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Abstract: The medical assistance to seafarers was not always improved in parallel with advances in
medicine and telecommunications. Today technology offers systems including digital devices helping
in collecting symptoms to be referred correctly to remote physicians. CIRM SERVIZI, the spin-off
of Centro Internazionale Radio Medico (C.I.R.M.), and the Italian TMAS center, have developed an
advanced system called CIRM PREMIUM. This aimed at offering extensive telemedicine solutions
for the treatment of illnesses or injuries on-board ships. The objective of this paper is to present
the results of offered service with CIRM PREMIUM and the standard basic TMAS service given
by C.I.R.M. to ships not equipped with advanced technologies. We have considered 400 seafarers
assisted on-board ships from 1 January 2020 to 31 December 2021 including 200 on-board ships
equipped with CIRM PREMIUM (Test Group, TG) and 200 were on-board ships requiring the C.I.R.M.
standard free telemedical assistance (Control Group, CG). The five most frequent different disorders
assisted by C.I.R.M in the given period were considered. Diseases of the circulatory and respiratory
systems were also considered to be the most frequent cause of medical emergencies on board. Data
were analyzed comparatively by analysis of variance (ANOVA) and by the Chi-squared test. The
average time for a patient’s complete recovery was 115.1 ± 12.8 h (4 to 5 days) in the TG group and
132.8 ± 14.4 h (5 to 6 days) in the CG group. From a temporal point of view, PREMIUM patients
showed an improvement in 12–24 h from the first request for medical advice, versus 36–48 h for those
using the standard medical service. The patients who fully recovered on board were 48.8% for the TG
group and 27.46% for the CG. Telemedical assistance resulted in avoiding diversions in 73.7% of cases
in the PREMIUM service and in 43.7% in the standard service. The results of our analysis revealed
that the CIRM PREMIUM services provide a better and quicker outcome for patient conditions and
cause significantly less ship diversions for medical reasons. This indicates that technological progress
can offer relevant advantages for treating diseases or accidents on-board ships. The presence of
telemedical devices on board, their larger and constant use and a closer collaboration from the ship
will offer seafarers adequate health protection and will reduce the present disadvantage of being ill
while at sea.

Keywords: telemedicine; CIRM PREMIUM; seafarers health; onboard medical assistance

1. Motivation

CIRM PREMIUM consists of two components, a Tele Medicine Vessel Software (TMV)
and a Tele Medicine Corner (TMC). Figure 1 presents TMC medical components. TMV
is an automated medical request system guiding the ship’s medical officer to select the
symptoms being reported and answer specific questions pertaining to those symptoms.
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the symptoms being reported and answer specific questions pertaining to those symp-
toms. 

 
Figure 1. Medical devices contained in the Tele Medicine Corner (TMC). 

In case of injuries or illnesses at sea, a medical officer is in charge of the patient. On 
land, dedicated medical centers called Telemedical Maritime Assistance Services (TMAS) 
are available to give advice [1]. In this situation, the doctor has never seen the patient, and 
probably never will, will rarely talk with the patient and has no previous medical history 
of the person they are treating. In this particular scenario, the doctor will need the best 
possible information about the state of the patient, whereas the medical responsibility re-
mains with the captain.  

Unfortunately, medical assistance to seafarers was not always improved in parallel 
with advances in medicine and telecommunications. Requests for medical assistance from 
ships to a specialized ashore center, in general, continue to follow the same procedure 
used probably 100 years ago. Today technology offers systems using digital devices that 
help in collecting symptoms to be referred correctly to the remote physicians. Moreover, 
digital devices can capture and transmit biomedical vitals, monitor progress, capture im-
ages of anatomical parts of the body, etc. 

CIRM SERVIZI, the spin-off of Centro Internazionale Radio Medico (International 
Radio Medical Center, C.I.R.M.), the Italian TMAS, has developed an advanced system 
for offering expansive telemedicine solutions for the treatment of illnesses or injuries on-
board ships [2]. This advanced system named CIRM PREMIUM has been adopted by 
some leading international shipping companies, which are using it as a standard of med-
ical assistance on-board their ships. This paper has compared the results of the CIRM 
PREMIUM service with the standard basic TMAS service given by C.I.R.M. to ships not 
equipped with the advanced technologies offered by CIRM PREMIUM. 

2. Approach 
The effectiveness of the CIRM PREMIUM service was analyzed comparatively versus 

the standard free medical service offered by C.I.R.M. For this analysis, we have considered 
400 cases of patients assisted on-board ships from 1 January 2020 to 31 December 2021. 
Two hundred patients were on-board ships equipped with CIRM PREMIUM facilities 
(Test Group, TG) and 200 were on ships receiving the C.I.R.M. standard free telemedical 
assistance (Control Group, CG). Patients of the CG were randomly selected from the 
15,178 patients assisted by C.I.R.M. during the above elapse of time among subjects with 
the same diagnosis and triage code at the admission of those undergoing Premium ser-
vice. The results of the two different services were compared in terms of (a) Patient out-
come; (b) Days of treatment; (c) Diversions avoided; (d) Data missing.  

Disorders considered for this study included the five top pathologies assisted by 
C.I.R.M in the 2 years considered, namely in the order Diseases of the digestive system; 
Certain infectious and parasitic diseases; Diseases of the musculoskeletal system and con-
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In case of injuries or illnesses at sea, a medical officer is in charge of the patient. On
land, dedicated medical centers called Telemedical Maritime Assistance Services (TMAS)
are available to give advice [1]. In this situation, the doctor has never seen the patient, and
probably never will, will rarely talk with the patient and has no previous medical history of
the person they are treating. In this particular scenario, the doctor will need the best possible
information about the state of the patient, whereas the medical responsibility remains with
the captain.

Unfortunately, medical assistance to seafarers was not always improved in parallel
with advances in medicine and telecommunications. Requests for medical assistance from
ships to a specialized ashore center, in general, continue to follow the same procedure used
probably 100 years ago. Today technology offers systems using digital devices that help in
collecting symptoms to be referred correctly to the remote physicians. Moreover, digital
devices can capture and transmit biomedical vitals, monitor progress, capture images of
anatomical parts of the body, etc.

CIRM SERVIZI, the spin-off of Centro Internazionale Radio Medico (International
Radio Medical Center, C.I.R.M.), the Italian TMAS, has developed an advanced system for
offering expansive telemedicine solutions for the treatment of illnesses or injuries on-board
ships [2]. This advanced system named CIRM PREMIUM has been adopted by some leading
international shipping companies, which are using it as a standard of medical assistance
on-board their ships. This paper has compared the results of the CIRM PREMIUM service
with the standard basic TMAS service given by C.I.R.M. to ships not equipped with the
advanced technologies offered by CIRM PREMIUM.

2. Approach

The effectiveness of the CIRM PREMIUM service was analyzed comparatively versus
the standard free medical service offered by C.I.R.M. For this analysis, we have considered
400 cases of patients assisted on-board ships from 1 January 2020 to 31 December 2021.
Two hundred patients were on-board ships equipped with CIRM PREMIUM facilities (Test
Group, TG) and 200 were on ships receiving the C.I.R.M. standard free telemedical assistance
(Control Group, CG). Patients of the CG were randomly selected from the 15,178 patients
assisted by C.I.R.M. during the above elapse of time among subjects with the same diagnosis
and triage code at the admission of those undergoing Premium service. The results of the
two different services were compared in terms of (a) Patient outcome; (b) Days of treatment;
(c) Diversions avoided; (d) Data missing.

Disorders considered for this study included the five top pathologies assisted by C.I.R.M
in the 2 years considered, namely in the order Diseases of the digestive system; Certain
infectious and parasitic diseases; Diseases of the musculoskeletal system and connective
tissue; Injury, poisoning, and certain other consequences of external causes; Diseases of the
skin and subcutaneous tissue. Diseases of the circulatory and respiratory systems were also
considered to be the most frequent cause of medical emergencies on board.

Patients of the CG were randomly selected from the 15,178 patients assisted by C.I.R.M.
during the above elapse of time among subjects with the same diagnosis and triage code
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at the admission of those using the PREMIUM service. Parameters examined included (a)
Patient outcome; (b) Days of treatment; (c) Diversions avoided; (d) Data missing. Data of
days of treatment were analyzed comparatively by analysis of variance (ANOVA). The
Chi-Squared test was used to determine the significance of differences in other parameters
considered between TG and CG.

3. Testing Outcomes

Data of patient outcomes indicated in the TG group an improvement of 83% of cases,
no changes of 16% of cases, and worsening of 1% of cases. In the CG, the improvement
occurred in 49% of cases, the conditions of 41% of patients were unchanged, in 2% of cases
patient’s conditions worsened, whereas for 7% of cases the ships did not maintain contact
and therefore we do not know the outcome of the assistance. The average time for a patient’s
complete recovery was 115.1 ± 12.8 h (4 to 5 days) in the TG group and 132.8 ± 14.4 h
(5 to 6 days) in the CG. From a temporal point of view PREMIUM patients showed an
improvement in 12–24 h from the first request for medical advice, versus 36–48 h for those
using the standard medical service. Patients fully recovered on board were 48.8% for the TG
group and the 27.46% for the CG group.

Based on the diagnosis, triage code and reported subjective symptomatology, the
need of ship diversion for the patient’s prompt hospitalization occurred in the 10.86% of
cases for the TG and in the 11.63% of cases for the CG. Medical interventions from ashore
resulted in avoiding diversions in 73.7% of cases in the PREMIUM service and in 43.7% in
the standard service.

Data missed that can be relevant for the provision of medical advice were significantly
less in the TG which in general uses a data exchange platform with fields to be filled-in
compulsorily compared with the CG. This platform is compliant with the General Data
Protection Regulation (GDPR). The name and the nationality of the patients were missing,
respectively, in 30.2% and in 25.6% of CG cases. Patient’s age was missed in 31% of
cases, whereas the patient’s rank, the knowledge of which is important to identify possible
occupational diseases, was not mentioned in the 36% of CG requests for medical advice.
Ship’s position, port of departure, destination and nearest port which are information
necessary for epidemiological reasons, in cases of emergencies such as a diversion required,
a stop at a port, disembarkation, or hospitalization were not communicated in more than
40% of cases. The inventory of medicines available on board, based on which the TMAS
doctor can give their prescriptions was missed in the 44.7% of cases.

4. Conclusions

The results of our analysis with a better outcome and a quicker improvement of the
patient conditions as well as significantly fewer ship diversions for medical reasons indicate
that technological progress can offer relevant advantages for treating diseases or accidents
on board ships. Probably thanks to friendly technologies, the old consideration that because
of the scarce possibilities of assistance, getting sick on board a ship at sea does not allow one
to be properly cured must be debunked. The presence on board of telemedical devices, their
larger and constant use, and a closer collaboration from the ship side will offer seafarers
adequate health protection and will reduce the present disadvantage of being ill while
at sea.

Author Contributions: Conceptualization, F.A. and M.D.C.; methodology, F.A., A.A., M.D.C., C.R.,
F.B. and F.S.; formal analysis, A.A., M.D.C., F.S.; investigation, C.R., F.B.; data curation, A.A., M.D.C.,
F.S.; writing—original draft preparation, A.A., M.D.C.; writing—review and editing, F.A., C.R., F.B.;
supervision, F.A.; funding acquisition, F.A. All authors have read and agreed to the published version
of the manuscript.

