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Abstract

Background

Several outbreaks of pneumococcal pneumonia among shipyard workers have been
described. In this study, following a previous report of grouped cases, we aimed to
elucidate the features of disease onset.

Methods

We compared the population characteristics of shipyard workers with a confirmed
diagnosis of pneumococcal pneumonia (N=38) to those of workers without
pneumonia (N=53). We compared nine S. pneumoniae strains isolated from patients
with pneumonia by capsular serotyping, multi-locus sequence typing, and whole
genome sequencing.

Results

Shipyard workers with Streptococcus pneumoniae pneumonia were more frequently
from Italy (P=0.016), had at least one underlying condition (P=0.024), lived on-board
the ship (P=0.009). None of these factors was independent by multivariate analysis.
While capsular serotyping enabled us to identify four different serotypes: 4 (n =5), 8
(n=2),9N (n=1), and 3 (n = 1), by sequence typing, we distinguished five sequence
types (STs): ST801 (n =4), ST205 (n =2), ST1220 (n=1), ST1280 (n = 1), and ST66
(n =1). Whole genome sequencing confirmed the results obtained by MLST.
Genomes of isolates of the same sequence type were similar with < 80 single-
nucleotide polymorphisms.

Conclusions

We confirmed that the onset of pneumococcal infection among shipyard workers was
attributable to both a person-to-person spread of single strains of S. pneumoniae and a

shift of different strains from commensal to pathogen under favourable conditions



(professional exposure, viral infections). Control measures should therefore be

implemented by taking into account these features.



Introduction

Streptococcus pneumoniae, which colonises the human upper respiratory tract,
is an opportunistic pathogen that may cause invasive life-threatening infections
including bacteraemia, pneumonia and meningitis. Although vaccine-preventable, S.
pneumoniae remains leading microorganism causing lower respiratory infections, a
major cause of mortality worldwide with an estimated 2.38 million deaths in 2016 [1].
Infant vaccination programmes alone may not be sufficient to protect vulnerable
populations against invasive pneumococcal disease (IPD) outbreaks across the globe.
Optimal population-specific vaccination strategies to control outbreaks are needed.
For instance, vaccination with 23-PPV is recommended for welders in the United

Kingdom [2].

Several risk-factors for IPD have been identified, including, age, poor
nutritional status, several comorbidities, and immunosuppression [7]. Grouped cases
of community-acquired pneumonia caused by S. pneumoniae have been described in
recent years among shipyard workers [3—7]. Welders and those exposed to metal
fumes are recognised as being at greater risk of developing IPDs [8]. In addition,
person-to-person spread requires close contact and community-acquired IPD
outbreaks have been described in crowded environments such as jails, military camps
and households [3]. In particular, it has been reported that inadequate ventilation
increases the risk of IPD [9]. In addition to over-crowding, the level of pre-existing

immunity against the infecting strain also affects bacterial transmission [6].

We recently reported an outbreak of pneumococcal pneumonia among
shipyard workers in January and February 2020 in Marseille [7]. At that time, 37
cases were diagnosed, and one more has been reported since. Outbreak control

measures were implemented, including a mass pneumococcal vaccination campaign.



In this study, we aimed to elucidate whether the onset of infection in these grouped
cases was attributable to a propagated outbreak with person-to-person spread of a
single strain of S. pneumoniae or whether it was attributable to a shift of different
strains from commensal to pathogen under favourable conditions (professional

exposure, viral infections), or both.



Materials and Methods

Case and control definition

A confirmed case was defined as a worker or crew member on the cruise liner which
was undergoing renovation in the shipyard between January and February 2020 who
was diagnosed with community-acquired Streptococcus pneumoniae pneumonia
(clinical and radiological signs). Microbiological confirmation corresponded to S.
pneumoniae isolated from blood or respiratory samples, a pneumococcal antigen
detected in the urine, or a positive S. pneumoniae PCR on respiratory samples [10].

A control case was defined as a worker or crew member on the cruise liner
undergoing renovation in the Marseille shipyard between January and February 2020
who had not been diagnosed with community-acquired Streptococcus pneumoniae
pneumonia. Among the control cases for which we collected information as part of a
systematic detailed survey, we differentiated patients with an acute upper respiratory
infection (including rhinitis, pharyngitis, and bronchitis) from asymptomatic patients.
All included patients underwent a medical examination, a chest radiography and
further microbiological analysis. This study was approved by our local ethics
committee.

