coronavirus Disease 2019 (COVID-19)2 , 3 . We performed
a prospective head-to-head comparison on the analytical performance of self-collected mouth gargle and Deep-Throat Saliva (DTS)
samples for the detection of SARS-CoV-2 using four different Nucleic Acid Ampliﬁcation Test (NAAT) platforms performed in three
independent laboratories.
We recruited patients admitted to the Prince of Wales Hospital, Hong Kong SAR, China, with active SARS-CoV-2 infection conﬁrmed by the presence of SARS-CoV-2 RNA in their respiratory
tract (nasopharyngeal swab, sputum or DTS) using reverse tran-

✰
Financial support: The study was supported by the Health and Medical Research
Fund - Commissioned Research on the Novel Coronavirus Disease (COVID-19) (reference no. COVID190107) from the Food and Health Bureau, Hong Kong SAR Government.
✰✰
Potential competing interests: none declared

scription polymerase chain reaction (RT-PCR). Recruitment started
from November 23 to December 1, 2020 for patients aged above
10 years who can follow instructions of gargle collection. Disease
severity was classiﬁed into asymptomatic, mild, moderate, severe,
and critical as previously described4 , 5 . Informed consents were obtained from all participants. The study was approved by The Joint
Chinese University of Hong Kong – New Territories East Cluster
Clinical Research Ethics Committee.
Mouth gargle and deep-throat saliva (DTS) samples were collected at least 30 min apart. Mouth gargle samples were collected with sterile bottles pre-ﬁlled with 4 mL of 0.9% sterile normal saline according to the illustrations printed on the instruction sheet (Supplementary ﬁgure 2). DTS samples were collected
according to the instructions produced by the centre for Health
Protection, HKSAR (https://www.chp.gov.hk/ﬁles/pdf/information_
sheet_on_dts_en.pdf). DTS samples were diluted with 3 mL of
Phosphate Buffered Saline (PBS) that ended up in about 4 mL similar to the ﬁnal volume of gargle samples that were undiluted.
Samples were mixed and aliquoted into equal portions for headto-head comparison using four different NAAT platforms by three
independent laboratories (Supplementary ﬁgure 1): (i) In-house assay quantitative real-time reverse-transcriptase polymerase chain
reaction (qRT-PCR), Roche Cobas 6800, and Cepheid GeneXpert by
local Public Health Reference Laboratory. (ii) In-house RT-PCR assay by University Laboratory A; and (iii) Roche Cobas 6800 and
Cepheid GeneXpert assays by University Laboratory B (Supplementary data).
We recruited 49 patients (30 females) aged 12–81 (median:
61) years, with seven asymptomatic, 20 mild (no pneumonitis),
15 moderate (pneumonitis), and four had severe disease that required oxygen support, and three were critical and required ventilator support. All participants recovered and discharged. Samples
were collected between 1 and 19 days (mean 7 ± 4) from symptom onset.
A total of 109 mouth gargle-DTS sample-pairs (mean of 2 ± 1
sample-pairs per patient) with at least one positive result for
SARS-Co-V-2 RNA were analyzed. The overall positive rate ranged
from 89.9% to 96.3% (Fig. 1) with no signiﬁcant difference between
mouth gargle and DTS samples by all four assays. Six sample-pairs
had discrepant results of either having detectable RNA in mouth
gargle only or in DTS only, all with Ct values of >30. Analysis of diagnostic yield reﬂected by 1/Ct showed strong positive correlation
between the paired mouth gargle and DTS samples regardless of
the assay used, and with Spearman’s correlation index ranged from
0.662 to 0.727 (Fig. 2B). Of note, DTS had a signiﬁcantly higher diagnostic yield than mouth gargle (Fig. 2A).
A total of 26 sample-pairs that had adequate volume were additionally tested for inter-laboratory and inter-assay consistencies.
We found a strong inter-laboratory correlation when using Cobas
6800 and GenXpert with both sample types with correlation coeﬃcients of > 0.8 (Fig. 2C). Inter-assay performance comparison
by E gene detection using Cobas 6800 and GeneXpert performed
in Public Health Reference Laboratory and University Laboratory
B again showed no signiﬁcant difference in diagnostic yield using mouth-gargle and DTS (Fig. 2D). When analyzing the diagnostic
yield among various clinical situations, we found that the diagnostic yield of DTS was signiﬁcantly higher in patients with respiratory symptoms, but there was no signiﬁcant difference in asymptomatic patients and those who were symptomatic but without
respiratory symptoms (Supplementary ﬁgure 3)
Our study found that the positive rate for SARS-CoV-2 RNA detection from mouth gargle samples was similar to paired deepthroat saliva (DTS) samples collected from patients with active
COVID-19 infection irrespective of the laboratory or assay used.
Mouth gargle had been shown to be a suitable sample for diagnosis of COVID-19 and respiratory pathogens6 , 7 . Previous studies
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Fig. 1. Positive rates of SARS-CoV-2 RNA detection between mouth gargle and saliva samples using four different assays in three different laboratories
Reference Laboratory (Cobas 6800) positive rate for mouth gargle: 96.3% (95% CI 90.0–98.6), and DTS: 95.4% (95% CI 89.7–98.0). Reference Laboratory (GeneXpert) positive
rate for mouth gargle: 94.5% (95% CI: 88.5–97.5), and DTS: 96.3% (95% CI: 90.9–98.6). Reference Laboratory (In-house method) positive rate for mouth gargle: 95.4% (95% CI
89.7–98.0), and DTS: 96.3% (95% CI 90.9–98.6). University Laboratory A (In-house method) positive rate of for mouth gargle: 89.9% (95% CI 82.8–94.2), and DTS 93.6 (95% CI
87.3–96.9). DTS – Deep-throat saliva samples; Gargle – mouth gargle samples. Fisher test was used to assess the difference in positive rates between detection assays and/or
specimens. The 95% conﬁdence interval (CI) was calculated using epi.conf (ctype=“prop.single") in epiR.