Funding: This research was supported by a grant No. 1624 from the ITF Seafarer’s Trust.

Informed Consent Statement: Not applicable.
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1. Introduction

The ship is not only a workplace. It is a real living environment for a particular class
of workers: the seafarers. Seafarers are particularly exposed to a high risk of accidents and
diseases. Moreover, onboard commercial ships, there are no health personnel on board,
and the health responsibility of the crew is in the Master’s hands. That is why it is crucial
to have available onboard medicine and medical instruments allowing for the performance
of first aid interventions, and to counter any health hazards that may occur. The actual
implementation of healthcare onboard ships depends on the “onboard pharmacy”, also
called “ship’s medicine chest”. On-board pharmacies currently present several problems:
poor or no standardization (they are different for each country, according to different
regulations), they usually have little (or not-effective) choice of medicines, and they often
bear old medicines that can be replaced by more recent medications and last, but not least,
often due to the lack of some specific drugs, an off-label use of medicines available becomes
necessary. Another problem is that of expired medicines needing to be replaced. The above
problems can be avoided or reduced by providing seagoing vessels with a system that
uses computing technologies for handling the ship’s pharmacy. A tele pharmacy service
(TelePharmaSEA) is the system that we have developed to avoid these problems.

2. Material and Methods

The TelePharmaSEA software was developed for making the management of the
on-board pharmacy easier and to have medicines and medical instruments required by the
flag country’s regulations always available. The application is based on a database con-
taining information about medicines and medical devices required by different countries’
regulations. To further improve the quality of the service, a questionnaire on “Customer
Satisfaction” was developed, submitted to both ships subscribed to this service and TMAS
providing regular medical advice to a given ship. This allowed us to assess the appreciation
for the service offered. The questionnaire was sent to the 80 ships subscribed to the service
and we received 65 filled-in forms (81% response rate). Data were analyzed statistically by
Analysis of Variance (ANOVA).

3. Results

With the use of the TelePharmaSEA software, it was possible to standardize the inven-
tory procedures, to quickly identify and to re-supply expiring medicines, and to facilitate
the work of inspectors of maritime health authorities. Overall, thanks to TelePharmaSEA, a
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ship’s pharmacy maintenance is easier for the crew, not an expert in the field, due to the
automatized procedures for medicine control and management. The use of the software, as
well as the automation of different activities, in general, carried out manually, will help to
handle the ship’s pharmacy. The degree of satisfaction received for the service/software is
quite high, with 90% of respondents highly satisfied (p < 0.05) and 10% satisfied (p < 0.05).
The same is true for the resolution of technical problems, the correct and efficient manage-
ment of the problems occurring in the ship’s pharmacy, and IT assistance when necessary.
Interestingly, the service has also guaranteed economic savings from shipping companies
in terms of purchases and supplies for the onboard pharmacy.

4. Discussion and Conclusions

Advanced technologies can support inexperienced people responsible for handling/
managing the ship’s pharmacy to interact properly with TMAS and competent health
authorities. This software represents a real opportunity to simplify the management of the
ship’s pharmacy and consequently, to improve the quality of medical assistance onboard
seagoing vessels.

Author Contributions: G.N.: Concived and designed the study, analyzed the data and interpreted
the results, drafted the abstract. A.A.: Contributed to collection of data and analyzed the data. F.A.:
Supervised and approved the study. All authors have read and agreed to the published version of
the manuscript.

Funding: This work was supported by a research grant of the start-up TelePharmaTec.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Study data can be obtained by the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.
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1. Introduction

Workers on board ships have a higher rate of mortality, injuries, and illnesses than their
counterparts ashore due to their particularly risky working conditions. Occupational dis-
eases including musculoskeletal disorders (MSD), cardiovascular diseases (CVD), diseases
of respiratory systems, skin and subcutaneous disorders, and injuries are the most common
causes of morbidity on board ships among seafarers. These health issues represent the
main reasons for medical consultation, repatriation, and death of seafarers at sea. Different
studies conducted on board ships have revealed a variety of problems in accessing data
and health information of seafarers at sea, which can be used to recommend prevention
strategies and provide evidence-based information to maritime health policymakers. To
effectively address these challenges, we have been establishing an epidemiological observa-
tory of occupational diseases and injuries for seafarers. This initiative has been realized
in collaboration with the Italian Ministry of Health, the University of Camerino and the
International Radiomedical Centre (C.I.R.M.), the Italian Telemedical Maritime Assistance
Service (TMAS).

2. Materials and Methods

A descriptive epidemiological study approach was used, and the analysis was based
on the telemedical assistance data of C.I.R.M. from 2010 to 2021. C.I.R.M. is the Italian
TMAS that has provided medical assistance to seafarers and passengers on board ships
since 1935. Each diagnosis was recorded in the C.I.R.M. database according to the 10th
revised version of the International Classification of Diseases (ICD) of the World Health
Organization (WHO). For this preliminary analysis, we focused on contacts of medical
requests to C.I.R.M. related to occupational diseases and injuries of seafarers from Italian
shipping companies. In this study, we considered occupational diseases, including diseases
of the musculoskeletal system and connective tissue (ICD: M00 to M99), cardiovascular
diseases (I00 to I99), diseases of the respiratory system (J00 to J99), disorders of the skin
and subcutaneous tissues (L00 to L99), and injuries (S00 to S99 and T00 to T98). From the
database, we retrieved diagnoses as well as parameters such as age, rank, gender, work-
place, and other variables relevant to our analysis. A descriptive analysis was performed to
evaluate the distribution of both diseases and injuries among occupational groups. Rank
was stratified by officers (deck and engine officers) and non-officers (deck and engine
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ratings, as well as galley staff). The age of the seafarer with medical cases was calculated by
subtracting their date of birth from the date of medical advice provision and was grouped
into five categories: under 25 years, between 26 and 35 years, between 36 and 45 years,
between 46 and 55 years, and above 55 years. We excluded from the analysis seafarers
whose date of birth was not available.

3. Results

It is estimated that 4298 seafarers aged 19 to 73 years (mean age: 39.74 ± 11.44)
with 1843 (43%) officers and 2455 (57%) non-officers having requested medical advice
from Italian flag ships during the study period. Most reported cases were injuries (16%),
cardiovascular diseases (8%), dermatological disorders (7.9%), musculoskeletal disorders
(6.9%), and respiratory disorders (5%). Out of 342 seafarers with CVD, 40% were officers
[deck officers (18.7%) and engine officers (21.3%)], while 60% were non-officers [deck
ratings (21%), engine ratings (25%), and galley staff (14%)]. The mean age of seafarers
with CVD was 42.51 ± 12.39 years, and the mean age of seafarers with musculoskeletal
disorders was 39.52 ± 11.18 years. Based on nationality, 36.5%, 35%, 21.1%, 3.4%, and 3.2%
of seafarers who contacted for medical advice were Italian, Indian, Filipino, Chinese, and
Romanian, respectively.

4. Discussion and Conclusions

Preliminary results indicate that injuries are the leading reason for medical advice
requests from Italian shipping companies, followed by cardiovascular disease and dermato-
logical disorders. In the present study, it was found that non-officers (engine and deck crew)
were more frequently diagnosed with CVD and dermatological disorders than officers. The
findings could help the industry, maritime doctors, and seafarers make informed decisions
for the establishment of onboard prevention strategies.

Author Contributions: G.G.S.: Conceptualized and designed the study, analyzed and interpreted
the results, and drafted the abstract; U.A., C.M., G.R. and A.S.: have contributed to plan the research
and has reviewed the framework of the observatory; M.D.C.: worked on data collection; G.R. and
F.A. have supervised the study and checked the final manuscript. All authors have read and agreed
to the published version of the manuscript.

Funding: This study was supported by the grant of the Ministry of Health No. J59J21011210001.

Institutional Review Board Statement: The study was conducted in accordance with the Dec-
laration of Helsinki, and approved by the Institutional Review Board of C.I.R.M. Foundation’s
Scientific/Ethics Committee.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available upon request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.
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Role of teledermatology in the
management of dermatological
diseases among marine workers:
A cross-sectional study
comparing general practitioners
and dermatological diagnoses
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Background: Diagnosis and treatment of skin disease in sea workers is an

unmet need. The purpose of this study is to highlight how remotemanagement

of dermatological conditions appears inadequate in this scenario.

Objective: This study aimed to identify the best epidemiology for seafarers’

diseases and analyze the adequacy of medical assistance in the diagnosis of

dermatological maritime diseases.

Material and methods: A total of 420 cases of requests for dermatological

diseases received by the Telemedical Maritime Assistance Service of the

International Medical Radio Center (C.I.R.M.). in a referral year were included

in this cross-sectional study. All pictures of cutaneous lesions had been

submitted to both C.I.R.M. doctors and an expert dermatologist who provided

their diagnosis.

Results: The most frequent diagnosis in both groups was infectious or

inflammatory skin diseases. The main di�erences are represented by the

amount of “unclassified dermatitis” or descriptive diagnosis, such as “cutaneous

eruption” which were the most frequent diagnosis of C.I.R.M. doctors (p <

0.05 and p > 0.0001). In these cases, Cohen’s K was < 0.5 consistent with low

concordance between dermatologic diagnosis and C.I.R.M. diagnosis.

Conclusion and relevance: Our study emphasizes the magnitude

of dermatological diseases in the maritime sector, although often

underestimated, and highlights the di�culty in their diagnosis for doctors on

call that need more training on specific dermatological issues.
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maritime dermatology, teledermatology, seawork, occupational disease, diagnosis
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Introduction

Dermatological diseases represent a primary cause of

morbidity among fishermen and seafarers on board merchant

ships (1, 2). Marine workers are exposed to conditions such as

humidity, seawater contact, and chemicals, which are known

risk factors for the development of hyperkeratosis, contact

dermatitis, and injuries (3). Furthermore, UV exposure is 20%

higher than that of land-based workers (4), increasing the risk of

skin cancers (5). Themost frequent professional skin diseases are

contact dermatitis (6), mechanical injuries, infections, and stings

from marine animals (3). However, the coverage of this topic in

literature is limited with only a few small collections reported,

mainly with small patient numbers and without dermatological

evaluation (3, 7, 8).

The objective of this study is to identify the most

frequent dermatological diseases encountered onboard, the

epidemiology of sea workers affected, and the possible role

and implications of teledermatology in dermatological diagnosis

among marine workers.

Materials and methods

Dermatological diseases for which medical assistance

was requested from the International Medical Radio Center

(C.I.R.M.) in the years 2013–2017 were collected from the

C.I.R.M. database and dermatological cases were identified.

Cases from 1 January to 31 December 2017 were extracted and

analyzed. They accounted for 5,095 assistance requests among

which 512 were dermatological consultations. Photographic

images or symptoms description were not available in 92

cases, which were excluded. C.I.R.M. Telemedicine platform

accepts images with a resolution of at least 1,024 × 768 pixels,

consistent with the American Telemedicine Association (ATA)

guidelines; images with the lowest resolutions are automatically

rejected. A total of 420 cases were included in the study; each

patient received a diagnosis by a C.I.R.M. doctor who is not a

dermatologist and one by an expert dermatologist (PQ) after

pictures and case description had been sent to him through an

email-telemedicine system.

The Pearson X2 test with Yates correction was performed

to compare the frequency of diagnoses between the two groups.