Epidemiological investigations

We performed a case-control study. A systematic survey was implemented in order to
assess the age, sex, country of residence, medical conditions, occupational status,
exposure to solvents, fumes or dust, and use of protective masks among the cohorts.
We compared these characteristics and the results of the microbiological analysis
between cases with and without a diagnosis of community-acquired S. pneumoniae
pneumonia.

Microbiological investigations



DNA/RNA from pharyngeal swabs were extracted using the QIAamp DNA Mini kit
and Qiacube, both from Qiagen (Hilden, Germany) according to the manufacturer’s
recommendations. The real-time polymerase chain reaction (RT-PCR) specific for S.
pneumoniae targeting the LytA gene was performed as described previously [11].
Respiratory viruses were detected using the FTD Respiratory pathogens 21 qPCR
multiplex panel (Fast Track diagnostic - Siemens Healthineers, Erlanger, Germany).
This commercial system makes direct typing of Influenza (A, HIN1 or B) and
Coronaviruses (HKU1, 229E, NL63 and OC43) possible. Rhinovirus and enterovirus
genotyping was performed by sequencing the VP2-VP4 and VP1 coding region,
respectively, as previously describe [12,13]. The evolutionary analysis of Rhinovirus
strains was inferred using the maximum likelihood method based on the Tamura-Nei
model [14]. Initial tree(s) for the heuristic search were obtained automatically by
applying neighbour-joining and BioNJ algorithms to a matrix of pairwise distances
estimated using the Maximum Composite Likelihood (MCL) approach, and then
selecting the topology with the higher log likelihood value (Figure 1). Finally, the
genotyping of adenoviruses were performed by sequencing a partial hexon region as
described previously [15].

For the detection of S. pneumoniae antigen in the urine, we used the Alere
BinaxNOW test (Waltham, Massachusetts, United States) according to the
manufacturer’s recommendations.

Blood cultures were incubated using the BACT / ALERT® VIRTUO® automated
microbial detection system (Biomérieux, Marcy I'Etoile, France). The subculture of
the positive blood culture was performed using PolyViteX® and Columbia 5% sheep
blood agars plate incubated at 37°C, 5% CO. (Biomérieux, Marcy 1'Etoile, France).

Sputum were cultivated using PolyViteX®, Columbia containing nalidixic



acid/colimycin and MacConkey agar plates incubated at 37°C, 5% CO». For
anaerobic incubation, we use an anaerobic jar (Mitsubishi) and an atmosphere

k™ EZ Anaerobe Container System (Becton Dickinson Franklin

generator, GasPa
Lakes, New Jersey, United States). Identification of bacteria grown was performed by
matrix-assisted laser desorption ionization time-of-flight mass spectrometry as
described previously [16]. Antimicrobial susceptibility testing was performed
according to the European Committee on Antimicrobial Susceptibility Testing
(EUCAST) breakpoints [17].

Bioinformatic and evolutionary analyses

Nine strains of S. pneumoniae isolated from patients with community-acquired
pneumonia were whole genome sequenced and their sequence typing was performed
by multilocus sequence typing (MLST). The genomes were deposited in the European
Nucleotide Archive under the bioproject accession number PRIEB42406.

After genome sequencing, reads were assembled using SPAdes version 3.14.1 with
default parameters [18]. All genomes were annotated using Prokka with default
parameters [19]. Core and accessory genes were identified using Roary [20] with
BLASTP identity of 95% and the percentage of isolates in the core genome taken as
99%. A phylogenetic tree was reconstructed by using MEGA 7 [14] using the
Maximum-Likelihood (ML) method for molecular evolutionary analysis. SNP-sites
were then used to detect SNP in the aligned core genome [21]. A Roary plot was used
to generate the figure of the pangenome with the gene presence and absence of each
sample.

Statistics

PASW Statistics 17.0 (SPSS, Inc., Armonk, USA) was used for the statistical

analysis. Mean +/- SD or median with minimum and maximum was used to describe



continuous variables. The percentage and number of events were used for quantitative
variables. A Student’s t-test or Mann-Whitney U-test was used to perform 2-group
comparisons for quantitative variables. The X2 test was used to perform 2-group
comparisons for qualitative variables, or the Fisher exact test was used when the
expected count was <5. A multivariate analysis using logistic regression was
performed to identify independent risk factors for community-acquired S. pneumoniae
pneumonia. Clinically relevant variables and variables associated (P < .10) with
community-acquired S. pneumoniae pneumonia in univariate analysis were used in

the model. A significance threshold of 0.05 was adopted for all statistical analyses.



