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and combined pharmacotherapy have 
been recommended for patients with 
early-stage steroid-induced ONFH.11
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Assistance Publique–
Hôpitaux de Paris’ 
response to the 
COVID-19 pandemic
Assistance Publique–Hôpitaux de 
Paris (AP-HP) is the largest teaching 
hospital trust in Europe, with 
39 hospitals, 20 000 beds (10% of 
all public hospital beds), and an 
association with seven universities. 
AP-HP also hosts 40% of the French 
biomedical research. As a result of its 
size and location, AP-HP has been a 
major player in France’s COVID-19 
response, as it was in responding 
to terrorist attacks.1 AP-HP has a 
reputation of being an institution 
with a size, cumbersome operations, 
and internal competition that 
prevent any nimble response. We are 
a group of health-care professionals 
at AP-HP who are directly involved 
in the management of the COVID-19 
response by AP-HP. Having faced the 
COVID-19 pandemic, and remaining 
humble in facing the future, we 
describe how size and coordinated 
management might actually have 
helped the organisation, speed, and 
consistency of the response to the 
COVID-19 crisis.

AP-HP initially estimated that 
no more than 1000 patients with 
COVID-19 would be simultaneously 
admitted to intensive care units (ICUs) 
in the Île-de-France region; 400 of 
these patients would be admitted to 
ICUs in the AP-HP, close to the 
maximum capacity. However, the sit­
uation became worse than expected 
(appendix). At the height of the 
COVID-19 pandemic, 2677 patients 
with COVID-19 were admitted into 
ICUs in the region, 41% of whom 
were admitted to AP-HP. A few points 
deserve discussion.

A specific medical organisation was 
established, led by a central crisis 
medical director who was appointed 
by the CEO and supported by medical 
directors in each hospital. A clear chain 
of medical responsibilities enabled a 
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reactive operational decision making 
process throughout the whole 
institution.

Human resources for recruiting and 
training specialised staff were allocated 
from a single platform (appendix). 
We experienced shortage of various 
equipment and consumables made 
in Asia.2 Centralised logistics made 
it possible to adjust quantities daily, 
in response to supply shortages. 
Universities called upon thousands 
of students in medicine, nursing, 
pharmacy, and dentistry who under­
went specific training to work as 
paramedics, research assistants, or 
operators on a telemedicine platform.3

Management of available beds was 
crucial, so a central ICU bed-allocation 
system was organised at the regional 
level to optimise patient transfers 
across hospitals. This allocation unit 
was led by surgeons who were available 
as a result of the postponement of 
non-essential surgeries.

Using multidisciplinary working 
groups, practical guidelines were 
edited within 48–72 h, shared among 
all hospitals, and published on an 
AP-HP website. Examples of guidelines 
include the appropriate use of scarce 
equipment or drugs, optimal use of 
ventilators, and ethical issues. These 
guidelines were discussed during 
the central crisis team’s twice-daily 
telephone meetings. Critical care 
response was coordinated through a 
daily meeting of ICU heads.

A COVID-19 research committee 
developed a global research strategy 
that was shared with the universities 
and INSERM. The top priorities were 
establishment of patient cohorts, 
biobanking, and clinical trials. More 
than 40 clinical studies enrolled 
more than 7000 patients. This fast 
initiation of research was possible 
because of a shared research support 
infrastructure and reallocation of all 
research personnel, supplemented by 
volunteers. The centralised pharma­
ceutical office made drugs and 
placebos available at each hospital. 
The value of this research effort will 
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be judged from the peer-reviewed 
scientific output in the near future.

The response to the crisis was 
data-driven, thanks to a single insti­
tutional data platform fed by a 
single information system, providing 
important decision making param­
eters (eg, length of stay, treatment, 
clinical pathway) in real time.