Cohen’s kappa coefficient (κ) was used to measure the inter-rater

reliability. Statistical analysis was conducted by using STATA

16 software.

Results

Between 2013 and 2017, the C.I.R.M. has assisted a mean

of 4,363.4 ± 611.5 patients per year. Each year, the number of

patients treated increases on average by 9.77%, while requests

for medical care of dermatological interest increase on average

by +17.99% every year. Dermatological consultations were on

average 403.6± 108.1 per year, representing 10% of total cases.

The median age of patients with dermatological

manifestations was 37 ± 10 years, the majority were part

of the deck (35.4%) or engine crew (19.7%) and came from

India or the Philippines.

Based on the diagnosis of the dermatologist, the most

common diseases encountered on board were psoriasis (4.1%),

herpes virus (3.52%), entomodermatosis (3.13%), pityriasis

rosea (2.73%), cysts (2.40%), tinea (2.34%), pyodermitis (2.15%),

and folliculitis (2.15%); while according to C.I.R.M. doctors, the

most common were were dermatitis (36.91%), mycosis (5.27%),

skin infections (3.13%), and pimples (3.32%). The highest

level of concordance between dermatologists and C.I.R.M.

doctors concerned the diagnosis of abscesses (11.33 and 7.81%,

respectively, κ 0.79), whitlows (5.66 and 3.52%, respectively, κ

0.79), and eczema (3.52 and 8.4% cases, respectively, κ 0.52).

Table 1 summarizes the diagnoses made by C.I.R.M.

doctors and dermatologists. The most relevant differences are

represented by the amount of “unclassified dermatitis” which

was the most frequent diagnosis of C.I.R.M. doctors (36.91%),

while rarely made by the dermatologist (only 3 cases) (chi-

square: 151.08 p < 0.05). Similarly, C.I.R.M. doctors reported

a descriptive diagnosis (“dermatitis/cutaneous eruption,”

“erythema” or “wound”) in 197 cases while this happened

in only 10 cases by the dermatologist (chi-square: 2,209.48,

p > 0.0001).

The dermatologist made a significantly more frequent

diagnosis of psoriasis, perionyxis, entomodermatosis,

granulomas, angiomas, lichen planus, and tinea. No significant

differences between C.I.R.M. and dermatologist diagnoses were

found for other diagnoses (warts, withlows, urticaria, abscess,

herpes virus, and alopecia areata).

Cohen’s Kappa test showed a moderate/high level of

concordance (0.6 < K-coefficient < 1) between C.I.R.M.

doctors and dermatologists regarding the diagnosis resulted in

not statistically significant at previous tests and low/null

level of concordance (K-coefficient < 0.5) for those

statistically significant.

Discussion

Dermatological diseases represent common frequent

pathologies aboard ships. According to the C.I.R.M. database,

requests for dermatological medical assistance increased from

2.45% of total requests in 1994 to 8.3% in the years 2012–2014

(1), up to 10% in this report. In fact, in the last 5 years, requests

for C.I.R.M. dermatological assistance have increased by 17.99%

every year, against the average increase of 9.77% for medical

assistance in general.

This case series of 420 cases represent, as far as we

are concerned, the first cohort of sea workers analyzed by
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TABLE 1 Comparison between C.I.R.M. doctors’ and dermatologist’s diagnoses, chi2 test (p > 0.05) and Cohen’s K-coe�cient (<0.01: null; 0.01–0.2

low; 0.21–0.4 modest; 0.41–0.6 moderate; 0.61–0.8 good; 0.81–1 excellent).

Diagnosis C.I.R.M. doctor Dermatologist chi2 test Cohen’s kappa coefficient (κ)

Nr. % Nr. % chi2 p-value B
o
th

p
o
si
ti
ve

D
er
m
at
o
lo
g
is
t

p
o
si
ti
ve

an
d

g
u
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d

d
o
ct
o
r

n
eg
at
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e
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d
o
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o
r

p
o
si
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ve

C
o
h
en

’s

K
ap

p
a

(C
o
n
co
rd
an

ce
)*

Intertrigo 2 0.39% 18 3.52% 13.19* 0.0001 2 16 1 0.180

Pityriasis 3 0.59% 14 2.73% 11.47* 0.0007 3 11 3 0.286

Mycosis 27 5.27% 7 1.37% 12.261* 0.0004 7 6 26 0.273

Unclassified dermatitis/skin

eruption/skin rash

189 36.91% 3 0.59% 151.08* 0.0001 3 1 186 0.013

Wart 4 0.78% 7 1.37% 0.82 0.36 4 3 0 0.724

Pimple 17 3.32% 5 0.98% 6.72* 0.009 5 10 2 0.442

Urticaria 9 1.76% 19 3.71% 3.69 0.054 9 0 10 0.632

Abscess 58 11.33% 40 7.81% 3.74 0.0530 40 0 18 0.793

Perionyxis 2 0.39% 13 2.54% 8.19* 0.0008 2 11 0 0.261

Skin infection 16 3.13% 2 0.39% 11.08* 0.0009 2 1 14 0.201

Pyodermitis 1 0.20% 11 2.15% 8.43* 0.0037 1 10 0 0.163

Eczema 18 3.52% 43 8.40% 10.89* 0.0010 18 25 4 0.521

Entomodermatosis 5 0.59% 17 3.13% 6.72* 0.009 5 12 1 0.423

Granuloma 2 0.39% 10 1.95% 5.40* 0.0202 2 8 0 0.328

Detritive dermatitis 1 0.20% 8 1.56% 5.49* 0.0191 1 7 1 0.194

Seborrheic dermatitis 1 0.20% 8 1.56% 5.49* 0.0191 1 7 0 0.219

Psoriasis 5 0.98% 21 4.10% 10.01* 0.0001 5 16 2 0.341

Angioma 1 0.20% 8 1.56% 5.49* 0.0191 1 1 7 0.194

Erysipela 4 0.20% 14 1.56% 5.65* 0.017 4 10 1 0.411

Lichen planus 1 0.20% 8 1.56% 5.49* 0.0191 1 7 0 0.194

Actinic Keratosis 1 0.20% 8 1.17% 5.49* 0.0191 1 7 1 0.194

Whitlow 29 5.66% 18 3.52% 2.70 0.1005 18 9 0 0.789

Tinea 2 0.39% 12 2.34% 7.24* 0.0071 2 10 0 0.280

Folliculitis 6 1.17% 11 2.15% 1.5 0.2 6 5 1 0.660

Alopecia areata 4 0.78% 6 1.17% 0.4 0.5 4 2 0 0.798

Herpes virus infection 9 1.76% 18 3.52% 3 0.07 9 9 0 0.657

Cysts 4 0.79% 10 2.40% 2.6 0.1 4 6 0 0.566

*refers to the concordance (Cohen’s Kappa).

comparing the diagnoses made by the doctor on call and an

expert dermatologist.

The two main groups of dermatological diseases can be

singled out: infectious dermatitis (abscesses 7.81%, herpes

virus skin infections 3.52%, pyodermitis 2.15%, whitlows

3.52%, tinea 2.34%, warts 1.37%) and diseases related to

environmental and working conditions (folliculitis 2.15%;

intertrigo 3.52%, and detritive dermatitis 1.56%). Moreover,

cases of eczema (8.4%) and urticaria (3.71%) could be

attributed to contact with allergens or irritants due to

working conditions.

A survey (3) involving 1,102 Moroccan fishermen

based on legal medical consultation and not on requests

for dermatological diseases, showed a high prevalence

of palmoplantar hyperkeratosis (67%), skin infections

(59.2%), and entomodermatosis (11.2%). Lucas et al. (8)

reported dermatological diseases in 183 sea-workers through a

telemedicine service without a dermatological review. Among
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them, 68% had infections, 14% had inflammatory diseases, 7%

had environmental conditions, and 11% had non-specific rashes.

Another study reported data collection through self-completed

questionnaires revealing that contact and allergic dermatitis

followed by eczema were the most frequent diseases of seafarers’

lower limbs (10).

In our series, psoriasis accounted for 4.1% of cases, a quite

high figure as the majority of sea-workers came from India

and the Philippines, where its prevalence is lower (1.49%) (9).

On the other hand, diseases related to UV exposure (1.17%

actinic keratosis) were not so common. This could be due to the

young age of patients (median 37 years); moreover, effective UV

exposure for these people was not available. Oldenburg et al. (7)

reported higher percentages with actinic keratosis in 18.3% of

patients and skin cancer suspected in 9.3% of patients. However,

in this study, all the patients received a full body examination

by a dermatologist, and not only through telemedicine, and the

patient age was higher (median more than 50 years).

In contrast with the frequency of dermatological

manifestations in sea workers and the increase in dermatological

medical assistance, our study highlights the difficulty in their

diagnosis for doctors on call, not supported by a dermatologist.

Indeed, significant differences were found between the diagnoses

made by the two doctors. The dermatologist made a disease

diagnosis in a significant percentage of patients (97.6%) and thus

supporting the cornerstone role of teledermatology in this field;

the fact that a dermatologist was able to make a disease diagnosis

in the large majority of cases argues in favor of the good quality

of clinical pictures sent to the C.I.R.M. On the other hand, the

diagnosis of the doctor on call was descriptive in nearly half of

the cases (46.9%) and only some pathologies were identified

correctly (abscesses, whitlows, warts, urticaria, and herpes virus)

probably due to the signs and symptoms easily identifiable.

Based on these data, doctors on call should be trained to acquire

a more comprehensive knowledge of dermatological diseases or

could be assisted by an expert dermatologist.
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LASSO Regression Modeling on Prediction of Medical Terms
among Seafarers’ Health Documents Using Tidy Text Mining
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Abstract: Generally, seafarers face a higher risk of illnesses and accidents than land workers. In most
cases, there are no medical professionals on board seagoing vessels, which makes disease diagnosis
even more difficult. When this occurs, onshore doctors may be able to provide medical advice
through telemedicine by receiving better symptomatic and clinical details in the health abstracts of
seafarers. The adoption of text mining techniques can assist in extracting diagnostic information from
clinical texts. We applied lexicon sentimental analysis to explore the automatic labeling of positive
and negative healthcare terms to seafarers’ text healthcare documents. This was due to the lack of
experimental evaluations using computational techniques. In order to classify diseases and their
associated symptoms, the LASSO regression algorithm is applied to analyze these text documents. A
visualization of symptomatic data frequency for each disease can be achieved by analyzing TF-IDF
values. The proposed approach allows for the classification of text documents with 93.8% accuracy
by using a machine learning model called LASSO regression. It is possible to classify text documents
effectively with tidy text mining libraries. In addition to delivering health assistance, this method
can be used to classify diseases and establish health observatories. Knowledge developed in the
present work will be applied to establish an Epidemiological Observatory of Seafarers’ Pathologies
and Injuries. This Observatory will be a collaborative initiative of the Italian Ministry of Health,
University of Camerino, and International Radio Medical Centre (C.I.R.M.), the Italian TMAS.