Results

Overall, 3,200 workers had daily access to the ship which was undergoing renovation
between January and February 2020. Of the 38 confirmed cases of community-
acquired pneumococcal pneumonia (an attack rate of 4.6/1,000/month), 18 (47.3%)
were hospitalised, including five (13.1%) in the intensive care unit. All survived. The
patients were all shipyard workers, with the exception of one crew member of the
cruise liner. Bacteriological documentation was distributed as follows: 9 (23.7%)
positive blood cultures, 16 (42.1%) positive urinary antigens, 2 (5,3%) positive
sputum cultures, and 24 (63.1%) positive nasopharyngeal RT-PCRs. There were 10
patients with a combined detection of S. pneumoniae with more than one positive
result obtained by a different method of identification. All isolates were susceptible to
amoxicillin, clindamycin, erythromycin, tetracycline and vancomycin, with the
exception of one which was resistant to erythromycin. By capsular serotyping, we
identified four different serotypes: 4 (n=5),8 (n=2),9N (n=1),and 3 (n =1). By
sequence typing, we identified five sequence types (STs): ST801 (n =4), ST205 (n =
2), ST1220 (n=1), ST1280 (n = 1), and ST66 (n = 1). Whole genome sequencing
confirmed the results obtained by MLST. Genomes of isolates of the same sequence
type were similar, with < 80 single-nucleotide polymorphism (SNP) (see
Supplementary Figure 1).

Of the 38 confirmed cases of community-acquired pneumococcal pneumonia, co-
infection with respiratory viruses was identified in 19 (50%) cases. Rhinovirus was
the most commonly identified virus (N=8), followed by Influenza (N=6), Coronavirus
(N=4), Enterovirus (N=1), Respiratory Syncytial Virus (N=1), and Adenovirus (N=1).
In two patients, more than one virus was detected. Of the strains of Rhinovirus, only

three were revealed to be similar through sequence typing (Figure 2). In



asymptomatic patients, only one (9.1%) tested positive for a respiratory virus
(Enterovirus) (see Supplementary Table 1). When comparing patients with and
without S. pneumoniae detection, we found that Rhinovirus detection was strongly
associated with S. pneumoniae detection (13/48 vs. 0/43; p=0.0001) (see
Supplementary Table 2).

When compared with control patients using univariate analysis, case patients with
community-acquired Streptococcus pneumoniae pneumonia were more frequently
from Italy (p=0.016), had at least one underlying condition (p=0.024), and lived on
board the vessel (p=0.009) (Table 1). Using multivariate analysis, we did not identify

any independent risk factors for pneumococcal pneumonia in the studied population.



Discussion and conclusion

In addition to our series of 38 grouped cases of confirmed community-acquired
pneumococcal pneumonia among shipyard workers [7], four other similar grouped cases
have been reported in Europe since 2015 [3-6]. In these reports, the most commonly
pneumococcal capsular serotype identified was serotype 4, although several other
serotypes have been identified within grouped cases (Table 2). Moreover, we found that
strains belonging to the same capsular serotype corresponded in part to different multi-
locus sequence-types (MLSTs), confirmed by whole genome sequencing that provides
additional resolution (Figure 1). The two major pneumococcal capsular serotypes
identified in this study (i.e., 4 and 8) have been associated with a high attack rate [22].
However recent studies have demonstrated that genetic lineage also contributes towards
invasiveness. For instance, clade specific clustering linked to either carriage or invasive
disease have been found among serotype 1 strains from West Africa [10]. However,
because we did not analyse isolates from control cases, we cannot draw any conclusions
with regard to causality. This remains, however, the first report of a case series of
pneumococcal pneumonia among shipyard workers for which whole-genome
sequencing allowed a high-resolution comparison of strains. In addition, most of the
Rhinovirus strains co-detected with S. pneumoniae were different by sequence typing.
Overall, these results call into question the hypothesis of a single strain responsible for
an outbreak with person-to person spread as has been described in prison settings [9,23].