Fig. 2. Comparison of diagnostic yield between sample types, assays, and laboratories
A. Comparison of diagnostic yield of the 109 mouth gargle and DTS sample pairs by test method. Midline: median; Box: interquartile range; DTS, Deep-throat saliva;
Gargle, mouth gargle. ∗ ∗ ∗ ∗ p ≤ 0.0 0 01. Comparisons of viral concentration between detection assays and/or specimens were performed using non-parametric Mann-Whitney
Wilcoxon rank-sum test (unpaired) or Wilcoxon signed rank test (paired).
B. Correlation analysis between 109 mouth gargle and DTS sample pairs by test method. Correlation performed by Spearman’s correlation index; R2adj, Adjusted R-squared.
Spearman’s rho and linear regression were used to evaluate their associations. A two-sided p value of < 0.05 was considered statistically signiﬁcant.
C - Inter-laboratory comparison of Cobas 6800 and GeneXpert of 26 paired samples by Reference Laboratory and University Laboratory B. Correlation performed by Spearman’s correlation index; R2adj, Adjusted R-squared. DTS – deep-throat saliva; Gargle – mouth gargle. Spearman’s rho and linear regression were used to evaluate their
associations. A two-sided p value of < 0.05 was considered statistically signiﬁcant.
D - Inter-assay comparison of 26 paired samples by analyzing E genes detection by Cobas 6800 and Genexpert. Midline: median; Box: interquartile range; DTS – deepthroat saliva; Gargle – mouth gargle. Comparisons of viral concentration between detection assays and/or specimens were performed using non-parametric Mann-Whitney
Wilcoxon rank-sum test (unpaired) or Wilcoxon signed rank test (paired). (For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the
web version of this article.)

Fig. 2. Continued
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Fig. 2. Continued

have shown that gargle samples are comparable, but with slightly
higher cycle threshold (Ct) values than those of nasopharyngeal
and oropharyngeal swabs8 . Mouth gargle samples are easy to collect, acceptable to patients2 , and have the advantage over saliva
that it is non-viscous and can dilute inhibitors present in the samples.
Our study has the strength of being prospective, inclusion of a
wide age range (12 to 81 years), wide spectrum of clinical severity (from asymptomatic to critically ill), and covering all stage of
illness (from 1 to 19 days of onset). There are limitations in our
study. First, our cohort were all conﬁrmed COVID-19 patients, thus
we cannot analyze speciﬁcity. Secondly, we did not specify the sequence of mouth gargle and DTS collection; however, we gave explicit instructions to separate the collection of the specimens to be
at least 30 min apart, which should negate the collection sequence
bias. In conclusion, our ﬁndings suggested mouth gargle showed
excellent correlation with DTS and can be a choice of self-collected
specimen for mass screening of asymptomatic individuals.
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Low incidence rate of diarrhoea in COVID-19 patients is
due to integrin
Dear Editor,
Coronavirus disease-19 (COVID-19), which was caused by Severe
Acute Respiratory Syndrome-related Coronavirus 2 (SARS-CoV-2),
has been a global pandemic. The ﬁrst key step of SARS-CoV-2 entry
is attachment and binding to cell receptor angiotensin-converting
enzyme 2 (ACE2) by spike protein (S).1 Integrin family consists of
18 α and 8 β subunits, which form tens of transmembrane heterodimers. It has been determined that many integrins associated
with other proteins by recognizing RGD or KGD peptide. Previously
we proposed an inhibitory role for integrin in the receptor targeting of SARS-CoV-2.2 Both S protein of SARS-CoV-2 and ACE2 have
an RGD in their sequences, with ACE2 possessing a KGD.2 Based
on the integrin-binding motif in S sequence, other researchers hypothesized that integrin could be an alternative receptor for SARSCoV-2.3 However, the real function of integrin in SARS-CoV-2 entry
is not determined experimentally.
To verify the interaction of integrin with SARS-CoV-2 S and
ACE2, we over-expressed these proteins in 293T cells and performed co-immunoprecipitation (co-IP). Integrin β 5 was found to
interact with S and ACE2 (Fig. 1A). The association of integrin α V
with S and ACE2 was also conﬁrmed (Fig. S1). These results indicated that integrin can interact with the S protein of SARS-CoV2 and ACE2, respectively. Because RGD/KGD residues are classical integrin-binding motifs, we went on to determine the dependence of these motifs in S-integrin and ACE2-integrin interactions.
We constructed RGE and RGA mutants of S. Co-IP showed that either RGE or RGA bound with integrin β 5 less (Fig. 1B), suggesting
that RGD motif was important for integrin binding. S 405E mutation signiﬁcantly suppressed integrin α V binding (Fig. 1B). The
KGD motif in ACE2 was mutated to KGE and KGA. The amount of
mutant ACE2 co-immunoprecipitated with integrin α V and β 5 was
lower than wild type ACE2 (Fig. S2), indicating that KGD residues
was involved in ACE2-integrin interaction.
Having conﬁrmed the interaction of integrin with S and ACE2,
we proposed that integrin potentially interrupted receptor targeting of SARS-CoV-2 S. To test our hypothesis, we transfected plasmids expressing ACE2 and S into 293T cells in the presence or
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absence of integrin. GFP-tagged S co-precipitated less ACE2 in the
presence of integrin α V (Fig. 1C). Co-IP using S, ACE2 and integrin
β 5 came to the same result (Fig. 1C). These results demonstrated
that integrin could interfere with the binding of ACE2 and SARSCoV-2 S protein.
The inhibitory role of integrin in S-ACE2 binding suggested that
the integrin could perturb the entry of SARS-CoV-2. Taking advantage of pseudovirus system which has been successfully established in our lab, we went further to determine the role of integrin in SARS-CoV-2 entry. This SARS-CoV-2 pseudovirus particle
(SARS-CoV-2pp) was packaged by four plasmids expressing ﬁreﬂy
luciferase, gag, rev, S protein, respectively. The S is changed to envelope G protein of vesicular stomatitis virus (VSV) for constructing VSVpp. We ﬁrst tested whether integrin itself supported SARSCoV-2 entry by transfecting 293T cells with integrin α V only. In
contrast to 293T cells transfected with human ACE2, 293T cells expressing integrin α V produced undetectable luciferase activity signal (Fig. S3). This result indicated that integrin was not a receptor for SARS-CoV-2 pseudovirus. Then we examined the effect of
exogeneous integrin on SARS-CoV-2 entry into 293T cells expressing ACE2. Compared to unconditioned group, pretreatment of either SARS-CoV-2pp or cells with exogenous integrin α Vβ 5 reduced
luciferase activity (Fig. 1D). However, incubating VSVpp with integrin α Vβ 5 did not affect VSVpp entry (Fig. 1D). Pretreating 293T
cells slightly inhibited VSVpp entry. Integrin α Vβ 5 addition did not
change cell viability in all these conditions (Fig. 1D).
Gastrointestinal symptoms have been described in COVID-19
patients.4–7 However, the incidence rate of diarrhoea in COVID19 patients is low.8 We evaluated the expression of SARS-CoV-2
receptor ACE2 in intestinal tract by analyzing single-cell sequencing data (GSE125970) containing 14,537 human intestinal cells. 14
different cell clusters were veriﬁed in intestinal tissues. ACE2 was
found mainly in intestinal epithelial progenitor cells and intestinal epithelial cells. Since integrin plays an inhibitory role in the
receptor targeting of SARS-CoV-2, we examined the expression of
various integrin subtypes in intestinal tract and found broad distribution of integrin A1, A2, A3, A6, AE, AV, B1, B4, B5, B6 and B8 in
all 14 cell clusters (Fig. 2). In this case, the high level of intestinal
integrin may be related to rare diarrhoea in COVID-19 patients.
In conclusion, our work found that both α V and β 5 subtypes of
integrin inhibited S-ACE2 interaction and entry of SARS-CoV-2pp
by binding to S and ACE2, which largely relied on RGD/KGD motifs. ACE2 has been proven to mediate SARS-CoV-2 entry into human cells by researches on multiple levels. ACE2 was found highly
expressed in digestive system by single-cell RNA sequencing, while
diarrhoea was not often reported in patients infected with SARSCoV-2. This raised a question about the existence of inhibitory factors. The integrin-binding motif in S sequence makes integrin on
plasma membrane become a candidate mediator. Our research for
the ﬁrst time experimentally identiﬁed the association between integrin and SARS-CoV-2 S. At the same time, co-IP results showed
that both two types of integrin interacted with ACE2. These results indicate that integrin could play a role in S-ACE2 binding,
which may not be promoting effect but inhibitory function. To verify our hypothesis, we performed co-IP in the presence of integrin
and conﬁrmed the inhibitory role of it in S-ACE2 binding. Integrin
kills two birds with one stone that neutralizing virus by binding
to S, meanwhile, masking the receptor by binding to ACE2. In accordance with co-IP results, less SARS-CoV-2pp entered into 293T
cells when the virus and cells were preincubated with recombinant integrin α Vβ 5 protein. This result not only demonstrated the
inhibitory effect of integrin on SARS-CoV-2 entry, but also provided
a strategy for antivirus research. Combined with our sc-RNA analysis which showed high expression levels of multiple integrin types
in intestine, the low incidence of diarrhoea in COVID-19 patients
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Fig. 1. Integrin inhibited SARS-CoV-2 pseudovirus infection through inhibition of S-ACE2 binding. (A) Integrin β 5 interacted with SARS-CoV-2 S and ACE2. Top, Myc-tagged
integrin β 5 with or without GFP-tagged S was transfected into 293T cells. Cell lysates were immunoprecipitated using anti-GFP antibody. Bottom, integrin β 5-Myc was
expressed in 293T cells with or without ACE2-HA. Cell lysates were precipitated with anti-HA antibody. (B) RGD motif in S protein was important for its binding with
integrin β 5 and integrin α V. Top, Wild type S and two single-amino acid mutants (405E, 405A) were expressed in 293T cells receptively with integrin β 5-Myc. Bottom, wild
type S or S 405E mutant was expressed in 293T cells. Lysates was immunoprecipitated by GFP. (C) SARS-CoV-2 S and ACE2 interaction was inhibited by integrin α V and
integrin β 5. Left, GFP-tagged full-length S and HA-tagged ACE2 were co-expressed in 293T cells with or without Myc-tagged integrin α V. Right, GFP-S and ACE2-HA were
transfected with or without integrin β 5-Myc. Cell lysates were immunoprecipitated by GFP antibody. (D) Integrin α Vβ 5 protein inhibited SARS-CoV-2 pseudovirus infection.
293T cells were transiently transfected with ACE2-expressing plasmid. Left top: SARS-CoV-2 pseudovirus and ACE2-expressing cells were separately treated with recombinant
human integrin α Vβ 5 protein. Then the 293T cells were infected by SARS-CoV-2 pseudovirus for 48 h and pseudovirus entry was indicated with luciferase activity. Left down:
Cell viabilities were measured. Right top: ACE2-expressing 293T cells and VSVpp were pretreated with integrin α Vβ 5 protein. Then the cells were infected with integrin
α Vβ 5 conditioned or unconditioned VSVpp. Luciferase activity was measured after 48 h. Right down: Cell viability under two conditions were not affected.