Large-scale initiatives were rap­
idly developed. Each day, a farm 
of 63 3D printers manufactured 
1000 parts of various medical devices, 
bypassing a slow supply chain and 
avoiding disabled equipment. The 
Covidom telemedicine platform 
monitored more than 50 000 patients 
at home (appendix).3

A region-wide patient-tracing 
programme, COVISAN, was set up.4 
Devised by AP-HP under the umbrella 
of the regional health authority, 
the COVISAN programme brought 
together local authorities, general 
practitioners, non-governmental 
organisations, and private companies, 
which helped to secure the national 
lockdown exit plan.

All this was made possible because 
of extraordinary mobilisation and 
joint efforts of medical, paramedical, 
and administrative staff and with 
reinforcements from other regions 
(appendix). The COVID-19 crisis hit an 
institution that already had a short­
age of nurses. A substantial number 
of health-care professionals became 
infected. We wish to acknowledge the 
tireless work of the highly motivated 
personnel at AP-HP. The COVID-19 crisis 
is not yet behind us; nevertheless, at a 
time when virtually every health system 
in the world is facing unprecedented 
challenges, we hope others will find our 
initial lessons helpful.
Members of the COVID19-APHP Group are listed in 
the appendix. We declare no competing interests.
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The COVID-19 MS 
Coalition—accelerating 
diagnostics, prognostics, 
and treatment
Rapid and comprehensive genetic 
sequencing has shed light on the 
origin of severe acute respiratory syn­
drome coronavirus 2 (SARS-CoV-2) 
and allowed timely implementation 
of PCR tests to determine the presence 
of viral RNA. PCR tests for SARS-CoV-2 
are some way from being reliably 
qualitative and will never indicate 
how the disease might progress in 
an individual. As COVID-19 becomes 
endemic, there is a concomitant need 
for accurate serological assays to detect 
antibodies to SARS-CoV-2 antigens and 
ultimately tests for prognostic markers 
to target treatment options.1,2 With this 
considerable genetic insight, and the 
emerging structural information, comes 
associated questions regarding the 
molecular descriptors that contribute 
to disease progression, especially when 
we consider spread across different 
populations. The power of mass spec­
trometry to generate rapid, precise, and 
reproducible diagnostic information that 
complements genomic information and 
accelerates our understanding of the 
disease, is now becoming a reality.3,4

Mass spectrometry-based analysis 
can answer questions broadly falling 
into two categories. The first concerns 
multi-omic profiling of the host 
response, correlating prognosis with 
disease severity. Robust biomarkers will 
further our understanding of disease 
mechanisms and the susceptibility 
of certain clinical groups. The most 
valuable of these prognostic markers 
will be those indicating the transition 
from a beneficial immune response 
to one that is harmful, ultimately 
resulting in respiratory distress. Such 
data will facilitate public health efforts 
for population screening, defining 
high-risk patients, tracking disease 
progression, and identifying sources of 
vulnerability that will permit treatment 
stratification and minimise or prevent 
future coronavirus pandemics.

The second category concerns the 
SARS-CoV-2 viral spike glycoprotein, 
which is not only key for host-cell 
attachment but is also a major tar­
get for neutralising antibodies elicit­
ed through vaccination. Although 
RNA sequencing is extraordinarily 
informative for viral mutation or 
adaptation via immune selective 
pressure, it cannot inform on a critical 
feature of enveloped viruses: viral 
spike glycosylation. The functional 
role of SARS-CoV-2 spike glycans, 
of which there are 66 per trimer,5 is 
undetermined yet, along with asso­
ciated conformational dynamics that 
shape receptor or antibody binding, a 
key factor for vaccine design. Investi­
gating spike glycosylation and plastic­
ity with advanced mass spectrometry 
methods on recombinant preparations 
and comparing this to wild type viral 
proteins is crucial to this effort.

The COVID-19 MS Coalition is 
a collective mass spectrometry 
effort that will provide molecular 
level information on SARS-CoV-2 
in the human host and reveal 
pathophysiological and structural 
information to treat and minimise 
COVID-19 infection. Collaboration 
with colleagues at pace involves 
sharing of optimised methods for 
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