Although there is evidence that droplet transmission occurs for S. pneumoniae
[24], the onset of pneumococcal infections may also be due to the shift of S. pneumoniae
from a commensal to a pathogen through interaction with its host under favourable
conditions such as exposure to airway irritants [25]. Previous investigations into

pneumococcal pneumonia outbreaks among shipyard workers revealed that many



parallel tasks involving exposure to inorganic dust and metal fumes in poorly-ventilated
conditions were performed in close proximity and that some of the individuals exposed
were not using respiratory masks as recommended [6]. In this study, we found no
statistically significant differences between patients with and without community-
acquired pneumococcal pneumonia regarding their age, exposure to airway irritants, and
their use of protective masks (Table 1).

The grouped case of acute respiratory infections among shipyard workers that
we report here occurred in winter. Using PCR, we detected several respiratory viruses
from naso-pharyngeal samples, especially in symptomatic patients with either an acute
upper respiratory infection or pneumococcal pneumonia. It is well known that seasonal
invasive pneumococcal disease (IPD) is more frequent during drier, colder months when
airway secretions are more abundant and is more likely to occur in conjunction with
respiratory viral infections [26]. An increase in the density of S. pneumoniae in the
nasopharynx has been associated with the onset of acute respiratory illness and might
also play a role in person-to-person transmission [27]. Notably, it has recently been
shown that total pneumococcal densities (encompassing all present serotypes) during
asymptomatic periods were significantly higher when a respiratory virus was detected
compared to periods when no virus was detected [27]. Pneumococcal infection severity
has been observed to increase with influenza co-infection [28]. Other respiratory viruses
such as rhinovirus and adenovirus have been associated with increased pneumococcal
colonisation [28].I In outbreak settings, therefore, interventions aimed at preventing co-
infections such as influenza vaccination and measures to reduce person-to-person
transmission such as hand hygiene and protective mask wearing, together with the rapid
detection and isolation of symptomatic patients who test positive for respiratory viruses

and/or S. pneumoniae, may have the potential to interrupt transmission and mitigate



pneumococcal infection [29]. However, complementary interventions specifically
targeting pneumococcus, such as vaccinating the population of shipyard workers are
required to prevent pneumococcal outbreaks [30].

Although the number of patients studied and the number of typed strains are low, and
our systematic survey has been hampered by missing data, this study contributes

further information about the features of the onset of pneumococcal pneumonia

among shipyard workers. Indeed, we confirmed that the onset of pneumococcal
infection among shipyard workers was attributable to both person-to-person spread of
single strains of S. pneumoniae and a shift of different strains from commensal to
pathogen under favourable conditions (professional exposure, viral infections).

Control measures should therefore be implemented by taking these features into

account.



Funding

This work was supported by the French Government under the “Investments for the
Future” programme managed by the National Agency for Research (ANR),
Méditerranée-Infection 10-IAHU-03 and was also supported by Région Provence
Alpes Cote d’ Azur and European funding FEDER PRIMMI (Fonds Européen de
Développement Régional-Plateformes de Recherche et d'Innovation Mutualisées

Méditerranée Infection), FEDER PA 0000320 PRIMMI.

Conlflicts of interest

NC, LL, DF, PEF, AL, PP declare no conflicts of interest.

Authors’ contribution

Interviewing and treating the patients: NC, DF

Laboratory investigations: LL, PEF

Genomic investigation: AL

Manuscript drafting: NC, LL, AL, PP

All authors reviewed the paper.



References

1. GBD 2016 Lower Respiratory Infections Collaborators. Estimates of the
global, regional, and national morbidity, mortality, and aetiologies of lower
respiratory infections in 195 countries, 1990-2016: a systematic analysis for the
Global Burden of Disease Study 2016. Lancet Infect Dis 2018; 18:1191-1210. doi:
10.1016/S1473-3099(18)30310-4.

2. Palmer KT, Cosgrove MP. Vaccinating welders against pneumonia. Occup
Med Oxf Engl 2012; 62:325-330. doi: 10.1093/occmed/kqs055.

3. Amin-Chowdhury Z, Iyanger N, Ramsay ME, Ladhani SN. Outbreaks of
severe pneumococcal disease in closed settings in the conjugate vaccines era, 2010-
2018: A systematic review to inform national guidance in the UK. J Infect 2019;
79:495-502. doi: 10.1016/j.jinf.2019.10.0009.