Fig. 2. Single-cell analysis of ACE2 and different integrin subtypes expression in human intestine. The expression of ACE2, integrin A1 (ITGA1), A2(ITGA2), A3(ITGA3), A6(ITGA6),
AE(ITGAE), AV(ITGAV), B1(ITGB1), B4(ITGB4), B5(ITGB5), B6(ITGB6) and B8(ITGB8) in 14 cell populations were presented by violin plots. 0, small intestine enterocyte progenitor cell; 1, large intestine paneth-like cell; 2, small intestine enterocyte; 3, large intestine stem cell; 4, small intestine stem cell; 5, small intestine paneth cell; 6, large
intestine enterocyte; 7, small intestine transit amplifying cell; 8, large intestine goblet cell; 9, small intestine goblet cell; 10, large intestine enterocyte progenitor cell; 11,
large intestine enteroendocrine cell; 12, large intestine transit amplifying cell; 13, small intestine enteroendocrine cell.
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may be partially explained. The function of integrin in virus-host
interaction may need re-deﬁned.
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Cytomegalovirus infection in critically ill patients with
COVID-19
To the Editor,
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Previous studies have shown that patients hospitalised with
coronavirus disease 2019 (COVID-19) have a high risk of secondary
infections; intensive care unit (ICU) admission, prolonged mechanical ventilation, and severe lymphopenia are likely causes. 1 Cytomegalovirus (CMV) has infected the majority of people globally. The reactivation of CMV occurs in 30% of immunocompetent patients with acute respiratory distress syndrome (ARDS) and
is associated with increased mortality.2 CMV reactivation is especially concerning in patients with COVID-19 because ARDS is
a common complication of severe COVID-19. However, data on
CMV infection in critically ill patients with COVID-19 is scarce.
Therefore, we evaluated the frequency and clinical characteristics of CMV cases in COVID-19 patients who required mechanical
ventilation.
We retrospectively reviewed consecutive patients with COVID19 requiring invasive mechanical ventilation for more than one
week in our centre between April 2020 and February 2021. We
collected data on clinical characteristics and laboratory ﬁndings
from medical charts. All patients were conﬁrmed as having severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) positivity by reverse-transcription polymerase chain reaction (PCR) on
nasopharyngeal and throat swabs. We screened for CMV infection
using the CMV antigenaemia assay for detecting pp65 antigen in
peripheral blood leukocytes. We analysed patients with serial assays for CMV screening during their ICU stay. CMV infection was
deﬁned as ≥ 1 antigen-positive cell per 50,0 0 0 leukocytes and two
consecutive positive assays. CMV disease was classiﬁed as proven,
probable, or possible according to a previous study.3 The institutional review board approved this study and waived the requirement for informed consent. Data is presented as median and interquartile range. Continuous variables were analysed using the
Mann-Whitney U test, while categorical variables were analysed
using Fisher’s exact test. The duration of mechanical ventilation
was analysed using the Kaplan–Meier method, and the differences
between groups were compared using the log-rank test. The duration of mechanical ventilation in the CMV group was deﬁned as
the time from initiation of mechanical ventilation to CMV diagnosis. All p-values were two-sided, and a p-value < 0.05 was considered statistically signiﬁcant. All statistical analyses were conducted
using R, version 3.6.3.
A total of twenty-six patients were enroled in our study. All patients had negative CMV antigenaemia screening tests on ICU admission. Of twenty-six patients, 6 patients (23.1%) developed CMV
infection during mechanical ventilation (CMV group), while the remaining patients did not develop CMV during mechanical ventilation (non-CMV group). There was no signiﬁcant difference in the
testing interval for CMV antigenaemia assay between the groups
(median, 8 days vs. 7 days, P = 0.76). Table 1 summarises patient
characteristics at ICU admission and clinical course. The median
ages were 76.5 (66.25–80) years and 72 (62.5–76) years in the CMV
and non-CMV groups, respectively (P = 0.38). Lymphocyte count
on ICU admission was lower in the CMV group than in the nonCMV group (393 /μL vs. 525 /μL; P = 0.062). C-reactive protein,
serum albumin, and D-dimer levels were not signiﬁcantly different between the groups. The CMV group had a signiﬁcantly longer
duration of mechanical ventilation than the non-CMV group (40.5
days vs. 18.0 days, respectively, P = 0.010). The CMV group also
had a signiﬁcantly higher incidence of complications from bacterial or fungal infections and mortality rate. Two out of six patients
in the CMV group died, whereas none of the patients in the nonCMV group died (P = 0.046).
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Table 1
Characteristics at ICU admission and clinical course according to CMV infection.

