
1www.eurosurveillance.org

Research

Investigation of a COVID-19 outbreak on the Charles 
de Gaulle aircraft carrier, March to April 2020: a 
retrospective cohort study

Franck de Laval1,2 , Hervé Chaudet1,3,4 , Olivier Gorgé⁵ , Joffrey Marchi¹ , Constance Lacrosse¹ , Aissata Dia¹ , Vanessa Marbac⁶ 
, Bakridine Mmadi Mrenda¹ , Gaëtan Texier1,3 , Flavie Letois¹ , Charles Chapus⁵ , Véronique Sarilar⁵ , Jean-Nicolas Tournier⁵ , 
Anthony Levasseur4,7 , Jacques Cobola⁶ , Flora Nolent⁵ , Fabien Dutasta⁸ , Frédéric Janvier⁸ , PA-CDG COVID-19 investigation 
group⁹ , Jean-Baptiste Meynard1,2 , Vincent Pommier de Santi1,3

1. French Armed Forces Center for Epidemiology and Public Health (CESPA), Marseille, France
2. Aix-Marseille University, INSERM, IRD, SESSTIM (Economic and Social Sciences, Health Systems, and Medical Informatics), 

Marseille, France
3. Aix-Marseille University, IRD, AP-HM, SSA (French Military Health Service), VITROME, Marseille, France
4. University Hospital Institute Méditerranée Infection, Marseille, France
5. French Armed Forces Biomedical Research Institute (IRBA), Brétigny-sur-Orge, France
6. French Military Health Service, Toulon, France
7. Aix Marseille University, IRD, AP-HM, MEPHI, Marseille, France
8. Sainte-Anne Military Teaching Hospital, Toulon, France
9. PA-CDG COVID-19 investigation group members are listed under Collaborators.
Correspondence: Franck de Laval (f_de_laval@hotmail.com)

Citation style for this article: 
de Laval Franck, Chaudet Hervé, Gorgé Olivier, Marchi Joffrey, Lacrosse Constance, Dia Aissata, Marbac Vanessa, Mmadi Mrenda Bakridine, Texier Gaëtan, Letois 
Flavie, Chapus Charles, Sarilar Véronique, Tournier Jean-Nicolas, Levasseur Anthony, Cobola Jacques, Nolent Flora, Dutasta Fabien, Janvier Frédéric, PA-CDG 
COVID-19 investigation group, Meynard Jean-Baptiste, Pommier de Santi Vincent. Investigation of a COVID-19 outbreak on the Charles de Gaulle aircraft carrier, 
March to April 2020: a retrospective cohort study. Euro Surveill. 2022;27(21):pii=2100612. https://doi.org/10.2807/1560-7917.ES.2022.27.21.2100612

Article submitted on 08 Jun 2021 / accepted on 16 Dec 2021 / published on 26 May 2022

Background: SARS-CoV-2 emergence was a threat for 
armed forces. A COVID-19 outbreak occurred on the 
French aircraft carrier Charles de Gaulle from mid-
March to mid-April 2020. Aim: To understand how 
the virus was introduced, circulated then stopped 
circulation, risk factors for infection and severity, 
and effectiveness of preventive measures. Methods: 
We considered the entire crew as a cohort and col-
lected personal, clinical, biological, and epidemio-
logical data. We performed viral genome sequencing 
and searched for SARS-CoV-2 in the environment. 
Results: The attack rate was 65% (1,148/1,767); 1,568 
(89%) were included. The male:female ratio was 6.9, 
and median age was 29 years (IQR: 24–36). We exam-
ined four clinical profiles: asymptomatic (13.0%), non-
specific symptomatic (8.1%), specific symptomatic 
(76.3%), and severe (i.e. requiring oxygen therapy, 
2.6%). Active smoking was not associated with severe 
COVID-19; age and obesity were risk factors. The 
instantaneous reproduction rate (Rt) and viral sequenc-
ing suggested several introductions of the virus with 
4 of 5 introduced strains from within France, with an 
acceleration of Rt  when lifting preventive measures. 
Physical distancing prevented infection (adjusted 
OR: 0.55; 95% CI: 0.40–0.76). Transmission may have 
stopped when the proportion of infected personnel 
was large enough to prevent circulation (65%; 95% 
CI: 62–68). Conclusion: Non-specific clinical pictures 
of COVID-19 delayed detection of the outbreak. The 
lack of an isolation ward made it difficult to manage 

transmission; the outbreak spread until a protective 
threshold was reached. Physical distancing was effec-
tive when applied. Early surveillance with adapted pre-
vention measures should prevent such an outbreak.