4. Berild JD, Steens A, Winje BA, Danielsen TE, Fjeldheim JH, Homemo HDQ,
et al. Management and control of an outbreak of vaccine-preventable severe
pneumococcal disease at a shipyard in Norway. J Infect 2020; 80:578—606. doi:
10.1016/;.jinf.2019.12.015.

5. Patterson L, Irvine N, Wilson A, Doherty L, Loughrey A, Jessop L. Outbreak
of invasive pneumococcal disease at a Belfast shipyard in men exposed to welding
fumes, Northern Ireland, April-May 2015: preliminary report. Euro Surveill 2015;
20(21):21138. doi: 10.2807/1560-7917.es2015.20.21.21138.

6. Linkevicius M, Cristea V, Siira L, Mikeld H, Toropainen M, Pitkédpaasi M,
Dub T, et al. Outbreak of invasive pneumococcal disease among shipyard workers,
Turku, Finland, May to November 2019. Euro Surveill 2019; 24(49):1900681. doi:
10.2807/1560-7917.ES.2019.24.49.1900681.

7. Cassir N, Pascal L, Ferrieux D, Bruel C, Guervilly C, Rebaudet S, et al.



Outbreak of pneumococcal pneumonia among shipyard workers in Marseille, France,
January to February 2020. Euro Surveill 2020; 25(11):2000162. doi: 10.2807/1560-
7917.ES.2020.25.11.2000162.

8. Ewing J, Patterson L, Irvine N, Doherty L, Loughrey A, Kidney J, Sheppard
C, et al. Serious pneumococcal disease outbreak in men exposed to metal fume -
detection, response and future prevention through pneumococcal vaccination. Vaccine
2017; 35:3945-3950. doi: 10.1016/j.vaccine.2017.06.010.

9. Hoge CW, Reichler MR, Dominguez EA, Bremer JC, Mastro TD, Hendricks
KA, et al. An epidemic of pneumococcal disease in an overcrowded, inadequately
ventilated jail. N Engl J Med 1994; 331:643-648. doi:
10.1056/NEJM199409083311004.

10. Kwambana-Adams BA, Mulholland EK, Satzke C, ISPPD group. State-of-the-
art in the pneumococcal field: Proceedings of the 11th International Symposium on
Pneumococci and Pneumococcal Diseases (ISPPD-11). Pneumonia Nathan Qld 2020;
12:2. doi: 10.1186/s41479-019-0064-y.

11. Carvalho M da GS, Tondella ML, McCaustland K, Weidlich L, McGee
Lesley, Mayer LW, et al. Evaluation and Improvement of Real-Time PCR Assays
Targeting lytA, ply, and psaA Genes for Detection of Pneumococcal DNA. J Clin
Microbiol 2007; 45:2460-2466. doi: 10.1128/JCM.02498-06.

12. Wisdom A, Leitch ECM, Gaunt E, Harvala H, Simmonds P. Screening
Respiratory Samples for Detection of Human Rhinoviruses (HRVs) and
Enteroviruses: Comprehensive VP4-VP2 Typing Reveals High Incidence and Genetic
Diversity of HRV Species C. J Clin Microbiol 2009; 47:3958-3967. doi:
10.1128/JCM.00993-09.

13. Nix WA, Oberste MS, Pallansch MA. Sensitive, Seminested PCR



Amplification of VP1 Sequences for Direct Identification of All Enterovirus
Serotypes from Original Clinical Specimens. J Clin Microbiol 2006; 44:2698-2704.
doi: 10.1128/JCM.00542-06.

14. Kumar S, Stecher G, Tamura K. MEGA7: Molecular Evolutionary Genetics
Analysis Version 7.0 for Bigger Datasets. Mol Biol Evol 2016; 33:1870-1874. doi:
10.1093/molbev/msw054.

15. Lu X, Erdman DD. Molecular typing of human adenoviruses by PCR and
sequencing of a partial region of the hexon gene. Arch Virol 2006; 151:1587-1602.
doi: 10.1007/s00705-005-0722-7.

16. Seng P, Drancourt M, Gouriet F, La Scola B, Fournier PE, Rolain JM, et al.
Ongoing revolution in bacteriology: routine identification of bacteria by matrix-
assisted laser desorption ionization time-of-flight mass spectrometry. Clin Infect Dis
2009; 49:543-551. doi: 10.1086/600885.