Characteristics at ICU admission
Age, yr
Sex, female, n (%)
PaO2 / FiO2 ratio
Lymphocyte count, /μL
Neutrophil-to-lymphocyte ratio
C-reactive protein, mg/dL
Serum albumin, g/dL
D-dimer, μg/mL
Clinical course
Corticosteroid use, n (%)
Duration of mechanical ventilation, days
Bacterial infection, n (%)
Fungal infection, n (%)
Death, n (%)

CMV infection (n = 6)

Non-CMV infection (n = 20)

p-value

76.5 (66.25–80)
3 (50%)
173.5 (161.3–180.8)
393 (234–476)
20.2 (13.0–32.2)
8.42 (5.45–16.02)
2.75 (2.63–3.10)
1.49 (1.08–1.95)

72 (62.5–76)
8 (40%)
188.2 (155.6–246.2)
525 (412–723)
12.0 (7.5–21.7)
5.29 (4.26–10.24)
2.70 (2.40–3.23)
2.13 (1.21–6.79)

0.38
>0.99
0.39
0.062
0.083
0.32
0.78
0.24

6 (100%)
40.5 (31.0-NA)
5 (83.3%)
4 (66.7%)
2 (33.3%)

20 (100%)
18.0 (13.0–31.0)
5 (25%)
2 (10%)
0 (0%)

>0.99
0.010
0.018
0.013
0.046

Duration of mechanical ventilation in the CMV group indicates the time from initiation of MV to CMV diagnosis. CMV: cytomegalovirus; NA: not available.
Table 2
Clinical summary of six patients with CMV infection.
Case

Age/Sex

MV duration (days)

Median test interval (days)

Days since the last negative test

pp65 cell count (/105 WBC)

CMV disease

Outcome

1
2
3
4
5
6

80/F
80/M
82/M
58/F
64/F
73/M

33
31
38
43
58
38

9
8
7
7
9
8

14
6
6
8
3
5

1348
16
2
8
42
2

Proven
Possible
−
Possible
Possible
−

Death
Recovery
Recovery
Recovery
Recovery
Death

MV duration indicates the time from initiation of MV to CMV diagnosis. CMV: cytomegalovirus; MV: mechanical ventilation; WBC: white blood cell.

Table 2 summarises the six patients who developed CMV infection. Although all patients received ganciclovir therapy for CMV
infection, two patients eventually died from refractory respiratory
failure. The patient in Case 1 died four days after a positive CMV
antigenaemia test result; the patient was diagnosed with CMV
pneumonia from post-mortem lung ﬁndings. In this patient, the
antigenaemia assay was performed four times, with a median test
interval of 9 days, except for a two-week gap between the negative
third and the positive fourth results (high positive cell count). The
patient in Case 6, the only patient who developed neither bacterial
nor fungal secondary infection, was considered to have died from
ARDS due to refractory COVID-19 pneumonia.
We investigated the frequency and characteristics of CMV infection in critically ill patients with COVID-19 requiring mechanical
ventilation for more than one week. In our study, approximately
one in four patients developed CMV infection during mechanical
ventilation and one patient died from CMV pneumonia. CMV infection was associated with lymphopenia on ICU admission, prolonged mechanical ventilation, and increased mortality. Our results
suggest that CMV disease may be underestimated in COVID-19 patients in the ICU setting.
Risk factors for CMV disease or its recurrence include corticosteroid use, prolonged mechanical ventilation, and lymphopenia.4 , 5
COVID-19 contains these aspects due to its disease characteristics.
Moreover, these are risk factors for disease recurrence or secondary
infections in patients with COVID-19.1 , 6 , 7 Further, infection with
SARS-CoV-2 induces M1 polarisation of macrophages that promote
the reactivation of latent CMV; inﬂammatory cytokines such as tumour necrosis factor-α may be directly associated with CMV reactivation. Importantly, CMV infection may be associated with accelerated immunosenescence, leading to the attrition of naive T
cells.8 The decreased naive T-cell response may contribute to subsequent uncontrolled cytokine production and worse clinical outcomes. Therefore, physicians should be extremely aware of CMV
infection in patients with COVID-19 ARDS compared to that in
those with non-COVID-19 ARDS.