Introduction
Infectious diseases are a common threat in the armed 
forces [1], which can experience epidemics that impact 
their capabilities or, alternatively, personnel may intro-
duce pathogens into naive populations [2]. Controlling 
infectious diseases in the armed forces is a challenge, 
and military health services must be able to detect, 
investigate, and react to the emergence of new patho-
gens and outbreaks [3]. For example, a military ship’s 
crew is a cohort-like population, with members living 
closely together in a confined space; such environ-
ments can be catalysts for virus transmissions. The 
emergence and spread of the severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) virus [4] and the 
related disease coronavirus disease (COVID-19) across 
Europe in early 2020 exemplify such a threat, as evi-
denced by COVID-19 outbreaks on the Diamond Princess 
cruise ship [5] and the USS Theodore Roosevelt aircraft 
carrier [6]. At that time, this virus, its transmission, and 
the symptoms of the disease were unknown [7,8].

In January 2020, the French Carrier Battle Group 
(CVBG), including the aircraft carrier Charles de Gaulle 
(PA-CDG) and its carrier air wing, left the city of Toulon, 
its home port in South-eastern France, for a 4-month 
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mission. From February to April, the CVBG navigated 
between the Mediterranean and the North Sea, mak-
ing only two stopovers in Limassol (Cyprus, 21–26 
February) and Brest (Western France, 13–16 March). 
In addition, the PA-CDG, as a hub airport at sea, took 
many service members on board, directly from land 
or from the other ships of the CVBG. On 7 April 2020, 
a COVID-19 outbreak was reported on the Charles de 
Gaulle. An investigation team was sent on board to 
perform testing and confirm the diagnosis. Exhaustive 
case identification and systematic isolation was per-
formed once the PA-CDG docked in Toulon on 13 April, 
and the crew disembarked.

Our aim was to describe the entire outbreak, including 
a hypothesis to explain how the virus was introduced 
on board. In addition, we present the clinical profile of 
the COVID-19 cases including risk factors for infection 

and severity, the effectiveness of preventive measures 
and the potential protective threshold in our setting.

Methods

Study design
The investigation was conducted as a retrospec-
tive cohort by the French Armed Forces Center for 
Epidemiology and Public Health (CESPA) among the 
1,767 service members of the PA-CDG present on board 
between 21 February and 13 April 2020.

Our study started with the stopover in Limassol, as 
there was no SARS-CoV-2 circulation identified in 
France and Europe when the PA-CDG departed Toulon 
on 21 January 2020 [4]. The complete timeline of the 
PA-CDG journey is available in  Supplementary Figure 
S1.

Data sources
From 23 to 30 April, each service member was phoned 
by investigators with experience conducting a retro-
spective survey, using a standardised questionnaire. 
We chose this type of investigation because service 
members were isolated or quarantined. The questions 
were about personal (sex, age, body mass index (BMI), 
active smoking, blood group and rhesus factor), clini-
cal (medical history, presence of symptoms, and dates 
of symptom onset/disappearance), and epidemiologi-
cal data (date of boarding, places where they slept/had 
meals/worked, possible exposure to COVID-19, 1-to-3 
score (never/sometimes, often and always) for appli-
cation of physical distancing > 1 m, face mask wearing, 
and hand hygiene). When necessary, we obtained addi-
tional information from medical records and consulta-
tion registers. The first 30 confirmed COVID-19 cases 
were more extensively interviewed for precise dates 
and close contacts and/or possible exposure to other 
COVID-19 cases during the 14 days before symptom 
onset.

Case definitions
A biologically confirmed COVID-19 case was any ser-
vice member with a positive SARS-CoV-2 quantitative 
(q)RT-PCR test. A confirmed COVID-19 case was any 
service member with a positive SARS-CoV-2 qRT-PCR 
and/or presenting symptoms of anosmia and/or ageu-
sia. We included anosmia and ageusia in the definition 
because of their high specificity for COVID-19 disease, 
in order to identify cases earlier in those whose qRT-
PCR test was negative at the time of investigation [9].
For this investigation, we used the following four clini-
cal profile definitions: (i) asymptomatic case (no symp-
toms within 14 days of a positive SARS-CoV-2 qRT-PCR 
test), (ii) specific symptomatic (with symptoms indica-
tive of COVID-19, e.g. anosmia, ageusia, cough, or 
fever), (iii) non-specific symptomatic (with other symp-
toms), and (iv) severe (requiring oxygen therapy).