Keywords: seafarers; text mining; lasso regression; disease mapping; correlations

1. Introduction

Seafarers are regularly on the move and working at sea. As a result of long-term
voyages, many international seafarers are away from their friends and families for at least
six months per year [1]. The shipping industry is popular and used by 88% of world trade.
However, it has a higher mortality rate, an injury rate, and a disease rate than land-based
workers [2]. There are many risks associated with working at sea, including climate
changes, seawater, humidity, and sun exposure [3,4]. Seafarers’ health and living conditions
are affected by their working environment. Medical issues onboard are explained via
telephone or internet by the captain in consultation with Telemedical Maritime Assistance
Services (TMAS) doctors onshore. Health services are provided based on the severity of
the case. Later, patient data are stored as digital health documents, which are created as
text records [5,6].

Data analysts including those from different fields are often tasked with analyzing
text or other unstructured data [7]. From the seafarers’ telemedicine data, we can extract
pathology information, symptoms information, patient condition info, prescriptions from

Bioengineering 2022, 9, 124. https://doi.org/10.3390/bioengineering9030124 https://www.mdpi.com/journal/bioengineering

https://doi.org/10.3390/bioengineering9030124
https://doi.org/10.3390/bioengineering9030124
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/bioengineering
https://www.mdpi.com
https://orcid.org/0000-0003-0818-306X
https://orcid.org/0000-0003-0603-2356
https://orcid.org/0000-0003-4199-9060
https://orcid.org/0000-0002-5983-0266
https://orcid.org/0000-0002-0652-0520
https://orcid.org/0000-0002-0555-1034
https://doi.org/10.3390/bioengineering9030124
https://www.mdpi.com/journal/bioengineering
https://www.mdpi.com/article/10.3390/bioengineering9030124?type=check_update&version=2


Bioengineering 2022, 9, 124 2 of 14

doctors, etc. We can use these data to make better medical decisions. For doing, we need
advanced computational tools and skills to analyze unstructured text [8]. One way to
learn more is to use word frequency analysis. Sentiment analysis allows one to extract
mapping words and emotions from symptomatic words. As a result, we can develop a
basic understanding of Text Mining (TM) approaches, which are widely applied to retrieve
symptomatic data [9]. Medical pattern recognition software that converts texts to natural
language using medical directories, algorithms, and information knowledge [10,11]. The
use of TM techniques has proven to be beneficial in detecting depression symptoms with
comprehensive diagnostic accuracy, according to studies in mental health [12]. According
to [13], the integration of TM knowledge with neurological data can be used to detect
neurological diseases and syndromes based on annual data.

Natural language processing (NLP) and machine learning (ML) techniques are used
in sentiment analysis (also known as opinion mining) [14]. Medical sentimental analysis is
used for the evaluation of medical records and automated decision support systems [15,16],
as well as for assessing a patient’s emotions and sentiments based on medical history [17].
Likewise, a hybrid text model has been designed to help healthcare workers diagnose
diseases such as diabetes and dementia [18,19]. Social media and the web can be analyzed
with TM to identify knowledge about diabetes diagnosis and treatment. In this study,
patterns in the web and social media text were analyzed to discover previously overlooked
diagnoses or conditions of diabetes via comparison with those from standard diabetes
treatment and diagnosis [19].

The literature on TM primarily focuses on sentiment analyses, such as emotion recogni-
tion, handwritten/typed text analysis, and data visualization. The authors of [20] provided
a list of all methodologies and approaches for performing sentiment analysis based on
three categories: machine learning, dictionaries, and ontologies. The study provides a
brief introduction to opinion mining issues such as data sparsity, binary classification, and
polarity shift problems in distinct domains. Various analytical algorithms are discussed to
extract the text from mixed documents with the typed and handwritten text [21]. The study
examines the sentimental analysis of medical treatment in detail and shows new challenges
and possibilities in the medical field [22].

A previously published study [9] was extended in the present paper to highlight the
importance of tidy TM in presenting symptomatic words of diseases common to seafarers.
To represent the patient’s emotions or feedback, we applied sentimental analysis to medical
abstract documents with disease names and symptoms. Seafarers’ medical documents are
not aligned with the TM documentation. By mapping tidy TM symptom words to common
diseases occurring onboard, we attempted to circumvent this limitation. The present
study is the first comprehensive analysis of seafarers’ diseases that has been conducted by
researchers who have an understanding of maritime medicine.

We can understand a subject’s emotions and behavior when studying such medical
documents with text since emotions play an active role in human behavior. A domain-
specific corpus from the digital health database contains clinical documents, which is critical
for decision-making [15]. Text mining algorithms are applied to text containing seafarers’
medical documents in the analysis of text containing TM of telemedical documents. The
least absolute shrinkage and selection operator (LASSO) regression models were applied
for text classification as well as for defining word relevance through this variable selection.

2. Materials and Methods

Methods used for the analysis included document collection, pre-processing, and
sentiment analysis. The frequency of disease terms was determined by analyzing sentiment
in the Bing lexicon. By using these techniques, we estimated the most commonly used
words among seafarers.
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2.1. Data Collection

Medical text data of seafarers were examined from 2006 to 2021 and data was analyzed
among 41,292 seafarers who got telemedical assistance through the International Radio
Medical Centre (C.I.R.M.). The Centre establishes digital medical files for each case after it
makes contact with the ship and updates them and this study analysed these files.

Data for the last 15 years (2006–2021) were extracted from 41,292 text documents
containing patient information, a seafarer sending a message (Tx), and a doctor receiving a
message (Rx). Messages TX include ship name and radio call sign, position, destination
port, estimated time of arrival, course, speed, patient’s age, nationality, qualification, vital
signs like breathing, pulse, temperature, and blood pressure, symptoms of localized pain,
medical history, and medicines available on board. The message Rx contains a doctor’s
questions, treatment, diagnosis, and diet and prevention instructions, as well as all the
patient’s treatment information.

Documents include text data such as symptomatic information, doctor prescriptions,
treatment information, medication details, etc. C.I.R.M. physicians classified diagnoses
according to the International Classification of Diseases (ICD)-10 (WHO, 2007). Health
management, epidemiology, and clinical analysis rely on this standard. Table 1 provides
an example of medical abstracts for treatments. For a smooth experimental setup in the R
framework, all text data were prepared as a CSV document.

Table 1. Sample of medical abstracts and treatment of given diagnosis.

Year Case Number Diagnosis Medical Abstract Suggested Treatment

2006 88 Abdominalgia Mild pain in the lower part of the stomach and
temperature.

Discontinue aspirin. Keep patient bed rest in the
most comfortable position. Apply an ice bag
wrapped in a cotton cloth on the painful area if it
relieves pain.

2008 17 Acute Gastritis The patient said he has stomach pain; he has a
history of hyperacidity.

Keep patient rest in a sitting position. Give
buscopan one tablet every six hrs. give antacid
every six hrs. Give omeprazole one tablet every
twelve hrs. Light boiled food diet with a large
intake of mineral water. Give news in twelve hrs.

2009 151 Allergic Reaction

The rash on a body appears in various places
namely round an eye, bridge of the nouse,
behind an ear, on a breast and a back, on a
neck and hands.

Keep resting cotton loose-fitting clothes. continue
ciprofloxacin milligram. Cetrizine or
chlophenaramine. Boiled food diet with abundant
water. Avoid all contact with cargo.

2013 597 Fever
Stomach pain with loose motions, mainly at
night. Burning sensation during urination
especially during evenings when the fever sets in.

Keep bed rest far from air draughts and extremes
of temp. Apply ice bag wrapped in a cotton cloth
on the head when temperature rises above 39 ◦C
Continue Paracetamol, Ciprofloxacin, continue
also Buscopan.

2014 1042 Haemorrhage

Patient with profuse blooding from yesterday
at the gingival level (maybe the presence of
abscess) and of the urinary tract. He has lost
knowledge several times yesterday and today,
already underway in fluid therapy.

Continue fluid therapy with Ranitidine fl inside
the flexo, Tranexamic acid is not available onboard.
Give as antibiotic Amoxicillin 1 g CPR if not
allergic. Urgent disembarkation should be
organized with a faster vehicle.

2016 197 Anxious-Depressive
Syndrome

Please note that for the last two days the
patient had been complaining of improper
sleep. He reported that he was feeling a little
depressed. He also reported that he does not
feel capable of keeping navigational watches
during hours of darkness as it gives him a
feeling of loneliness.

Keep at rest in the bed or armchair as he prefers
but, in any case, under continuous control by a
friendly person. Remove from his cabin dangerous
objects (knives, forks, glasses, razor blades, belts,
shoelaces, dangerous drugs, gas lighters, anything
through which he can injure himself or
other people).

2020 746 Foreign Body

One of the people in the crew has swollen right
eye. He got some foreign dust particles inside
his eye, he rubbed his eye with his dirty hands,
the eye started swelling and itching. We gave
him an eyewash and suggested washing the eye
regularly. Looks like due to rubbing the eye, he
developed an eye infection. Kindly advise
treatment we can give.

Keep rest not necessary in bed in a semi-dark room.
Wash accurately’s the eye with sterile saline
solution or e Optrex or other eye leashes. Then
when dry apply eye antibiotic ointment and cover
with a sterile or light bandage.

2021 54 Odontalgia
Complain regarding the patient’s tooth on the
lower left molar. It was found out that the
filling was been detached which causes pain.

Keep at rest. Apply inside the tooth cavity a small
ball of cotton wool soaked in clove oil. Administer
Paracetamol one 500 mg tablet every 6 h and
Co-amoxiclav one gram tablet every 12 h. A light
diet with easily chewable foods and a large intake
of liquids.
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2.2. Corpus Pre-Processing

Data cleaning ensures that user data is consistent, reliable, and accurate, and the
text should be organized logically, especially for in-text data. We come across questions
regarding punctuation, abbreviations, and contractions after reading the corpus. The
removal of stop words and stem words, as well as the treatment of lower- and uppercase
letters, is also needed. In tidy TM, clean_corpus is a function within the tidytext package
that helps process the corpus [23]. With some default tools, like strings (for text cleaning),
this package can convert upper case letters into lower case.

2.3. Tidy Text Mining and Packages

We can manage text simply and easily by using tidy data standards. The tidy data
structure has the variables as columns, observations as rows, and each observational unit
type as a table [24]. Thus, a tidy text format appears as a table with one token per row. For
text analysis, tokens are semantically meaningful words, and tokenization is the process of
dividing text data into tokens.

With tidy TM, the token is stored in every row, which can be a single word, a sentence,
an n-gram, or a paragraph. The ‘tidytext’ package provides the functionality of tokenization
with commonly encountered text units. In this package, there is no requirement that the
user maintains a clean text format at all times. Using dplyr and other tidy tools, the text
is processed, filtered, and imported, and then data is converted into a document-term
matrix (DTM) for use in ML applications, and ggplot2 can then be used to visualize and
interpret these models [25]. Figure 1 shows the flowchart representation with help of tidy
data principles.
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2.4. Sentimental Analysis

In order to make product sales more effective, a company manager might want to find
out if the product reviews are positive or negative. It is possible to examine text sentiment
using a word’s combination and the sentimental content of the entire text by analyzing
the sentiment of the singular words. With tidy TM, lexicon-based sentiment analysis
is frequently used to calculate sentiment distributions based on lexicon alignments [26].
This semantic alignment can be negative, positive, or neutral. The lexicons dictionary
can be formed either manually or automatically. Figure 2 illustrates the architecture of
lexicon-based analysis.