CMV reactivation and virus-induced immune dysfunction may
be overlooked as a cause of immunomodulation in patients with
severe COVID-19.9 Considering that the lung is a major reservoir
for CMV and patients with COVID-19 are at risk for CMV disease,10
CMV pneumonia may be underestimated in critically ill patients
with COVID-19 pneumonia.11 Untreated infection can lead to rapid
deterioration and fatal outcomes. Therefore, routine monitoring for
CMV infection may help improve outcomes in COVID-19 patients
in the ICU setting.
This study had some limitations. First, this is a preliminary retrospective study with a small sample, precluding deﬁnite conclusions. Second, we screened for CMV infection using the CMV antigenaemia assay. This might be inferior to PCR in case of leukopenia. Finally, in patients with COVID-19, the optimal threshold value
for CMV infection and the signiﬁcance of pre-emptive anti-CMV
therapy remains unclear. Further research is needed to deﬁne the
management of secondary CMV infection in critically ill patients
with COVID-19 who are at high risk for CMV reactivation.
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Initial viral load and decay kinetics of SARS-CoV-2
lineage B.1.1.7 in the upper respiratory tract of adults
and children
Dear Editor,
We read with interest the systematic review published by
Walsh et al. in the Journal of Infection,1 focusing on the dynamics of SARS-CoV-2 RNA at the upper respiratory tract (URT). In
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this context, a novel SARS-CoV-2 variant lineage (B.1.1.7), ﬁrst detected in the UK at the end of 2020 has transmission advantage
over other lineages.2 Increased transmissibility of the B.1.1.7 variant has been linked to enhanced ACE2 aﬃnity3 allegedly resulting in higher viral loads in URT, an observation that has been
reported in some,3–6 but not all7 large series published to date.
In addition, longer duration of SARS-CoV-2 RNA shedding in URT
has been reported in individuals infected by the B.1.1.7 variant as
compared to controls;8 if proven, this may have important implications regarding isolation policies. The current retrospective, observational study was undertaken to gain further insight into the
above issues. It included a convenience sample of 990 individuals
(799 aged >18 years; 507 females) testing positive for SARS-CoV2 RNA in nasopharyngeal specimens (NP) by the TaqPath COVID19 Combo Kit (Thermo Fisher Scientiﬁc, MS, USA) between June
2020 and April 2021. The study was approved by INCLIVA Research Ethics Committee. A total of 338 subjects (median age, 38
years; range, 1–93 years) were infected by the SARS-CoV-2 lineage B.1.1.7 (179 had COVID-19-Supplementary Table 1). The study
included a control group of 652 individuals, 339 presenting with
COVID-19 (median age, 40.6 years; range, 0–95 years) infected by
other variants, of which 390 were characterized by whole-genome
sequencing (Supplementary Table 2). Individuals belonging to the
control group were matched with the B.1.1.7 group for sex and
age. Among patients with COVID-19, the time from symptoms onset to RT-PCR testing was 5 days (range, 1–10 days) in the B.1.1.7
group and 4 days (range, 1–10 days) in the control group, with no
differences between children and adults. As for asymptomatic individuals (140 infected by the B.1.1.7 variant), RT-PCR testing was
performed within the ﬁrst 10 days since diagnosis (for household)
or contact with (for non-household) the index case in individuals
from both groups. A total of 1152 NP specimens (median 1 specimen/patient; range, 1–3) were included in the analyses described
below.
We found that SARS-CoV-2 B1.1.7-infected individuals displayed
initial NP viral loads around 1 log10 higher than controls (median,
7.6 log10 copies/ml; range, 3.3–12.1 vs. 6.8 log10 copies/ml; range,
2.4–13.1; P < 0.001), a ﬁgure that concurs remarkably with that
observed by Jones et al.,4 and overall support previous observations3–6 reported in studies involving large cohorts, that were nevertheless poorly deﬁned regarding subject age, individual clinical
condition at diagnosis, timing of URT specimen collection or all of
the above. A subanalysis including only SARS-CoV-2 B1.1.7-infected
individuals as conﬁrmed by whole-genome sequencing (n = 108)
yielded comparable results (P < 0.001) (not shown). A novel observation was that the difference in viral load between B.1.1.7 and
non-B.1.1.7 infected individuals remained signiﬁcant (P < 0.001) for
adults (Fig. 1B), but not for children (P = 0.41) (Fig. 1C). When
symptomatic patients infected by either the B.1.1.7 or other variants were analyzed separately, initial viral loads were also higher
(P = 0.04) for adults (Fig. 1D), but again not (P = 0.16) for children (Fig. 1E), although a trend towards higher viral loads was noticeable in B.1.1.7 infected subjects. We hypothesize that a more
robust early innate immune response to SARS-CoV-2 in children
as compared to adults may minimize the apparent replicative advantage of the B.1.1.7 variant over other less transmissible ones.9
Likewise, Asymptomatic adults infected by the B.1.1.7 variant had
higher initial SARS-CoV-2 RNA loads (P = 0.02) than controls
(Fig. 1F).
It is of interest that SARS-CoV-2 RNA loads measured in the
comparison groups were unlikely to be biased by differences in
cellularity across NP specimens, as determined by ampliﬁcation of
the β -glucuronidase housekeeping gene by RT-PCR10 in 50 randomly selected participants (24 infected by the B.1.1.7 variant and
26 from controls). In fact, median CT was similar (P = 0.43) between NP samples in both groups (not shown).
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Fig. 1. Whisker plots depicting initial SARS-CoV-2 RNA loads in nasopharyngeal specimens from individuals infected by either the B.1.1.7 variant or other variants. Participants
were sampled at either primary care centers aﬃliated to the Clínico-Malvarrosa Health Department, which attends 350,0 0 0 inhabitants in Northwest Valencia (Spain), or at
its tertiary reference hospital (Hospital Clínico Universitario de Valencia, Spain-HCU-). NP were collected by trained nurses, placed in 3 ml of Universal Transport Medium
(UTM, Becton Dickinson, Sparks, MD, USA) and delivered to the Microbiology Service of HCU for testing. Specimens were analyzed by RT-PCR within 24 h of receipt. We
used the TaqPath COVID-19 Combo Kit (Thermo Fisher Scientiﬁc, MS, USA), which targets SARS-CoV-2 ORF1ab, N and S genes, following RNA extraction carried out by using
the Applied BiosystemsTM MagMAXTM Viral/Pathogen II Nucleic Acid Isolation Kits coupled with Thermo ScientiﬁcTM KingFisher Flex automated instrument. The AMPLIRUN®
TOTAL SARS-CoV-2 RNA Control (Vircell SA, Granada, Spain) was used as the reference material for estimating SARS-CoV-2 RNA load (in copies/mL, taking RT-PCR CT for
the N gene). The B.1.1.7 lineage was conﬁrmed by whole-genome sequencing in 108 cases, whereas in the remaining 230 it was inferred by S-gene target failure (SGTF)
in the RT-PCR as within the timeframe of specimen collection (mid-February-April 2021) more than 95% of SGTFs detected in the Clínico-Malvarrosa Health Department
belonged to that lineage (not shown). Control individuals were sampled before the SARS-CoV-2 B1.1.7 variant was ﬁrst detected in our Health Department in early January
2021. Moreover, the SARS-CoV-2 RNA S-gene was detected in NP from all these participants. The data are depicted for all participants (A); adults (B), children (≤18 years old)
(C); adults with COVID-19 (D); children with COVID-19 (E) and asymptomatic adults (F). The absence of non-B.1.1.7-infected asymptomatic children in the cohort precluded
meaningful comparison of viral loads between these individuals and those infected by other variants. Differences between medians were compared using the Mann-Whitney
U test. The Chi-squared test was used for frequency comparisons. Two-sided P-values < 0.05 were considered statistically signiﬁcant. Statistical analyses were performed
using the SPSS v.25 program. P values for comparisons across groups are shown.
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A total of 162 participants (51 infected by the B.1.1.7 variant
and 111 controls), had 2 or more follow-up NP specimens collected
within 3 weeks after diagnosis of SARS-CoV-2 infection. As shown
in Fig. 2, decreasing viral loads were observed in most participants,
regardless of whether they were infected with the B.1.1.7 variant
(2A) or not (2B). SARS-CoV-2 RNA half-life in URT could be calculated for 25 individuals infected by the B.1.1.7 variant and 56
controls. Most individuals in both comparison groups were adults
and were matched (P > 0.5) by sex, the presence or absence of
symptoms, hospitalization (Supplementary Table 3) and age (median, 38 years in both groups). As shown in Fig. 2C, SARS-CoV-2
RNA load half-life was similar (P = 0.18) among groups (B.1.1.7 infected: median 1.54 days; range, 0.5–17 days; controls: 2.42 days;
range, 0.27–36 days). In contrast to our ﬁndings, Calistri et al.8 reported longer persistence of SARS-CoV-2 RNA in NP specimens in
individuals infected with the B.1.1.7 variant (median 16 days) compared to controls (median 14 days). Nevertheless, the major drawbacks of that study were the lack of information on clinical status
of participants and the absence of sequential specimens collected
on an individual basis.
The current study has several limitations, most notably its retrospective design, the lack of follow-up specimens from many participants, the low numbers of children with B.1.1.7 symptomatic infection and with non-B.1.1.7 asymptomatic infection and the lack of
precise information on the timing of specimen collection in asymptomatic subjects following contact with the index case. Furthermore, the number of individuals from whom viral load half-life
could be calculated was limited.
In summary, our data support that initial SARS-CoV-2 load is
higher in B.1.1.7-infected adult individuals than in those infected by
other variants, regardless of presence or absence of symptoms, but
not in symptomatic children. Nevertheless, the data did not suggest
an extended duration of SARS-CoV-2 RNA shedding in the URT in
individuals infected with the B.1.1.7 variant.
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Fig. 2. Kinetics of SARS-CoV-2 RNA load in nasopharyngeal specimens from individuals either infected by the B.1.1.7 variant (A) or by other variants (B) through
week 3 after diagnosis of SARS-CoV-2 infection. Trajectories of SARS-CoV-2 RNA
load in URT were classiﬁed as rising or decreasing, as the variation in the viral
load between consecutive specimens was > or <0.5 log10 copies/ml (upper limit
of intra-assay log10 variation), respectively. SARS-CoV-2 RNA half-life in the upper
respiratory tract from individuals either infected by the B.1.1.7 variant or by other
variants (C). The kinetics of SARS-CoV-2 RNA clearance followed a logarithmic decay curve in most individuals, expressed by the equation yt =y0 e−kt , where y0 is
the initial SARS-CoV-2 RNA load, t is time of follow-up specimen sampling since
diagnosis (initial RT-PCR result) and k is the decay constant. SARS-CoV-2 RNA load
half-life was then calculated using the equation ln2/k. SARS-CoV-2 RNA half-life in
URT was calculated only for individuals (25 infected by the B.1.1.7 variant and 56
controls) that met two criteria: (i) displaying a descending trajectory throughout
the study period (three weeks); (ii) the follow-up specimen used for calculations
was collected within 4–10 days after the initial one. P value for comparisons across
groups is shown.
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Evidence of the reduction of acute circulating
communicable viruses during the SARS-CoV-2 pandemic
in London
Dear Editor,
We read with interest the report by Poole and colleagues who
found a sharp reduction in non-SARS-CoV2 respiratory virus infection during the COVID-19 pandemic.1 To conﬁrm these ﬁndings
in children as well as adults, and to investigate the effect of the
COVID-19 pandemic on gastrointestinal and varicella zoster virus
infections, we undertook a review covering two, large hospitals in
London: The Royal Free Hospital (RFH; a large teaching hospital in
north London) and Great Ormond Street Hospital (GOSH; a specialist hospital for children in central London). We used a retrospective observational design and included all ‘ﬁrst positive’ reverse
transcriptase polymerase chain reaction (RT-PCR) test results between April 2019 and March 2021 for respiratory viruses (inﬂuenza
A and B and respiratory syncytial virus (RSV) at RFH and GOSH,
with parainﬂuenza, enterovirus and adenovirus also included from
GOSH) and gastrointestinal viruses (norovirus at both RFH and
GOSH, with other enteric viruses included at RFH (sapovirus, rotavirus, adenovirus and astrovirus), and varicella zoster virus results from RFH.
Comparing pre-pandemic (April 2019-March 2020) with pandemic periods (April 2020-March 2021) there was an 87.5% reduction in positive tests for gastrointestinal viruses at RFH and GOSH
(585 vs. 73; Fig. 1) and a 62.2% reduction in paediatric respiratory viruses at GOSH (2381 vs. 899; Fig. 2). We observed 53.8%
reduction in varicella at RFH (65 vs. 30), with the mean monthly
number of cases being 5.4 pre-pandemic and 2.7 during the pandemic. There was also a 98.8% reduction in respiratory viruses at
RFH (969 vs. 12), however due to the pandemic, demand management of all RT-PCR tests was implemented from October 2020, limiting direct comparisons.
Further analysis is needed to infer causality however the
markedly shorter and less severe ﬂu inﬂuenza epidemic and rapid
decline in respiratory viruses coincide with the introduction of
the wide range of non-pharmaceutical public health interventions
(NPI) such as: movement restrictions, social distancing, face coverings and increased personal hygiene.2 It’s also possible that the
introduction of restrictions including the reduction in global travel
may have a part to play. There is also the question of viral interference during a pandemic. However, the evidence we present here
suggests the COVID-19 pandemic has had a profound effect on circulating varicella, gastrointestinal, respiratory viruses in the populations covered by two large hospitals in London.
These ﬁndings support the growing evidence base covering a
range of localities around the world. Data from the WHO Global Inﬂuenza Surveillance and Response system shows that across countries in the Southern Hemisphere there has been little Inﬂuenza
activity since mid-April 2020, despite increased testing in some
countries.3 In the UK, Public Health England (PHE) have also reported that circulating seasonal respiratory viruses, other than
SARS-CoV-2 was similar overall compared to levels reported in recent years with lower levels of Respiratory Syncytial Virus (RSV)
seen than in previous seasons in England.4 A signiﬁcant reduction
in RSV cases have also been shown in Australia.5 In one area of
the UK, rhinovirus detection in adults admitted to hospital was signiﬁcantly lower in summer 2020 compared to 2019, however this
increased once schools reopened in September 2020.6
There is also evidence of reduced circulation of enteric viruses.
PHE has reported an 89% reduction in reported cases of norovirus
and rotavirus during the seasons affected by the pandemic, when
compared to the average of 2015–2020 seasons. 7 A German study
has shown an almost complete reduction in positive norovirus
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Fig. 1. A graph showing the monthly number of positive enteric virus tests between April 2019 and March 2021 at Great Ormond Street and Royal Free Hospitals.