Figure 1
Flowchart of the COVID-19 outbreak investigation on the 
Charles de Gaulle aircraft carrier, April 2020

Target population
n = 1,767

including RT-PCR pos n = 1,085 

Declined to participate
n = 199

RT-PCR neg AND no 
anosmia or ageusia

n = 492

Absence of data
n = 12

RT-PCR pos
n = 1,001

Asymptomatic 
n = 130

Non-specific 
symptomatic

n = 81

Specific 
symptomatic 

n = 764

Severe
n = 26

COVID-19 confirmed cases
(RT-PCR pos + and/or anosmia and/or ageusia)

n = 1,064

Study group
n = 1,568

Investigation

COVID-19: coronavirus disease; neg: negative; pos; positive.

See details of data inside the blue dashed line in Table 1.
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Table 1
Demographic characteristics, risk factors, and symptoms according to clinical profile among biologically confirmed 
COVID-19 cases, Charles de Gaulle aircraft carrier, April 2020 (n = 1,001)

Variables
Total positive RT-PCR

n = 1,001a

Clinical profile

p value 
for clinical 

profileb

Asymptomatic

n = 130a

Non-specific 
symptomatic

n = 81a

Specific 
symptomatic

n = 764a

Severe

n = 26a

n % n % n % n % n %
Sex
Female 121 12.1 12 9.2 11 13.6 95 12.4 3 11.5

0.74
Male 880 87.9 118 90.8 70 86.4 669 87.6 23 88.5
Age (years)
18–25 314 31.4 51 39.2 30 37.0 231 30.3 2 7.7

< 0.001
26–35 414 41.4 56 43.1 34 42.0 321 42.1 3 11.5
36–45 182 18.2 20 15.4 13 16.0 139 18.2 10 38.5
46–60 90 9.0 3 2.3 4 4.9 72 9.4 11 42.3
Hypertension
No 985 98.4 129 100.0 80 100.0 751 98.8 25 96.2

0.21
Yes 10 1.0 0 0.0 0 0.0 9 1.2 1 3.8
Respiratory illness
No 990 98.9 129 100.0 80 100.0 755 99.3 26 100.0

0.67
Yes 5 0.5 0 0.0 0 0.0 5 0.7 0 0.0
Active smoking
No 676 67.5 78 60.0 51 63.0 523 68.5 24 96.0

0.003
Yes 323 32.3 52 40.0 30 37.0 240 31.5 1 4.0
BMI ≥ 25
No 597 59.6 80 61.5 47 58.8 462 61.4 8 30.8

0.02
Yes 391 39.1 50 38.5 33 41.2 290 38.6 18 69.2
Symptoms
Fever 449 44.9

NA NA

NA NA 425 55.6 24 92.3

NA

Cough 356 35.6 NA NA 333 43.6 23 88.5
Headache 562 56.1 45 55.6 497 65.1 20 76.9
Asthenia 459 45.9 30 37.0 411 53.8 18 69.2
Anosmia 550 54.9 NA NA 539 70.5 11 42.3
Ageusia 446 44.6 NA NA 436 57.1 10 38.5
Rhinitis 379 37.9 31 38.3 340 44.5 8 30.8
Myalgia 448 44.8 24 29.6 400 52.4 24 92.3
Odynophagia 155 15.5 10 12.3 142 18.6 3 11.5
Earache 35 3.5 0 NA 34 4.5 1 3.8
Malaise 31 3.1 0 NA 28 3.7 3 11.5
Dyspnoea 272 27.2 6 7.4 247 32.3 19 73.1
Chest pain 131 13.1 8 9.9 111 14.5 12 46.2
Diarrhoea 150 15.0 8 9.9 128 16.8 14 53.8
Vomiting 24 2.4 3 3.7 18 2.4 3 11.5
Abdominal pain 61 6.1 1 1.2 55 7.2 5 19.2
Other 61 6.1 4 4.9 54 7.1 3 11.5

BMI: body mass index; COVID-19: coronavirus disease; NA: not applicable.
a Missing data explain the differences between totals of each variable.
b Chi-squared test.
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Table 2
Logistic regression analysis of possible factors associated with COVID-19-confirmed cases, Charles de Gaulle aircraft 
carrier, April 2020 (n = 1,221a)