17. European Committee on Antimicrobial Susceptibility Testing (EUCAST).
Breakpoint tables for interpretation of MICs and zone diameters. 2020; Available at:
Available at: http://www.eucast.org/clinical_breakpoints/.

18. Nurk S, Bankevich A, Antipov D, Gurevich AA, Korobeynikov A, Lapidus A,
et al. Assembling single-cell genomes and mini-metagenomes from chimeric MDA
products. J Comput Biol J] Comput Mol Cell Biol 2013; 20:714-737. doi:
10.1089/cmb.2013.0084.

19. Seemann T. Prokka: rapid prokaryotic genome annotation. Bioinforma Oxf
Engl 2014; 30:2068-2069. doi: 10.1093/bioinformatics/btul53.

20. Page AJ, Cummins CA, Hunt M, Wong VK, Reuter S, Holden MTG, et al.
Roary: rapid large-scale prokaryote pan genome analysis. Bioinforma Oxf Engl 2015;

31:3691-3693. doi: 10.1093/bioinformatics/btv421.



21. Page AJ, Taylor B, Delaney AJ, Soares J, Seemann T, Keane JA, et al. SNP-
sites: rapid efficient extraction of SNPs from multi-FASTA alignments. Microb
Genomics 2016; 2:¢000056. doi: 10.1099/mgen.0.000056. eCollection 2016 Apr.
22. Sleeman KL, Griffiths D, Shackley F, et al. Capsular serotype-specific attack
rates and duration of carriage of Streptococcus pneumoniae in a population of
children. J Infect Dis 2006; 194:682-688. doi: 10.1086/505710.

23. Mehiri-Zghal E, Decousser J-W, Mahjoubi W, Essalah L, El Marzouk N,
Ghariani A, et al. Molecular epidemiology of a Streptococcus pneumoniae serotype 1
outbreak in a Tunisian jail. Diagn Microbiol Infect Dis 2010; 66:225-227. doi:
10.1016/j.diagmicrobio.2009.05.008.

24. Melamed R, Greenberg D, Landau D, Khvatskin S, Shany E, Dagan R.
Neonatal nosocomial pneumococcal infections acquired by patient-to-patient
transmission. Scand J Infect Dis 2002; 34:385-386. doi:
10.1080/00365540110080241.

25. Weiser JN, Ferreira DM, Paton JC. Streptococcus pneumoniae: transmission,
colonization and invasion. Nat Rev Microbiol 2018; 16:355-367. doi:
10.1038/s41579-018-0001-8.

26. Domenech de Celles M, Arduin H, Lévy-Bruhl D, Georges S, Souty C,
Guillemot D, et al. Unraveling the seasonal epidemiology of pneumococcus. Proc
Natl Acad Sci U S A 2019; 116:1802-1807. doi: 10.1073/pnas.1812388116.

217. Howard LM, Zhu Y, Griffin MR, Edwards KM, Williams JV, Gil Al et al.
Nasopharyngeal Pneumococcal Density during Asymptomatic Respiratory Virus
Infection and Risk for Subsequent Acute Respiratory Illness. Emerg Infect Dis 2019;
25:2040-2047. doi: 10.3201/eid2511.190157.

28. Wolter N, Tempia S, Cohen C, Madhi SA, Venter M, Moyes J, et al. High



nasopharyngeal pneumococcal density, increased by viral coinfection, is associated
with invasive pneumococcal pneumonia. J Infect Dis 2014; 210:1649-1657. doi:
10.1093/infdis/jiu326.

29. McCullers JA. Insights into the interaction between influenza virus and
pneumococcus. Clin Microbiol Rev 2006; 19:571-582. doi: 10.1128/CMR.00058-05.
30. Balicer RD, Zarka S, Levine H, Klement E, Sela T, Porath N, et al. Control of
Streptococcus pneumoniae serotype 5 epidemic of severe pneumonia among young
army recruits by mass antibiotic treatment and vaccination. Vaccine 2010; 28:5591-

5596. doi: 10.1016/j.vaccine.2010.06.031.