A lexicon-based analysis determines the semantic orientation of the text by looking at
adverbs and adjectives. This can be converted into a single score for the entire value in the
final assessment. Three general lexicons can be found in tidy TM, namely AFINN, BING,
and NRC. In the AFINN lexicon, sentimental scores range from −5 to 5, with negative
scores for negative sentiment and positive scores for positive sentiment. As with the
Bing lexicon, the NRC lexicon categorizes sentiments equally into yes/no categories as
positive/negative.
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2.5. Calculation of Word and Document Frequency (TF-IDF)

The term frequency-inverse document frequency (TF-IDF) indicates how relevant a
medical term is to a particular telemedical document. A TF-IDF is a method for measuring
the importance of a specific word in a document in comparison to the total number of
documents. It is calculated as follows:

TF(t) =
Number of times term t appears in a document

Total number of terms in
(1)

where TF(t) presents how often a particular term appears in a document. Similarly, the
inverse document frequency (IDF) is a metric value representing the information provided
by a particular word. Mathematically it is presented as a fraction of logarithmically inverse
documents that contain the words. It is mathematically denoted as

IDF (t) = log
number of documents

number of documents containing term
(2)

Simply, Equation (2) is logarithm of document number in corpus (nominator) divided
by number of documents where particular term appears (denominator). It is likely to
get words such as ‘is’, ‘are’, ‘the’, and ‘an’ in the calculation of most frequent words in
the corpus. By removing buzz and stop words from the medical abstracts, we will get
words like ‘seafarers’, ‘accidents’, and ‘pathologies’. Thus, the TF-IDF metric measures the
frequency of terms and weights them by how rarely they are used. The term frequency in
medical documents refers to how frequently a particular term appears within an individual
document. Seafarers’ medical records are often referred to as ‘frequency’ in general. The
terms ‘seafarers’, ‘accidents’, and ‘pathologies’ occurred very often in this work, and they
are very frequently used in a given document, resulting in its low rating for TF-IDF.

2.6. Word Clouds

One way to visualize the high probability words in the text using TM packages is by
using word clouds [26]. The word clouds can also be called text clouds and are created
with the TM package (tm), and word cloud creator package (word cloud) [27], both of
which are available in R for helping visualize words in text quickly. In the word cloud, the
size represents the frequency of words. They may appear like a visualization of popular
positive and negative words, but the size of words cannot be compared to the sentiment
they convey.

2.7. LASSO Regression Model

LASSO takes advantage of shrinkage to accomplish linear regression. When a data
value shrinks towards a central point, such as a mean, shrinkage occurs. As a result, it is
well suited to models with high levels of multicollinearity. It also allows automated parts
of model selection, such as parameter elimination and variable selection [28].
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The LASSO regression model is being used more and more in medical diagnosis to
predict disease outcomes and side effects. The model has been applied to brain model-
ing [29], biomarker selection [30], healthcare cost prediction [31], and early detection of
cardiovascular diseases [32]. The classification of medical documents is widely used in
healthcare, but few studies have been conducted on it. Our work demonstrates how LASSO
is applied to text data using the principles of tidy data. This model extends supervised
machine learning to text classification.

LASSO problems are quadratic programming problems that aim to minimize. In
statistics, it was written as

n

∑
i =1

(
yi − ∑

j
xijβj

)
2 + ň

p

∑
j =1

∣∣∣βj

∣∣∣ (3)

The above equation is the same as the minimization of the sum of squares with
constraint Σ

∣∣∣βj

∣∣∣ ≤ s. To interpret the model easily, some of β s can be shrunk to almost
zero and results regression model to do easy interpretation. Here ň is a tuning parameter
(i.e., amount of shrinkage). When ň = 0, no parameters are eliminated. When it increases,
bias increases and when it decreases, variance increases.

2.8. Model Training and Evaluation

After the data were ready, they were divided into training and testing sets. The data
are used both for building the model and evaluating its performance. LASSO regularization
was applied for our logistic regression model with the glmnet package, and it can help
to detect keywords in a prediction. We compare the LASSO model performance with
two supervised models, namely Support Vector Machines (SVM) [33] and Random Forest
(RF) [34]. We then validate the model using cross-validation (CV). As a resampling method
for statistical analysis, this approach is known as rotation estimation. Therefore, in order
to implement the CV technique, the data sample is segmented into different subsets. The
analysis is performed on a subset called a training set. The results are then verified on the
other subset called a testing set or a validation set [35]. By creating a data frame that can
be displayed to each document in the dataset, the model’s performance is evaluated by
applying tidy data principles. Based on the percentage of correctly classified outcomes
over the total outcomes, classification performance is calculated.

3. Results

A benefit of using tidy data is sentiment analysis, which can be performed as an inner
join. The ability to perform sentiment analysis as an inner join is another practical example
of using TM as tidy analysis, similar to removing stop words as an antijoin operation.

3.1. Sentimental Analysis

As part of our study, we examined how sentiments of each symptom varied across
categorical diseases of ICD 10. We first determine the sentiment scores for each symptomatic
word by using Bing lexicon and inner join functions. Figure 3 shows how sentimental
scores (Y-axis) and the plotting of medical documents for certain diseases change and
become more positive or negative over time (X-axis).

The data frame includes both a word and a sentiment, so we can easily determine the
number of words that contribute to each statement. Figure 4a shows sentiment visualization
in the form of word clouds, while Figure 4b shows the word distribution count for positive
and negative sentiments.
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3.2. TF-IDF Calculation

By reducing the weight of commonly occurring words and boosting the weight of
words that are less frequently used in the document corpus, TF-IDF identifies medical
keywords associated with each disease category. We examined a large number of medical
documents of seafarers, identifying symptoms of several disease categories. Using the
ICD-10, we classified the documents into 22 groups. Most of the important words did
not appear in all the categories. Figure 5 shows how disease documents categorize the
major keywords. ICD code 05 (mental, behavioral and neurodevelopmental disorders)
contains the keywords friendly, excited, dangerous, violent and depression with TF-IDF
scores 0.001174, 0.001323, 0.001260, 0.001169 and 0.000754. Seafarers tend to suffer from
anxiety and depression more often than onshore workers due to their long days away from
their families [36]. As a result, tidy TM packages are able to identify a given disease’s most
common symptoms.

3.3. Bigrams and Correlations

Using Bigrams, we can also show how medical words relate to one another. Bigrams
are visual representations of words arranged in a graph or network. In this study, we
considered a graph with multiple nodes. Graphs were created using the igraph package,
which has powerful manipulation and analysis functions. In Figure 6, we can see a
relationship between different words in the medical records of seafarers. The diet nodes are
connected to words including fatty, spicy, semiliquid, coffee, cigarettes, spices, etc. There
are also triplets with similar meanings (‘cloth’, ‘cotton’, or ‘woolen’).

Additionally, correlation establishes a link between dependent and independent words.
Having a negative correlation indicates a decrease in what we are measuring. This enabled
us to determine which words are closely related to a particular medical term. In this
experiment, we choose some popular words and find other words that are most related
to them (Figure 7). There is 92.3% correlation between the word ‘intestinal’ and the
word ‘urinary’.
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Figure 4. (a). Word cloud picturization of positive (green) and negative (red) sentimental words 
(most of the word alignments are associated with words pain, master, symptoms, hot, correct, lack-
ing etc.). (b). Word count that contributes both negative and positive sentiments; the ‘pain’ word 

Figure 4. (a). Word cloud picturization of positive (green) and negative (red) sentimental words
(most of the word alignments are associated with words pain, master, symptoms, hot, correct, lacking
etc.). (b). Word count that contributes both negative and positive sentiments; the ‘pain’ word had the
highest negative sentiment count (23,557) and the ‘master’ word has the highest positive sentiment
count (8935).
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3.4. Text Classification with ML Modelling

From the large sample of medical documents, we selected two categorical documents,
such as cardiovascular and digestive diseases. The document sample is 8803 and it is
further divided into 70:30, where 70% of documents are for training and 30% are for test
purposes. Three models were trained with an optimal parameter which was defined by
CV validation. Each experiment was conducted with a 10-k value. The Receiver Operating
Characteristics (ROC) curves can be used in medical diagnosis to test the model’s ability
to predict text in documents [37]. In particular, ROC curves are known for their ability to
visualize binary classification. In Table 2, we compare the performance metrics in terms of
accuracy, sensitivity, specificity, and ROC.

Table 2. Performance comparison of adopted models (k = 10).

Model Accuracy (%) Sensitivity (%) Specificity (%) ROC

SVM 64.2 68.3 45.3 0.597
RF 59.0 59.8 55.4 0.613

LASSO 93.8 97.9 80.6 0.976

The accuracy can be measured as the ratio between some of the true predicted docu-
ments and the total number of documents. Among the 2641 documents tested, the LASSO
model correctly predicted 2477 documents, while 164 were incorrectly predicted, resulting
in a 93.8% accuracy. The Figure 8 presents the ROC curve outcome for LASSO regression
model where false positive rate (1-specificity) on x-axis and true positive rate (sensitiv-
ity) on y-axis. It is obvious that the ROC value of 0.976 shows a perfect classification of
the categorical documents included. These results indicate that LASSO regression out-
performs the other two classification models. Moreover, sensitivity is the percentage of
correctly predicted outcomes, and this model scored 97.9%, a relatively high value for
prediction problems.
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4. Discussion

This paper presents an integrated analysis of medical documents of seafarers that
incorporates TM and sentiment analysis. Due to sailors’ distance from medical facilities,
health care is difficult. When doctors onshore diagnose correctly, they can prescribe effective
treatments [38–40]. Using electronic health records (EHRs) can help reorganize services,
train staff on the benefits of working with different teams, and protect staff health, according
to this study. A lack of assistance will put staff and seafarers at risk.

Seafarers often suffer from swelling, fatigue, general weakness, headaches, confusion,
and other symptoms. Different studies have found a connection between symptoms,
including hemoptysis, thrombocytopenia, and high C-reactive protein levels [41,42]. A
hypoxemic patient can develop acute respiratory distress syndrome (ARDS), sepsis, and
even multi-organ failure in a short amount of time [43]. A seafarer’s disease type must be
diagnosed quickly and treated according to his symptomatology.

Medical care professionals can utilize TM to collect and write information from the
patient’s EHRs to support decision-making and disease diagnosis [44]. Pattern-based
mining from EHRs assists doctors, physicians, and laboratory experts by retrieving sig-
nificant knowledge from the system [45]. Pletscher-Frankild and coworkers developed
a TM software program that identifies human and disease genes in text and identifies
disease-gene associations [46]. A study analyzed 100 posts from epilepsy patient forums to
quantitatively analyze patient perspectives on treatments, which may aid medical experts
in designing clinical decision making based on patient-derived information [47].

In recent reports, the importance of EHRs to the functioning of healthcare systems has
been emphasized [48]. Seafarers, for example, have been provided with telematics services
for years. Medical prescriptions are issued in a single, standardized format. Physicians
and pharmacies are required to submit prescription data electronically. Online medical
records are preferred by doctors when prescribing treatments. Text information is stored
in these records. These types of data can be processed by healthcare experts, but they can
only estimate which diseases they are dealing with.