Variables
Univariate analysis Multivariate analysis

OR 95% CI p value ORa 95% CI p value
Individual characteristics
Sex
Female Ref

NA
Male 1.28 0.91–1.79 0.15
Age (years)b

18–25 Ref
26–35 1.17 0.88–1.55 0.29 1.30 0.95–1.78 0.10
36–45 0.95 0.67–1.34 0.75 1.05 0.73–1.51 0.81
46–60 1.64 0.98–2.84 0.07 1.79 1.03–3.20 0.04
Active smoking
No Ref
Yes 0.55 0.43–0.71 < 0.001 0.57 0.44–0.73 < 0.001
BMI ≥ 25
No Ref

NA
Yes 1.12 0.88–1.44 0.36
Blood group
A Ref

NA
AB 1.30 0.68–2.67 0.45
B 0.78 0.52–1.18 0.23
O 0.87 0.67–1.13 0.30
Rhesus factor
Negative Ref

NA
Positive 0.90 0.63–1.29 0.58
Infection prevention measures
Physical distancing
Never/sometimes Ref
Often 0.85 0.64–1.14 0.27 0.91 0.68–1.23 0.54
Always 0.51 0.37–0.69 < 0.001 0.55 0.40–0.76 < 0.001
Hand hygiene
Never/sometimes Ref

NAOften 0.91 0.38–1.99 0.82
Always 0.75 0.33–1.58 0.47
Environment
Mess hall
Crew Ref
Non-commissioned officer 1.10 0.85–1.42 0.47 1.01 0.76–1.34 0.93
Officer 0.76 0.50–1.17 0.21 0.61 0.38–0.98 0.04
Work Area
Flight deck 4.03 2.10–8.72 < 0.001 4.09 2.10–8.97 < 0.001
Other Ref
Sleeping compartment occupancy
1–4 Ref

NA
5–10 1.03 0.73–1.46 0.86
11–15 1.10 0.80–1.52 0.56
> 15 1.12 0.77–1.63 0.55

BMI: body mass index; CI: confidence interval; COVID-19: coronavirus disease; NA: not applicable; OR: odds ratio; ORa: adjusted odds ratio; 
Ref.: reference.

a Study group (n = 1,568) excluding cases with missing data for the model (n = 347).
b Age was forced into the model for the multivariate analysis.
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Biological confirmation and testing strategy
A first panel of 67 patients presenting ongoing symp-
toms was sampled on board on 8 April 2020, con-
firming SARS-CoV-2 as the pathogen responsible for 
the outbreak. Then, from 14 to 17 April, all the ser-
vice members underwent clinical screening and test-
ing after they disembarked. Sampling was performed 
under biosecurity conditions using nasopharyngeal 
swabs. The qRT-PCR tests were analysed using either 
the LightCycler480 System (Roche Diagnostics) with 
assays set-up by the French Armed Forces Biomedical 
Research Institute (IRBA, Brétigny-sur-Orge) for sam-
ples taken on 8 April, and for later samples the cobas 
6800 system with cobas SARS-CoV-2 kits (Roche 
Diagnostics) to target the Orf1a/b domain, performed 
according to the manufacturer’s instructions. Results 
were qualitative and the Cq threshold for a positive test 
was 35. Biologically confirmed cases were isolated at 
a military compound or a hospital in the Toulon area 
depending on the severity of their case, and those who 
tested negative were quarantined for 14 days. They 
were monitored daily by medical staff and tested if 
symptoms arose. All the qRT-PCR results were collected 
and used for the investigation. A negative qRT-PCR was 
required to leave the quarantine.

SARS-CoV-2 qRT-PCR was also performed on environ-
mental swabs sampled from several common objects 
or surfaces before disinfection and inside the air condi-
tioning system of the aircraft carrier.

Viral genome sequencing
Viral genome sequencing was performed on the first 
60 positive samples taken from the service members 
on 8 April to contribute to molecular epidemiologi-
cal studies (method in  Supplementary Material: viral 
genome sequencing). Viral sequences are available 
online in the GISAID database (https://www.gisaid.
org). The anonymous individual identifiers, GISAID 
accession numbers, and other data can be found in 
the Supplementary Table S1.

Statistical analysis
All statistical analyses were done using R [10]. We 
first studied the outbreak dynamics based on the epi-
demic curves and the instantaneous reproduction rate 
(Rt;  Supplementary Methods: study of instantaneous 
reproduction rate). Then, we studied the circulation of 
the virus between sleeping compartments and work 
areas; the results are summarised in a chord diagram. 
Finally, we identified risk factors for SARS-CoV-2 infec-
tion and severity of COVID-19 using stepwise logistic 
regression, a descending step-by-step method that 
considers variables with p < 0.25 in univariate analysis 
or having an effect already recognised in other studies 
(especially age). We also tested a random-effect model 
on sleeping compartments, mess halls, and work 
areas; it was only significant for work areas.