Fig. 2. A graph showing the monthly number of positive respiratory virus tests from April 2019 to February 2021 at Great Ormond Street Hospital.
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tests;8 and an Australian study demonstrated an 84.2% reduction
in enterovirus detection.9
The decrease in varicella cases may lead to potential increases
in complications as older children will still be susceptible, as well
as a potential rise in cases due to the reduction in boosting of
adults with varicella exposure.
These ﬁndings are unprecedented and likely to be similar for
other transmissible viruses for which data are not routinely collected. Taken together, these data suggest that there is likely to
have been a build-up in numbers of children and adults susceptible
to these common infections with potential for epidemics to occur
following easing of lockdown. We suggest that there is a need for
modeling to better understand the possible impact on healthcare
services.
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Outcomes of Covid-19 organizing pneumonia in critically
ill patients
Dear Editor,
Eﬃcacy of corticosteroids in COVID-19 pneumonia has been reported in numerous studies.1 However, Yang et al. concluded that
corticosteroids have a negative impact, suggesting that not all patients beneﬁt from the therapy.2 Features of organizing pneumonia
(OP) have been observed in radiological and histopathological studies from these patients.3–5 OP has usually a good response to corticosteroids. The possible correlation between the radiological pattern and clinical evolution has important implications. This study
provides information on patient selection and clinical application
of corticosteroids.
Adult patients admitted to a respiratory intermediate care unit
(RICU) from November 18th, 2020 to February 18th, 2021 were
prospectively enrolled. Institutional review boards authorised the
study. Informed consent was waived.
A conﬁrmed case of COVID-19 pneumonia was deﬁned as a
patient with compatible symptoms and PCR-conﬁrmed infection.
Only patients needing advanced noninvasive respiratory support
(NIRS) with high ﬂow nasal cannula (HFNC), continuous positive
airway pressure (CPAP) and/or noninvasive ventilation (NIV) were
included. All patients had a “do intubate” (DI) or “do not intubate” (DNI) order deﬁned at admission. Information regarding demographics, comorbidities, blood test results and mode and usage of NIRS were recorded. The severity of respiratory failure was
assessed by PaO2/FiO2 ratio before NIRS institution. Several outcomes were evaluated: length of stay, need for endotracheal intubation (ETI) and in-hospital mortality.
OP was diagnosed, based on radiology reports, in the presence
of bilateral patchy consolidation areas with subpleural and/or peribronchial distribution; perilobular pattern, with thick, ill-deﬁned
linear opacities with a polygonal or arcade appearance; and/or reverse halo sign.3 Bacterial infection was excluded by clinical evaluation, procalcitonin levels, urinary antigens and blood cultures at
admission. Pulmonary embolism was excluded using D-dimer levels and, if increased, CT pulmonary angiogram.
OP was treated, according to BTS 2008 guidelines6 : methylprednisolone 50 0–10 0 0 mg for 3–5 days, followed by 0.75–1 mg/Kg
prednisone. Patients improving under 6 mg dexamethasone were
switched to prednisone and methylprednisolone pulses were used
as a rescue therapy if clinical deterioration and FiO2≥35%. GGO
group was treated with 6 mg dexamethasone.7 Side effects were
recorded.
Baseline characteristics of patients with OP and GGO were compared. Continuous and categorical variables were compared using
Student’s T test and Chi-squared or Fisher’s exact test, respectively.
The association between OP and outcomes was calculated using
a logistic regression model adjusted for age, CCI, DNI order and
PaO2/FiO2. A two-sided test of <0.05 was considered statistically
signiﬁcant.
190 patients were admitted to RICU. At the time of the study,
the hospital was attending 10% of the national cases of COVID19 needing hospitalization. Due to this burden, CT scan was performed in 112. Fig. 1 illustrates patients’ allocation according to CT
scan ﬁndings and outcomes. Table 1 lists patients characteristics
and clinical outcomes according to cohort. Male gender was predominant and the mean age was 67.5 ± 12.1 years. OP group was
signiﬁcantly younger. The PaO2/FiO2 ratio was higher in OP group.
All patients were treated with corticosteroids. Mean time to
dexamethasone was 8.5 ± 3.5 days and to OP treatment was
13.0 ± 5.5 days. 75.4% of OP patients were treated with pulse
methylprednisolone and the remaining with prednisone 0.75–
1 mg/Kg.
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Fig. 1. Patient allocation according to chest CT scan ﬁndings.
ARF: acute hypoxic respiratory failure; NIRS: noninvasive respiratory support; CT: computed tomography; GGO: ground glass opacities; OP: organizing pneumonia; DI: “do
intubate”order; DNI: “do not intubate” order; ETI: endotracheal intubation.