TM has been used to predict hospital admissions based on emergency department
initial medical records [49]. TM can provide valuable information and make it easier for bed
management teams to make decisions. It is reported that TM also plays an influential role
in the autonomous classification of hospital admissions. Moreover, it is reported that TM
examines the performance of text classification from clinical data from hospital reports [50].
This describes how TM can identify hospitalized patients for the treatment of a given
disease based on the information associated with patient admission. This study used a
machine learning approach called LASSO regression to distinguish disease documents
based on clinical terms. The application of statistical and epidemiological methods in
medical research was done with TM. The authors in [51], review the last twenty-year
reports to identify commonly encountered and emergent methods used to investigate
medical research problems.

In medical research, TM was applied to statistical and epidemiological analyses.
Meaney and colleagues reviewed reports from the last twenty years to identify commonly
encountered and emerging research methods [51]. The TM has been used to predict hospital
admissions using emergency department records [49]. Providing this information will
help bed management teams make better decisions. TM is also utilized to classify hospital
admissions as well as hospital reports [50]. The information is derived from the admission
information for the patient. Through TM, patients can be identified for specific diseases.

In an emergency situation, TM knowledge is extremely valuable because it allows
high-quality data to be generated in real time. It is imperative for patients and medical
staff to be careful when providing information [52]. Therefore, a gap can develop between
the data scientists, scholars, and medical professionals capable of producing the data. The
importance of sharing data across care providers will also be affected by this gap. A tidy TM
needs to be presented in these situations so that raw data can be visualized in a prescribed
format and distributed evenly among specialists. Medical abstracts have been organized
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neatly in this paper, and symptom maps for illnesses experienced onboard have been
visualized. LASSO regression models are also used to validate the results. Remote doctors
provide maritime telemedicine assistance, but these practices illustrate the limitations of
using digital health records to produce quality data.

5. Conclusions

For the management of unstructured datasets, tidy-based TM has proven to be a com-
prehensive and efficient tool. It is relatively difficult to recognize treatments and relevant
facts in medical documents written in languages other than English. By combining tidy
TM packages and libraries with semantic manipulation, we developed a comprehensive
approach to identifying onboard diseases. An ICD-10 symptom mapping was also under-
taken. Symptom correlation plots, which measure how different health problems are linked
together, were also presented. Using LASSO regression, this study successfully predicted
text data among documents with 93.8% accuracy. These tidy TM libraries can effectively
classify text documents in healthcare analysis projects. As well as delivering medical assis-
tance, this approach may be used to develop health observatories and to classify diseases. We
propose to apply the knowledge developed in this work to the Epidemiological Observatory
of Seafarers Pathologies and Injuries, a collaborative initiative between the Ministry of Health,
University of Camerino, and the International Radio Medical Center (C.I.R.M.).
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Psychological Stress and Mental Health
Among Seafarers

Graziano Pallotta, Gopi Battineni, Giulio Nittari, and Francesco Amenta

Abstract Objective: This work aims to determine whether the mental health of
seafarers is a significant problem, byproviding actual epidemiological information, to
identify the factors that are supporting or undermining the mental health of seafarers
and to propose solutions and practices aimed at improving the health of this class
of workers. Methods: This study is an epidemiological investigation of mental and
behavioral disorders among seafarers onboard commercial shipswithout a physician.
The aim is to propose solutions to improve the quality of life in this difficult working
environment. We examined 38.477 requests of assistance from patients embarked on
ships assisted by the CIRM from 2011 to 2019. All the diagnosed diseases have been
categorized based on the ICD-10 classification system by the WHO. Results: From
2012 to 2020, 376 cases of “mental and behavioral disorders” were officially diag-
nosed. Themost common formofmental disorderwas anxious syndrome (119 cases),
followed by depressive disorder (103 cases), insomnia (51 cases), panic attacks (35
cases), etc. Over the 9 years analyzed, a total of 37 suicide and 4 attempted suicide
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cases occurred. The number ofmental and behavioral disorders diagnosed onboard—
as well as the number of suicides—shows that the seafarers’ mental problems are a
concrete and serious issue.

Keywords Mental health · Seafarers · Telemedicine · Psychological stress ·
Epidemiology

1 Introduction

The specific and characteristic isolation of the naval environment can put a strain on
themental health of the crews. Being in the middle of the ocean, performing complex
and sometimes dangerous tasks can significantly increase the stress of these workers,
with important repercussions on the health of seafarers [1, 2]. Working always in
the same spaces, isolated from the rest of the world, but at the same time always in
contact with the same people, the same faces, feeling the same noises and smells,
few hours’ sleep, can cause a psychological deterioration that may lead to chronic
disorders and even severe pathologies [3–5].

The logistics of the work onboard ships requires a rigorous division of roles in the
various sectors (bridge, engine, etc.), which inevitably leads to a physical and human
separation between seafarers—all of this exacerbates relationships, emphasizing the
negative aspects [6]. It is no coincidence that the World Labor Organization (ILO)
created a study group on the working conditions of maritime crews in 1993 [7], nor
that the International Maritime Organization (IMO) first and the various national
and community legislators after have launched precise protection rules for seafarers
[8, 9].

On the other hand, it is a fact that research has often focused mainly on accidents
and injuries or physical pathologies [9–11], sometimes neglecting psychological
discomfort, which profoundly affects health, defined by the WHO as “a complete
state of physical, social, and mental well-being” and, therefore, not just the absence
of diseases or infirmities [12]. After all, if technology has ensured contacts with
the mainland and with families via e-mail and the Internet, on the other hand, life
onboard keeps on being, today as centuries ago, a highly penalizing dimension.

Several studies agree that the main cause of mental health problems of seafarers is
the long absence from home [13]. A life inscribed in a dimension dominated by the
roll of the ship, where the perception of existence is punctuated by work shifts, finds
it difficult to deal with an ordinary life, albeit much desired. Nostalgia for home, that
“pain for the desire to return,” as the Greek etymology attests, from Homer onward,
substantiates the individual even when he has returned to his family because he has
been completely impregnated and altered by it.

By listening to many experiences, another data emerged to pay utmost attention
to—the “transition” period, that is, the phase relating to the first days after returning
home, a real period of re-adaptation, similar to what the seafarer will suffer before
departure and in the early days spent on board. This is why, uneasiness and tension
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are expressed in couples and families, while children, especially if they are young,
see their fathers as “strangers,” elements extraneous to their life, which becomes
“normal” when they leave [14].

This work aims to determine whether themental health of seafarers is a significant
problem, by providing actual epidemiological information—furthermore, to propose
solutions and practices aimed at improving the health of this class of workers. The
research questions that we aim to answer by this work as follows.

RQ1:Domental health disorders represent a health issue for seafarers and shipping
companies?
RQ2: What factors can improve or worsen the mental health of seafarers?
RQ3: What initiatives can be applied to improve life on board?

2 Methods

This work is an epidemiological investigation carried out on 38,477 requests for
assistance from seafarers embarked on commercial vessels without health personnel
on board and assisted by the International Radio Medical Center (C.I.R.M.), in the
9 years 2012–2020, focusing on the mental health of seafarers.

As in these vessels, there is nomedical personnel onboard—health care is provided
through telehealth techniques. For each patient assisted by theC.I.R.M., an electronic
medical report was established and called “electronic health record” (EHR), which
has been updated following every contact with the ship [15]. These records represent
the basis of the investigations carried out in this study. All the diagnosed diseases
have been categorized accordingly to the International Statistical Classification of
Diseases and Related Health Problems, 10th Revision (ICD-10) by theWorld Health
Organization (WHO) [16].

Among the different ICD-10 categories, we took into consideration the diagnoses
included in the ICD-10 Class “V,” called “mental and behavioral disorders.” All data
were analyzed with standard statistic methods. Microsoft Excel was the software
used for information processing and result analysis. Data are expressed in the text as
means ± SD.

Data were anonymized before being used for research purpose. The survey is
a part of the project called health protection and safety on board ships (acronym:
HEALTHYSHIP). It is a project of disease prevention and health protection onboard
sailing ships through information campaigns on the major health risks for seafarers
and on their approved by ethical committee at International Radio Medical Center
(C.I.R.M.) [17].
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3 Results

The results of the epidemiological analysis are summarized in Tables 1 and 2,
and Fig. 1 presents mental disorder distribution. The diagnoses were performed
by competent physicians of the C.I.R.M., adequately trained, via telemedicine plat-
forms capable of communicatingwith the patient by phone or video call. Available for

Table 1 Specific diagnoses and total cases included in Class “V” of the ICD-10 system, sorted by
year

Disorder 2012 2013 2014 2015 2016 2017 2018 2019 2020 Total

Anxious
syndrome

16 14 14 15 13 8 12 15 12 119

Behavioral
disorder

1 1 1 1 2 1 2 2 2 13

Confusion state 1 0 1 2 0 2 1 1 1 9

Depressive
disorder

8 14 7 10 16 12 16 4 16 103

Generalized
malaise

0 0 1 2 1 0 0 1 1 6

Insomnia 1 6 4 6 7 11 6 2 8 51

Panic attack 2 3 2 9 4 4 3 3 5 35

Psychomotor
agitation

2 1 0 1 2 1 3 1 2 13

Psychotic
syndrome

3 3 1 2 3 2 2 1 4 21

Spatiotemporal
disorientation

1 0 0 1 1 0 1 1 1 6

Total 35 42 31 49 49 41 46 31 52 376

Table 2 A number of
suicides and suicide attempts
reported in the 9 years
2012– 2020

Year Suicide attempts Suicides Total (suicides +
attempts)

2012 0 4 4

2013 1 2 3

2014 0 5 5

2015 0 3 3

2016 1 3 4

2017 0 4 4

2018 1 4 5

2019 1 6 7

2020 0 6 6

Total 4 37 41
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Fig. 1 Total cases of mental disorders recorded in 2012–2020, distinguished according to their
specific diagnosis

doctors, the patient’s electronic health record (EHR), which indicates all the known
medical information of the subject, aswell as their complete recordedmedical history.

The diagnoses were confirmed following the guidelines of the ICD-10 system by
theWHOand by theDiagnostic and StatisticalManual ofMental Disorders (DSM-5)
published by the American Psychiatric Association.

From 2012 to 2020, 376 cases of “mental and behavioral disorders” were offi-
cially diagnosed with a slight increase in cases over the years (refer Fig. 1), hand
in hand with an increased number of patients treated in total. Between 2011–2019,
the most common form of mental disorder was anxious syndrome (119), followed
by depressive disorder (103), next are insomnia (51), panic attacks (35), psychotic
syndrome (21), psychomotor agitation (13 cases), behavioral disorder (13), confes-
sional state (9), spatiotemporal disorientation (6), generalized malaise (6). Over the
9 years analyzed, a total of 37 suicide and 4 attempted suicide cases occurred (Table
2). These are worrying numbers that may be strictly related to the mental disorders
diagnosed and mentioned above. The number of suicides over the years appears
fairly constant, without a visible tendency to increase or decrease. Also, worrying
is the fact that the number of successful suicides is significantly higher than suicide
attempts (37 vs. 4).

The main mental health problems onboard diagnosed from 2012 to 2020 are
anxious syndrome (119) and depressive disorder (103). Anxiety disorders are a set
of psychiatric disorders characterized by unjustified fear and anxiety, often associ-
ated with psychosomatic manifestations that create considerable discomfort for the
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subject. Commonly, these are chronic disorders present in a latent form in the indi-
vidual, and that occurs as a result of particular psychophysical stress, or following
a traumatic event. They are characterized by a strong anxious and phobic compo-
nent, inmost cases unjustified. The naval environment may trigger these pathological
conditions, as suggested by the high number of cases diagnosed on board.