Results

Population
Of 1,767 service members on the PA-CDG, the over-
all attack rate for COVID-19-confirmed cases was 
65.0% (1,148/1,767). Among these, 1,568 (88.7%) 
were included in the study (Figure 1) to describe the 
outbreak, and 199 (11.3%) did not participate in the 
outbreak description (177 did not answer their mobile 
phone despite several calls and information messages, 
and 22 declined the offer to participate). Both par-
ticipating vs non-participating groups differed in their 
mean ages (31.0 vs 27.8, p < 0.001), and in their RT-PCR 
positivity rates (64.7% vs 43.8, p < 0.001).

In the study group (n = 1,568), the sex ratio was 6.9 
(1,369 men/199 women), and median age was 29 years 
(interquartile range (IQR): 24–36). Median body mass 
index (BMI) was 24.2 (IQR: 22.2–26.1). Several ser-
vice members (n = 21; 1.3%) presented risk factors for 
severe COVID-19: arterial hypertension (n = 14), res-
piratory disease (n = 6), and diabetes (n = 1). Of the 
1,568, 568 (36.2%) were active smokers. There were 
593 (38.3%) crew members, 773 (49.7%) non-commis-
sioned officers, and 187 (12.0%) officers. In the study 
group, 1,064 (67.9%) were COVID-19-confirmed cases, 
including 1,001 (94.1%) biologically confirmed cases 
and 63 (5.9%) cases with an early onset of anosmia 
and/or ageusia and a negative qRT-PCR at the time of 
investigation.

Clinical presentation, risk factors and exposure 
of COVID-19 cases
Among the 1,001 biologically confirmed cases, we 
describe four clinical profiles: asymptomatic (n = 130; 
13.0%), non-specific symptomatic (n = 81; 8.1%), spe-
cific symptomatic (n = 764; 76.3%), and severe (n = 26; 
2.6%) (Table 1). Median duration of symptoms at the 
time of the investigation was 8 days (IQR: 4–12). Age 
(p < 0.001) and BMI (p < 0.02) increased with the inten-
sity of the clinical profile, in contrast to active smok-
ing, which decreased (p = 0.003).

We examined risk factors for infection in the entire 
study group but excluding cases with missing data for 
the model (Table 2). Active smoking was associated 
with reduced infection (adjusted odds ratio (ORa): 0.57; 
95% confidence interval (CI): 0.44–0.73), contrary to 
age group (46–60 vs 18–25 years) (ORa: 1.79; 95% CI: 
1.03–3.20). Sex, blood group, BMI and a history of risk 
factors were not associated with SARS-CoV-2 infection.

Preventive measures
We evaluated the effectiveness of infection preven-
tion measures. Application of physical distancing was 
associated with SARS-CoV-2 infection (ORa: 0.55; 95% 
CI: 0.40–0.76), contrary to the score of hand hygiene. 
Since face masks were required only for cases with 
symptoms indicative of COVID-19 on board in March, 
and for all service members once the epidemic was 
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confirmed on 8 April, this prevention measure could 
not be studied in statistical analyses.

We also examined the infection risk in sleeping, eating, 
and working areas. Working on the flight deck led to 
greater odds of SARS-CoV-2 infection (ORa: 4.09; 95% 
CI: 2.10–8.97) than the other areas; it was where the 
outbreak began. The officers’ mess hall (which is like 
a restaurant where personnel density was low during 
meals) was associated with lower odds (ORa: 0.61; 95% 
CI: 0.38–0.98) than the mess hall used by the crew 
(self-service and high density).

Disease severity
A total of 29 severe cases were recorded. Of these, 26 
had a positive qRT-PCR (details are in  Table 1). Three 
cases required hospitalisation in an intensive care 
unit, none died. We examined risk factors for severity 
among confirmed COVID-19 cases: Active smoking was 
inversely associated with severe COVID-19 (ORa: 0.12; 
95% CI: 0.01–0.57). Conversely, belonging to the oldest 
age group (ORa: 8.81; 95% CI: 1.01–61.08) and having a 
BMI above 25 (ORa: 3.12; 95% CI: 1.22–9.02) were risk 
factors for severity (Table 3).