There were no reports of bacterial infection in patients treated
with NIRS but 10 patients who needed invasive mechanical ventilation had hospital acquired infection (3/7 in OP group vs. 7/10 in
GGO group, p = 0.350). Psychosis occurred in 2 patients with OP
under methylprednisolone pulses. There were no records of acute
diabetic complications or gastrointestinal hemorrhage.
Length of stay was similar between groups. 25.9% needed ICU
admission (24.6% in OP group vs. 31.9% in GGO group, p = 0.394).
The global in-hospital mortality was 36.6%, 76.6% in GGO group vs.
8.6% in the OP group (p < 0.001). OP was associated with a signiﬁcant reduction in need for ETI and in-hospital mortality after
adjustment for confounders.
To our knowledge this is the ﬁrst prospective study to evaluate OP outcomes. Since RECOVERY, many clinical trials have stablished the beneﬁt of corticosteroids in COVID-19 patients.1 , 7 However, the speciﬁc mechanisms of corticosteroids in treating COVID19 are not totally understood. The hypothesis that OP in COVID19 is more frequent than in other viral infections may explain
this steroid-responsive effect. We found OP in almost 60% of our
patients.
PaO2/FiO2 ratios were extremely low and more than 50% of
our patients received a “do not intubate” order, supporting the
severity of acute illness and baseline frailty of our population.
This might justify the global in-hospital mortality rate. Interestingly, the need for ETI and mortality rate was signiﬁcantly lower
in the OP group, even after adjustment for age, comorbidities,
“DNI order” and severity of acute respiratory distress syndrome.
Additionally, biological markers associated with worse outcomes,
such as leucocyte count, C-reactive protein, lactate dehydrogenase,
interleukin-6 and ferritin levels,8 were signiﬁcantly lower in the
OP group. These results support the theory that OP presence is by
itself an independent predictor of good prognosis. In fact, literature reports that approximately 70% of OP patients will respond to
corticosteroids.9