A depressive disorder is a complex psychiatric pathological condition character-
ized by episodes of depressed mood, low self-esteem, loss of interest in normal life
activities, etc. It is a disabling disease capable of compromising the patient’s social,
physical, and working life. It normally starts manifesting itself at 20 years of age,
with a peak in subjects between their 30s and 40s [18]. For both anxiety and depres-
sive disorders, drug therapy associated with targeted psychotherapy is essential [19].
Although the causes of depression are still being studied, it is now widely believed
that both biological and genetic factors, as well as environmental and psychological
factors, can determine the onset of depressive disorder [20].

4 Discussion

Epidemiological information relating to themental health of seafarers has been rather
scarce so far. This ismainly due to a historical lack of interest in the naval environment
epidemiology and also to a greater emphasis on physical pathologies and injuries
[9, 10].

After all, determining seafarers’ mental health is quite difficult. First, we are
talking about remote workers, located far from the land and difficult to reach. They
are selected following specificmedical examinations. This determines the immediate
elimination of the most fragile and sick subjects, creating a population of workers we
could define as “selected” and, therefore, theoretically “stronger.” Therefore, even
from a merely statistical point of view, it is difficult to compare maritime workers
with the rest of the population, or with other groups.

Among the environmental and social factors that would seem to play a greater role
in the etiology of depression, we have childhood trauma, family problems, bereave-
ments, divorces, serious health problems, poverty, unemployment, social isolation,
etc. [21] Work mobbing, bullying, and prolonged work stress are also recognized as
possible causes [22]. There are situations that, according to the most recent litera-
ture, occur quite frequently on board [23]. Indeed, physical and/or verbal offenses,
humiliation, bullying, persistent criticism, etc. often occur onboard ships [24]. The
maritime authorities must consider these social issues like these can have harmful
consequences for the health of seafarers. Aggressive, violent behavior (both phys-
ically and verbally) should be reported, and the perpetrators were identified and
severely punished. Repeated physical and verbal abuse phenomenamust be predicted
and punished under the regulations in force.

The number of suicides may appear as low after a first observation of the data
(Table 2), and this number takes a different perspectivewhen compared to the number
of confirmed deaths per year. For example, in 2020, the year with the highest number
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of confirmed deaths (26), 6 suicides occurred (23% of all deaths). In 2018, 4 of the 27
deaths recorded were suicides (15% of all deaths). The same applies to 2016 where 3
suicides occurred out of 23 total deaths (13% of all deaths). This means that suicides
account for an important part of all the deaths that occur on board. Although the
number ofmental illnesses diagnosedonboard is low, itwould be useful to understand
why cases of suicide on board are such a significant constant in all the years analyzed.
Data about repatriation could provide interesting information—however, it emerged
that many seafarers prefer to suffer in silence, fearing to be diagnosed with a psychic
and/or mood disorder, which may lead to repatriation and a possible compromise
of their future job opportunities [23]. This may lead to a serious underestimation of
diagnoses of mental illness and stress on board. Monitoring and support programs
aimed at the psychophysical health of the maritime patient are, therefore, crucial.

According to themost recent literature, several factors can compromise themental
health of seafarers. First of all, the distance from home, followed by the condition of
isolation, loneliness [25–27], few leave, too long work contracts [28], poor-quality
food [23], bad social relationships on board, and [28] fear of losing their job [29, 30],
fear of losing their family [26, 28, 31–33]. The researchers are also quite sure that
the different tasks onboard significantly affect the mental stress to which seafarers
are subjected. From this point of view, the most fragile category would seem to be
the officers, engineers, and engine crew [4, 25, 31, 34]. The social relationships that
can be established in the naval environment can have their impact as well-strong, and
important friendships can improve life on board. On the contrary, enmities, bullying,
fights, and bad relationships can significantly compromise an already difficult co-
existence [23]. Themental health problems of seafarers are not limited to their period
on board. The problems ashore can be just as serious. Separation and divorces are
very frequent among seafarers [35]. The situation is complicated for those couples
with children, where the maritime member is often not to see their child grow up,
from whom he is then seen as a sort of distant relative [23]. Often, in the few months
on the ground, the seafarer is forced to face problems such as family issues, illnesses,
economic problems, bereavements in the family, bills, political and social situations.

The work done by ITF Seafarers Trust and Yale University has led to the identifi-
cation of needs that seafarers have, by recognizing what they think would be good to
make them happier and reduce stress [23]. Since naval isolation and distance from
home are the main causes of depression and mood disorders on board, there is a
need to enhance the possibilities of communication and contact with the mainland.
Communicating with families and friends on the ground must be simpler and more
immediate. At the same time, there is a need for something that breaks the daily
routine and diversifies the working days, so that no two days are alike. Recreational
activities, social events, the opportunity to practice sports, better quality food are the
main needs on board. Themed events, group activities, customizable and thematic
lunch/dinner menus are some of the seafarers’ wishes to break the monotony of a
work environment which can be insidious to their psyche. These are needs that can
be met with a minimum of organization and method, but which may also have the
great potential to improve the general health of this class of workers.
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5 Conclusions

In terms of numbers the specific cases of maritime patients affected by mental disor-
ders appear low when compared with other classes of pathologies, there is evidence
that these health problems may actually be more widespread and often hidden by
the seafarer himself. Equally worrying is the number of suicides that occur on board
every year, covering an important number of all recorded deaths. Although epidemi-
ological information does not show a large diffusion of mental disorders on board,
from an elaboration of these and the analysis of the literature, the authors hypoth-
esize that these data may be underestimated. The mental problems on board are
concrete and capable of seriously compromising the seafarer’s health, work, and life
in general.

6 Recommendations

The problem has so far been acknowledged only by a small group of shipping compa-
nies, which are finally starting to seriously consider the problem of mental health,
proposing strategies aimed at improving co-existence onboard commercial vessels.
The scientific research will aim to better identify the needs of the seafarers to propose
reactive solutions and guarantee mental well-being on board. Authorities and ship-
ping companies need to take patient health more seriously and establish monitoring
and mental support programs. The mental health of these people must become of
interest to both naval authorities and societies.

Conflicts of interest The authors declare that they have no competing interests.
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Telemedicine Services and Frameworks 
During COVID 19: A Case Study 
of Seafarers

Gopi Battineni, Nalini Chintalapudi, 
Mohammad Amran Hossain, and Francesco Amenta

1  Introduction

COVID-19 is an individual disease from an enormous group of infections causing a 
few pathologies influencing the pneumonic framework going from the normal cold 
to extreme respiratory conditions like the severe acute respiratory syndrome (SARS) 
and the Middle East respiratory syndrome (MERS). The virus called SARS-CoV-2 
causes the COVID-19 disease.

It is undeniably seriously a testing time and hard to treat the coronavirus of 
patients on-board a ship compared with onshore patients. Ships Ships are at sea for 
days or weeks before they can reach a port and in general do not carry doctor or 
qualified paramedics. The transportation area conveys 90% of worldwide exchange 
and is the fundamental conduit of worldwide stockpile chains [1].

The COVID-19 pandemic addresses a significant issue for sailors. According to 
an association’s perspective, seafarers need to deal with extensive issues joining and 
leaving their deliveries in ports (every month, around 100,000 sailors are associated 
with group changes). The restriction or if nothing else delays in being permitted to 
get back, augmentation of voyages through obligation with the subsequent weak-
ness brought about by an expanded responsibility, disconnection, and prevalent dif-
ficulties for sailors due to constrained detachment from their families all build 
mental pressure among sailors. The pandemic likewise has a direct impact on the 
medical issue of sailors. There are quarantine limitations for global sailors on being 
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ready to go aground for clinical treatment or access port-based government assis-
tance benefits just as limitations on the conveyance to boats of fundamental clinical 
supplies, in situations where ships are declined passage into ports.

The circumstance on the cruise ship called Diamond Princess is an ideal example 
of the troubles in giving clinical help on-board a boat during the outbreak caused by 
COVID-19 disease. The Diamond Princess is a British-enrolled voyage transport 
that showed up seaward of Yokohama port on the evening of February 3 (Monday), 
2020, and on that day the quarantine started [2]. There were 2666 travellers and 
1045 group individuals on-board the boat (a sum of more than 3700), and surpris-
ingly however the boat had clinical offices locally available and was helped by 
Japanese health specialists; the quarantine went on until February 20, and 619 of 
3700 travellers and team individuals (17%) were tested positive [3]. Despite the 
conversations about the viability of general health countermeasures taken on that 
event, the circumstance exhibits that it is so hazardous to oversee epidemic issue 
on-board ships.

On other hand, the COVID-19 crisis has required proceeding with alternate 
courses of action, making it important to re-examine the current way to deal with 
medical services just as the most effective method to adjust to the arising needs of 
medical services in the specific circumstance of a pandemic. Through the imple-
mentation of telemedical systems, it was figured out how to relieve the spread of 
infection by carrying out social distancing and avoiding patient-doctor interactions. 
The spread of infection among communities should be forestalled to limit the dan-
gers of disease for health experts. In this regard, fundamental telemedicine admin-
istrations might assist with protecting public health in emergencies.

One of the benefits of telemedicine can be the everyday observing of certain 
health parameters and side effects like monitoring via mobile apps, which can also 
be measured or reported by patients. Telemedicine additionally permits admittance 
to patient visits who, for different reasons, face difficulty going to the hospital or the 
specialist’s centres or who live in regions ineffectively associated with therapy habi-
tats. Moreover, remote patients’ consultants (and a few tests) have proved to be 
fundamental in this time of health emergency, to have the option to complete clini-
cal preliminaries that in any case would have needed to stop.

A movement of frameworks has been proposed for infection prevention and con-
trol (IPC) that might control the COVID-19 danger. Telemedicine together with live 
videoconference and an essential valuable call license could contribute to identify 
the clinical situation which allows assistance of adequate treatement. It can likewise 
be applied for patient symptom recordings like respiratory, heartbeat, and oxygen 
level rates needed at home.

Moreover, telemedicine can give mental Web-based support to organizations in 
the setting of patient protection by diminishing the emotional health inconvenience 
from COVID-19 and sharing information about the symptoms of stress, demoraliza-
tion, and anxiety. It is suggested that telehealth has a couple of advantages in giving 
comprehension of immunology behaviours, for instance confining the introduction 
of clinical specialists to possibly stained patients and induction to the quick evalua-
tion for COVID-19 tainting.
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It is reported that the exercises for the security of medical services, clinic staff, 
and patients should have to embrace the virtual frameworks to make staff timetables 
and do charging for clinical consideration organizations. There are some easy-to- 
set-up potential outcomes to monitor COVID-19  in live videoconferencing. Live 
videoconferencing helps to avoide the direct physical contact, likewise, diminish 
the risk of the show to respiratory deliveries and anticipating the normal transmis-
sion of tainting to specialists and other clinical benefits providers. Moreover, live 
video could be useful for patients who search for a gathering on coronavirus, and 
likewise for ship workers with high tension, rather than in-person visits in circum-
stances of persistent sickness reviews (for instance, diabetes and danger), some 
remedy checks, and emergency when telephone services are not available.