Epidemiological description of the outbreak
Among all 1,064 confirmed COVID-19 cases, a date of 
symptom onset was available for 959 (90.1%), from 
which an epidemiological curve associated with the 
progression of estimated Rt  (Figure 2) was generated. 
Final R during the outbreak was 2.86. Of all service 
members on board, the final proportion of COVID-
19 confirmed cases was 65.0% (1,148/1,767; 95% CI: 
62–68).

The statistically significant changes in the epidemio-
logical and Rt  curves highlighted five phases in the 
progression of Rt: (i) an initial phase of low circulation 
with sporadic cases (1.1 < Rt < 2.2), (ii) an acceleration fol-
lowing the Brest stopover associated with Rt peaking at 
3.9, (iii) a phase of moderate virus circulation starting 
between 21 and 24 March, with Rt between 1 and 2, (iv) 
an epidemic phase starting between 31 March and 1 
April, with Rt peaking at 2.9, and (v) a slowing down of 
the epidemic, which began on 8 April and crossed the 
level of Rt = 1 on 13 April.

Interviews with the first 30 confirmed cases revealed 
that two early chains of transmission had started 
before the stopover in Brest, accounting for the ship’s 
first eight COVID-19 confirmed cases. The date of symp-
tom onset of the first case was 28 February, leading to 

Table 3
Logistic regression analysis of exposure factors linked to severity of COVID-19, Charles de Gaulle aircraft carrier, April 
2020 (n = 845a)

Variables
Univariate analysis Multivariate analysis

OR 95% CI p value ORa 95% CI p value
Sex
Female Ref

NA
Male 0.88 0.29–3.79 0.83
Age (years)
18–25 Ref
26–35 1.47 1.28–10.65 0.66 1.19 0.23–8.70 0.84
36–45 7.07 1.75–47.29 0.01 4.76 1.14–32.30 0.05
46–60 14.4 1.40–98.54 0.001 8.81 1.01–61.08 0.008
Active smoking
No Ref
Yes 0.09 0.01–0.45 0.02 0.12 0.01–0.57 0.04
BMI ≥ 25
No Ref
Yes 3.92 1.57–11.08 0.005 3.12 1.22–9.02 0.02
Blood group
A Ref

NA
AB 1.16 0.06–6.59 0.89
B 1.01 0.15–4.13 0.99
O 1.20 0.47–3.18 0.70
Rhesus factor
Negative Ref

NA
Positive 0.98 0.33–4.24 0.98

BMI: body mass index; CI: confidence interval; COVID-19: coronavirus disease; NA: not applicable; OR: odds ratio; ORa: adjusted OR.
a COVID-19-confirmed cases (n = 1,001) in the study group, excluding cases with missing data for the model (n = 156).
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only one secondary case among sleeping compartment 
mates on 11 March (Figure 2). The second index case 
developed symptoms on 2 March. This case led to five 
secondary and tertiary cases between 6 and 17 March 
among individuals working on the flight deck and using 
a very densely occupied break room. During the 4-day 
stopover in Brest from 13 to 16 March, 97% of person-
nel disembarked. Some went to restaurants and bars 
while others met relatives who came from all over the 
country. Interviews identified two cases who had symp-
toms during the stopover, eliciting several additional 
virus introductions. After the stopover in Brest, SARS-
CoV-2 actively circulated on board, and it was difficult 
to establish true transmission chains. We examined 
the possible spread of the virus by analysing back-and-
forth movements of confirmed cases between sleeping 
compartments and work areas (Figure 3). Attack rates 
in work areas were between 56.0% and 78.1%, and in 
sleeping compartments between 56.9% and 75.0%. 

Only the flight deck work area and its associated sleep-
ing compartments had a higher attack rate, at 87.5% 
and 85.0% respectively. 

Phylogenetic analyses of subclades
To further examine viral introduction and spread, we 
performed phylogenetic and temporal analyses on 
the 51 strains available among the first 60 SARS-CoV-
2-positive samples. Of these 51 strains, five separate 
groups were identified. Four groups were potentially 
linked to four separate introduction events (high-
lighted in blue, green, pink, and yellow in Figure 4; we 
observed an evolution of the strains with a successive 
accumulation of mutations. When compared with the 
known diversity at the time of the outbreak in France, 
most of the strains clustered with sequences originat-
ing from the Brittany, Hauts-de-France, and Auvergne-
Rhône-Alpes regions. One strain (highlighted in purple 
in  Figure 4) did not cluster with any other PA-CDG 

Figure 2
A. Epidemiological curve of confirmed COVID-19 cases according to date of symptom onset and B. Instantaneous 
reproduction rate curve of the Charles de Gaulle aircraft carrier, April 2020 (n = 959a)
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strain. Its positioning confirms that its origin was dif-
ferent than that of all the other 50 genomes analysed, 
reflecting an additional virus introduction event on the 
PA-CDG. Among all the samples, we observed no sig-
nificant correspondence or proximity to isolates origi-
nating from Cyprus, Italy, Spain, Portugal, or the United 
Kingdom (some service members transited through 

these countries before boarding, see  Supplementary 
Figure S1: Timeline of the main exposure events for 
SARS-CoV-2 introduction).