Identifying and timely treating this condition may avoid unnecessary ETI and drastically reduce mortality. An important concern
is that the increasingly adopted dexamethasone protocol may be
insuﬃcient, especially in critical care patients, as OP management
requires higher doses, prolonged treatment and careful tapering.6
Considering the critically ill nature of our patients, the positive impact on outcomes and the absence of signiﬁcant side effects, this
approach seems to be beneﬁcial. Nevertheless, the adequate minimal dose of corticosteroids for COVID-19 OP are unknown, particularly because of the secondary nature of the disease.
One limitation of this study is the absence of histopathologic
conﬁrmation. Second, as all OP patients were treated, we cannot
guarantee that the beneﬁt found was due to OP by it-self or due
to the use of high dose of corticosteroids. Finally, larger studies are
necessary to conﬁrm these results.
In conclusion, our study showed that radiological features of OP
are frequent. Critically ill patients should undergo a chest CT scan
in order to identify this condition as treatment with high doses
of corticosteroids seems to reduce the need for ETI and hospital
mortality.
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Table 1
General characteristics and clinical outcomes according to cohort.
Demographic and clinical characteristics
Total

Patients
Age, years
Male
CCI, points
DNI order
Length of symptoms, days
Laboratory ﬁndings
Leucocytes, 109 cells per L
Lymphocyte, 109 cells per L
C-reactive protein, mg/L
Procalcitonin, ng/mL
Ferritin>1500 ng/mL
Lactate dehydrogenase, U/L
Interleukin-6, pg/mL
D-dimer, μg/mL
PaO2/FiO2, mmHg
NIRS
HFNC
CPAP/NIV
Treatment
Corticosteroids
Remdesivir

Cohort

p-value

GGO

OP

112
67.5 (12.1)
76 (67.9)
3.4 (1.9)
60 (53.6)
8.5 (3.7)

47
73.1 (9.0)
35 (74.5)
3.8 (1.6)
32 (68.1)
8.0 (3.5)

65
63.4 (12.4)
41 (63.1)
3.1 (2.1)
28 (43.1)
8.9 (3.9)

<0.001
0.203
0.069
0.009
0.241

7.9 (4.1)
0.9 (0.4)
152.6 (79.9)
0.5 (0.7)
32 (30.8)
444.1 (174.2)
138.4 (336.1)
2407.0 (8239.4)
94.9 (35.1)

9.0 (5.1)
0.9 (0.4)
171.3 (82.4)
0.6 (1.0)
15 (35.7)
485.9 (178.5)
228.6 (513.8)
3032.3 (10,023.3)
86.3 (29.5)

7.1 (2.9)
1.0 (0.4)
139.0 (75.8)
0.4 (0.5)
17 (27.4)
413.9 (165.9)
80.2 (96.1)
1967.3 (6762.8)
101.8 (37.9)

0.012
0.322
0.034
0.076
0.037
0.030
0.025
0.509
0.024

95 (67.0)
37 (33.0)

37(78.7)
19 (40.4)

58 (89.2)
18 (27.7)

0.126
0.157

111 (99.1)
7 (6.3)

46 (97.9)
3 (6.4)

65 (100.0)
4 (6.2)

0.420
0.961

Clinical outcomes and relative probability
Total

Length of stay, days
ETI
Crude
Adjusted#
Hospital mortality
Crude
Adjusted#

Cohort

p-value

OP

OR (95% CI)

15.4 (12.1)

15.6 (9.6)

1.0 0 0 (1.0 0 0–1.0 0 0)

0.495

17 (18.3)

7 (10.8)

0.08 (0.02–0.39)
0.06 (0.01–0.44)

0.002
0.003

41 (36.6)

5 (7.7)
0.03 (0.01–0.08)
0.03 (0.01–0.11)

<0.001
<0.001

Data are presented as n (%) or mean (SD). GGO: ground glass opacities; OP: organizing pneumonia; CCI: Charlson comorbidity index; DNI: “do not intubate”;
PaO2/FiO2: arterial oxygen tension /inspiratory oxygen fraction; NIRS: noninvasive respiratory support; HFNC: high ﬂow nasal cannula; CPAP: continuous positive airway pressure; NIV: nonivasive ventilation; ETI: endotracheal intubation.
#
: adjusted for age, CCI, DNI order and arterial oxygen tension/inspiratory oxygen fraction ratio.
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