36

— A1
A24

53

100

C117

— A7

—— A82

A34
9 }

21A34 bis

B4

——C18

0.20

99

38

|C25 bis

C42
9 {

11C42 bis



(s193sNn|2 auab G087)
Xujew Aieoy

(suieJ3s 6)
294

866201

LSGZO T

98920

59920

06920 A

19620

15920

01.20

L8920




Characteristics Pneumococcal No HR [CI1 95%] p
pneumonia pneumococcal
pneumonia
N=38 N=53
Age, mean (SD) 42 (13.3) 39.6 (11.6) - 0.359
Male 38 (100) 49 (92.4) - 0.109
Country of residence, No. (%)
Bulgaria 0(0) 11 (25) - 0.003*
Estonia 2(7.1) 5(11.4) 0.600 [0.108 - 3.328] 0.439
France 3 (10.7) 11 (25) 0.360 [0.091 - 1.429] 0.116
Italia 8 (28.6) 3(6.8) 5.47 [1.308 - 22.856] 0.016*
Lithuania 3 (10.7) 10 (22.7) 0.410 [0.102 - 1.638] 0.165
Poland 2(7.1) 0 (0) - 0.148
Romania 3 (10.7) 0 (0) - 0.055
Russia 1(3.6) 1(2.3) 1.590 [0.096 - 26.640] 0.630
Serbia 2(7.1) 0 (0) - 0.148
Underlying medical condition, No. (%)
None | 22(733) 40 (93) | 0.210[0.050-0.858] | 0.024*
Smoking status, No. (%)
Yes | 14(63.6) 21 (50) | 1.750[0.607 -5.044] | 0.219
Occupation at the shipyard, No. (%)
Plumber 1(4.8) 2(5) 0.950 [0.081 - 11,128] 0.730
Electrician 2(9.5) 2(5) 2.000 [0.261 - 15.320] 0.427
Welder 2(9.5) 3(1.5) 1.300 [0.200 - 8.447] 0.567
Manager 5(23.8) 9 (22.5) 1.080 [0.309 - 3.752] 0.574
Security 2(9.5) 12 (30) 0.250 [0.049 - 1.224] 0.064
Others 9 (42.9) 13 (32.5) 1.560 [0.525 - 4.626] 0.300
Work, No. (%)
Mainly Inside 12 (100) 28 (84.4) - 0.194
Mainly Outside 6 (50) 25 (75.8) 0.320 [0.080 - 1.277] 0.101
Both 6 (50) 20 (60.6) 1.530 [0.410 - 5.820] 0.500
Exposure, No. (%)
Solvent 5(33.3) 13 (37.1) 0.850 [0.237 - 3.024] 0.530
Metal fume 13 (86.7) 26 (74.3) 2.25[0.423 - 11.959] 0.283
Dust 8 (53.3) 26 (74.3) 0.400 [0.112 - 1.403] 0.131
Use of protective mask, No. (%)
Yes | 13(86.7) 30 (83.3) | 1.300[0.231-7.315] | 0.565
Accommodation, No. (%)
On boat | 18 (90) 21 (56.8) | 6.860[1.386-33.934] | 0.009%
Respiratory virus detection, No. (%)
Yes | 19 (50) 21 (60.37) | 0.650[0.280-1.530] | 0.500




General features

Clinical characteristic described No. (%)

Microbiological features of
confirmed cases

Control measures

Date Location | Number | Attack rate | Pneumonia | Meningitis | Isolated Death | Serotypes | Genotypes Prophylactic Vaccination
of case /1000/month bacteriemia MLST antibiotherapy

Arp-May | Ireland 4 4 (100) 0 (0) 0 (0) 00) |4 @0=3) 801 (n=2) Azithromycin | PPV23
2015 205 (n=1)

3 (n=1)
Apr-Jun Singapore | 3 3 (100) 0(0) 0 (0) 0 (0)
2017
Jan-Apr Norway 21 21 (100) 0 (0) 00 00) |4m=17) 801 (n=8) No PCV13
2019
May-Nov | Finland 31 0,63 30 (97) 1) 0(0) 1 (3) | 12F (n=12) | 6202 (n=9) No PPV23
2019 4 (n=11) 801 (n=7)

8 (n=1) 1480 (n=1)
Jan-Feb France 38 4,5 38 (100) 0(0) 0(0) 0(0) |4 (@=5) 801 (n=4) No PPV23
2020 8 (n=2) 205 (n=2)

3 (n=1) 1220 (n=1)

9N (n=1) 1460 (n=1)

66 (n=1)