Environmental analysis
In an examination of environmental samples, 11 swabs 
were positive for SARS-CoV-2 among 38 environmental 

Figure 3
Chord diagram between sleeping compartments and work areas of COVID-19- confirmed cases, Charles de Gaulle aircraft 
carrier, April 2020 (n = 1,064)

Sleeping compartments

Work areas

COVID-19: coronavirus disease.

The top half of the chord diagram represents five main sleeping areas. The bottom half represents 16 work areas; each work area was 
assigned a different colour. The size of the chords spanning across the two halves is proportional to the number of COVID-19-confirmed 
cases in common between two areas.
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samples collected inside the ship (on shared objects 
such as a table, handrail, control panel, joystick, toilet) 
as were several samples from the filters of the air con-
ditioning system. Viral cultures were not performed.

Discussion
This outbreak in a monitored group of military person-
nel living in close quarters in a confined environment 
offered a unique opportunity to describe the natu-
ral progression of SARS-CoV-2 epidemic spread and 
infection characteristics in a young and healthy and 
predominantly male population. Our case definition, 
which considers RT-PCR results but also specific clini-
cal signs, was sensitive enough to capture the real pro-
portion of SARS-CoV-2 infected cases. The attack rate 
was 65%, close to the final 64% seroprevalence meas-
ured on the PA-CDG at the end of the 2-week isolation/
quarantine period [11].

The outbreak began early in March 2020 among the 
personnel of the aircraft carrier’s ‘airport’. Case inter-
views, the epidemic curve, and virus sequencing cor-
roborated the hypothesis of several introductions of 
the virus on board. Even when at sea, an aircraft carrier 
is a hub airport that regularly receives aircraft and pas-
sengers for the entire CVBG. The first chain of trans-
mission was identified among the flight deck staff, 
and eventually the highest attack rate was observed 
in this sub-population. Other introductions occurred 
during the stopover in Brest 2 weeks later. This stop-
over represents a critical point in the outbreak. The 
national lockdown began 2 days later, on 17 March, 
as SARS-CoV-2 was spreading rapidly in Northern and 
Eastern France [12]. At that time, access to RT-PCR tests 
in France was limited. As a rule, ships should avoid 
stopovers in countries where an epidemic is occurring, 
and even more so in the case of an emerging pathogen, 
whose circulation may be underestimated. The results 
of viral genome sequencing were compatible with the 
transmission network inferred from the epidemiologi-
cal data – all the clades identified but one came from 
France.

The epidemic then spread between sleeping compart-
ments and work areas, moving back and forth, and 
the measures taken to stop these flows, e.g. remote 
working, cohorting according to activities, lockdown, 
caused the spread to slow [12]. This pattern may be the 
same in the general population between homes and 
workplaces. Mealtime also played a role in transmis-
sion, as the level of proximity in mess halls was asso-
ciated with probability of infection. During the 15 days 
following the Brest stopover, preventive measures were 
forcefully applied, e.g. hand hygiene, decrease in the 
number of meetings, closing of bars, and particularly, 
physical distancing [13], which was significantly pro-
tective against SARS-CoV-2 infection on the PA-CDG, 
despite the confined environment and high attack rate, 
as on the USS-Roosevelt [14]. This also suggests that 
droplet transmission was predominant in the outbreak. 
We found viral RNA in the air conditioning system, 

illustrating the possibility of aerial transmission. Virus 
exposure through a contaminated environment was 
also possible, as one out of three environmental sam-
ples was positive. However, we cannot conclude on the 
degree to which aerial or environmental transmission 
played a role in the spread.

The prevention measures made it possible to contain 
the speed of virus transmission (1 < Rt < 2). As soon as 
these measures were lifted on 30 March, the outbreak 
expanded, with Rt  increasing to almost 3. Eventually, 
Rt declined and the outbreak stopped. Mandatory face 
mask wearing for the entire crew as well as the system-
atic isolation of cases occurred well after the epidemic 
peak, too late to influence its natural course.

Our results suggest rather that once 65% (95% CI: 
62–68) of the crew had been infected, that proportion 
appeared to be large enough to prevent the virus from 
circulating further. This threshold obtained from a real 
outbreak was consistent with the level of herd immu-
nity deemed necessary to protect the population from 
the viral circulation [15]. With the emergence of more-
contagious SARS-CoV-2 variants, this threshold would 
probably have to be raised [16].

We calculated an asymptomatic case rate of 13%, 
close to that measured on the USS-Roosevelt (19.8%) 
[17] and in other outbreaks that we have investigated 
[18,19]. This rate was lower compared with passengers 
on the Diamond Princess (57.7%), but authors only 
collected respiratory symptoms [20,21]. More gener-
ally, a systematic review carried out by Buitrago et 
al. highlighted an asymptomatic rate of 20% (95% CI: 
17–25) [22]. The low percentage of asymptomatic cases 
could also have been caused by the very low rate of air 
renewal on the PA-CDG, as it has been described that 
the SARS-CoV-2 inoculum could be linked to the clini-
cal profiles of COVID-19 [13].

We had 29 severe cases (2.6%) that required hospitali-
sation with oxygen, which justified the shortening of 
the military mission; all recovered. Our findings con-
firmed that age and BMI were risk factors for increas-
ing COVID-19 intensity [23]. Surprisingly, previous 
usual active smoking behaviour had lower odds of 
infection and its severity, although we expected that 
smoking areas were at risk because of increased close 
contact. Many studies find that smoking is instead a 
risk factor for COVID-19 [24-26]. We obtained this result 
among a young population with no comorbidities, 
who were not yet suffering from the complications of 
smoking. According to other studies which found simi-
lar results, hypothesised mechanisms of interaction 
between smoking and COVID-19 were a possible anti-
inflammatory effect of nicotine, diminished immune 
and cytokine responses, or an increase of nitric oxide 
in the respiratory tract [27,28]. Blood group was not 
associated with the infection or with its severity.
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Figure 4
Maximum likelihood tree inferred from sequenced SARS-CoV-2 genomes, Charles de Gaulle aircraft carrier, April 2020 
(n = 51), and the French SARS-CoV-2 sequences present in the GISAID database, 3 May 2020 (n = 246)

SARS-CoV-2: severe acute respiratory syndrome coronavirus 2.

The two SARS-CoV-2 Wuhan strains are coloured in dark blue text. Red circles indicate sequenced genomes from the Charles de Gaulle 
aircraft carrier. Blue, yellow, pink, purple, and green areas highlight the five different groups of SARS-CoV-2 strains detected on board. The 
authors acknowledge the originating and submitting laboratories of the sequences from GISAID’s EpiFlu Database used in the phylogenetic 
analysis.
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The ship did not have an isolation ward with a separate 
ventilation system, so it was not possible to isolate 
and quarantine the numerous cases and their close 
contacts on board, once the epidemic was underway. 
An early warning and countermeasures would have 
changed the course of the epidemic. The first sign that 
could have early alerted medical staff was the increase 
of patients with upper respiratory symptoms and/or 
anosmia. However, in France, these symptoms were not 
associated with COVID-19 disease before April 2020. 
This underlines the important role of epidemiological 
surveillance [29], in particular syndromic epidemiologi-
cal surveillance based on pre-diagnosis data collec-
tion, for emerging disease detection and management 
[30]. The deployment of multiplex PCR automates would 
have made it possible to exclude routine diagnosis as 
influenza or rhinovirus, leading to the suspicion of an 
unusual pathogen circulating. In the future, wastewater 
viral surveillance would also enable early warnings on 
shipboard viral circulation to be issued [31].

Our study has some limitations. Our findings are 
from observational retrospective data. Recollection 
and misrepresentation biases may have led to errors. 
There were some differences between participants 
and non-participants. However, selection bias should 
be limited, as only 11.3% of the services members did 
not participate to the study. The study group included 
mainly young males, so that our results cannot be 
extrapolated to the general population.

Conclusion
Such an epidemic causes the saturation of care capaci-
ties, the decline in the availability of staff and the dis-
organisation of activities, impacting the operation of 
the community on board in the end. Communities such 
as armed forces should protect themselves from such 
incidents by strengthening adapted prevention and 
early detection capabilities in order to be better pre-
pared for outbreaks.
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