The need for telemedicine administrations for COVID-19 (i.e., Rather than 
anticipating that all outpatient practices should remain mindful of a rapidly develop-
ing proposition concerning COVID-19, medical frameworks made chatbots that 
imply moderate- to high-risk patients to sustain crisis lines). These facilities permit 
patients to design video visits with setting up or on-demand providers to avoid the 
travel to personal care centres.

In this chapter, we provide a discussion on recent telemedical technologies used 
for seafarers’ health. In addition, this chapter also provides the telemedical frame-
works used in controlling measures during the outbreak of COVID-19 for seafarers.

2  Attention to On-Board Psychiatric Issues During 
COVID-19 Pandemic

At present, the global pandemic caused by COVID-19 disease has changed all 
human lives because of its sheer magnanimity. Its rate of infection and death is 
unprecedented and is manifold as compared with other existing epidemics. This 
dangerous disease has affected people worldwide irrespective of nation, gender, and 
racism. Especially people from remote areas like seafarers are getting more atten-
tion due to their psychological issues, and their mental health will also be not in a 
good position.

When seafarers get mild symptoms, a greater risk of fear and stress would make 
them more vulnerable. This vulnerability causes various psychological problems 
like distress, depression, anxiety, insomnia, and even suicidal death. During 
COVID-19, social and economic factors (i.e. education, job status, and employ-
ment) were responsible for half of the overall individual well-being, and the remain-
ing half was determined by individual behaviours (i.e. smoking, alcohol consumption, 
diet) and access to health [4]. Figure 1 presents the conceptual tree model of social 
determinants in the mental health competency of seafarers.

To lessen the psychological vulnerabilities, it is time to understand the science 
behind the disease rather than fearing it. Psychiatrists, psychiatric nurses, clinical 
psychologists, and other mental health workers should bridge the gap between fear 
and reality. The false news spreads are to be curbed; instead, solidarity towards 
frontline workers with kindness gestures would certainly motivate them to stay 
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StressFig. 1 Conceptual tree 
model of communal 
psychiatric issues among 
seafarers

energized with their mental status high. Online assessment to understand emotions 
and behaviour and fear assessment can be made available to ease out stress, depres-
sion, and fear [5]. Various computational and learning algorithms need to be put in 
place to pre-empt the psychological imbalance like the risk of suicide, lessen human 
manoeuvrability within the affected area, predict viral relapse, and classify and con-
tain the disease, which would amend the calibre of effectiveness during emergency 
interventions.

Research initiatives have been taken to develop efficient and cost-effective medi-
cal devices for analysis of virus strains, etc. In closed environments like ships, test-
ing facilities are needed to have access to each and every employee of the ship. 
There is also a sufficient amount of personal protection gear and equipment along 
with an insurance scheme for health and police personnel serving across the mari-
time industry. Yoga, meditation, and training sessions should be conducted on-board 
to overcome mental pressure. However, after all these commendable efforts, the 
sailor population is still scarred by the stigma of fear and distress about the conta-
gion leading to psychological health.

Despite this, there is an instance of psychological imbalance among marginal-
ized people and low-level workers. At this rate of infection and death worldwide, 
challenges are emerging to keep everyone psychologically well. On-board, psychia-
trist intervention is much required today [6]. When a seafarer loses his/her job, it 
amalgamates financial burden, social stigma, and family disobedience leading to 
disorderly behaviour, disrupting mental health in such a stressful and chaotic 
environment.

As per the International Labour Organization report, 305 million full-time jobs 
are at risk of being lost due to this pandemic. This number is about 1.5 times the 
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previous estimation of around 195 million jobs being lost in the first quarter of 2020 
[7], thus creating panic in the life of global seafarers and predominantly leading to 
various psychological disorders. Thus, this epidemic can be regarded as a mental 
health catastrophe [8]. It is quite evident that there is an inherent characteristic of 
epidemics including COVID-19 to have comorbidity with psychological disorders 
related to either fear or financial distress. Every other loss like economic slowdown 
or job loss can be recovered except the psychological disorders, which are more 
catastrophic to human life. Thus, timely intervention and medical management are 
the call of the hour in the current scenario.

To forestall psychological wellness issues among seafarers, all attributes of asso-
ciations at sea, at the port, and in different sorts of vessels have to be remembered 
for prevention programmes, and more examination needs to be led on factors of 
weariness and stress among sailors and fishing workers. We worried about long- 
haul mental and social impacts on seafarers during the COVID-19 pandemic. In the 
initial segment, psychological disorders like despondency, uneasiness, and an 
expanded rate of suicide will show up. In a subsequent part, with uneasiness, social 
pressure from family, and financial challenges, we could estimate that various sea-
farers will not return on-board vessels and will leave the sea transport.

Increasing access and health information and in-person meetings with psycholo-
gists or by videoconference are imperative. Capacities of team changing, help from 
well-being administrations, and foreign workplaces are likewise required. 
Conversations between worldwide associations, transportation sectors, and labour-
er’s institutions to assemble present-moment and long-haul counteraction activities 
could surely be beneficial for seafarers.

3  Reliability of Telemedical Services During 
COVID-19 Outbreak

Since the beginning of the national emergency from COVID-19, the Italian National 
Centre for Telemedicine and New Assistive Technologies of the Higher Institute of 
Health (Istituto Superiore di Sanità) has been collaborating with the operational 
realities on the Italian territory by providing its support to the realization of con-
crete, rapid solutions to be applied. It follows current regulations to offer the best 
guarantee of health safety for both patients and professionals. There are numerous 
needs for care and assistance both in hospitals and even more in the territories that 
are also rigorous in terms of medical practice and protection of safety, covering real 
needs, including non-local ones, with solutions that can be scaled according to 
needs and using the network to cancel the distance between people and create 
impassable barriers for the virus [9, 10].

In the COVID-19 health emergency, the National Health Service (NHS) was 
called upon to provide services to persons obliged to quarantine or in fiduciary iso-
lation with unprecedented significant numbers. These services have the dual pur-
pose of helping to combat the spread of COVID-19 and of ensuring as far as possible 
the continuity of care and assistance, to which people are entitled. Moreover, even 
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those who find themselves isolated at home as a result of the necessary rules of 
social distancing may still have needs for continuity of care and assistance [11–13].

Although it is a priority to increase the possibilities of home care for people 
affected by COVID-19, for the reasons just mentioned, at the same time the care and 
home care for those people who present it cannot be neglected because of their 
pathological conditions or frailty. Furthermore, all these needs must be addressed in 
conditions of a health emergency, with a relative lack of material and human 
resources and taking care to observe the anti-contagion rules for the greatest possi-
ble protection also of health personnel.

It should be noted in terms of the personalized surveillance of the clinical picture 
in these people, that the choice of signs and symptoms to be monitored can be orga-
nized in pre-established digitized files, suitably according to the pathologies taken 
care of and taking care to leave it to the doctor, with always the possibility to modify 
them. These operational aspects will be addressed in further specific insight docu-
ments, considering that even in the course of an emergency from COVID-19, the 
creation of a telemedicine service includes the assumption of responsibility to 
define when it can be indicated in the individual case and which ones are the meth-
ods of alternative service provision when contraindicated.

The use of remote services is therefore fully justified. They should be provided 
to people, where possible, primarily through modern digital and telecommunication 
technologies, which offer the best operational opportunities compared to the use of 
previous technologies. The possible services with telemedicine are manifold, where 
they were in operational conditions even before COVID-19 [14]. Instead, where 
telemedicine is not yet structured in a system of national significance, being in a 
situation of health emergency, it is, first of all, necessary to create and make avail-
able those solutions that can be activated quickly: in less time, which can be used by 
people at home with the technological equipment available to them immediately 
and that can be activated for periods corresponding with the needs posed by the situ-
ation of emergency.

Based on the Chinese experience of the evolution of the epidemic, as a first 
approximation, in creating remote services, the relational needs of users with the 
health system must be taken into account. The isolation inside one’s home makes it 
particularly desirable to be able to count on a service that can be easily used 
remotely, being able to quickly access the interview with the healthcare profession-
als, as needed. Due to the limitation of travel, the person expects to receive already 
through the electronic contact the solution of his/her problem or the clear indication 
of how to solve it or at least to perceive the concrete possibility of being assisted 
effectively and safely. In the absence of the aforementioned feedback, the person 
will tend not to trust the proposed system and not to use it, especially when faced 
with urgent needs in reality.

Patients suffering from chronic diseases or requiring long-term treatments are 
usually managed in part or entirely by local services or residential structures (just 
think for example diabetes, chronic cardiovascular diseases, COPD, pain therapies, 
chemotherapy, psychiatric pathologies, disabilities), also including people suffering 
from rare diseases and frail conditions that require constant contact with healthcare 

G. Battineni et al.



121

facilities and healthcare professionals of reference, or people who need particular 
assistance and/or support not in the hospital, but not deferrable (for example preg-
nant women, mothers, people with psychological problems).

The target of a home assistance service in telemedicine consists of bringing 
healthcare services to people in isolation who are isolated following the rules of 
social distancing, to proactively monitor their health conditions, in relation to both 
the prevention and treatment of COVID-19 and the continuity of assistance that may 
be necessary for other pathologies and/or conditions that require it.

This general objective is useful for directing organizational actions within the 
framework of a scientifically valid methodology that facilitates its implementation. 
However, this alone is not sufficient to provide individual services appropriate to the 
care of the individual. In building these telemedicine services, it is also necessary 
that the doctor identifies which diagnostic, therapeutic, and assistance activities can 
be carried out remotely, with the technologies available and usable by the person 
concerned. The physician responsible for the treatment must be able to choose from 
time to time the combination of organization and technology that proves best, in 
terms of efficacy and safety, for the person to be assisted. Equipping the patient with 
technology, however advanced, does not automatically lead to recovery. The patient 
can be cured if the technology is appropriately used within clinical reasoning that 
has as its purpose the care of the individual and not the use of technology.

Within healthcare facilities, the connectivity of the workstations is usually 
ensured optimally. However, it is recommended to perform connection speed tests 
and verify the real possibilities of the local network to support data traffic compared 
to the average volume of simultaneous download and upload requests, which will be 
useful both as guarantee of good functioning at the time of implementation and to 
document its quality in future analyses on the work carried out during the emer-
gency period. This will not be an additional effort since the applications to perform 
such tests are very common and easy to use.

A particular case concerns the position of the doctor who works in telemedicine 
from the place where he/she is domiciled for quarantine. In this case, beyond the 
opportunity assessments, it is recommended to assess the same procedures described 
above in the paragraph relating to the recipient of the service, requiring the doctor 
to perform the above connection speed tests.

4  The Types of Telemedical Services

This section proposes the structuring of four different types of telemedicine services 
to respond as best as possible to health needs in different situations. Each of these 
services can be created and provided individually. With appropriate technical mea-
sures, the four services can be associated with each other in various combinations, 
or even implemented all within a single telemedicine system.

For the sake of simplicity, we considered the implementation option in which all 
four types of services are present. The four services can be applied on a single ter-
ritory but can be extended in modular form in further areas, even if not contiguous 
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to the first, or be replicated separately, but in the latter case, it is necessary to dupli-
cate all the parts that compose it, including the related health coordination centres.

It is useful to underline, before going into the details of the different types of 
services, that they are not aimed at a specific category of doctors but can work with 
the collaboration of any doctor. This is consistent with the health emergency and in 
particular should the relative shortage of doctors increase. However, the organiza-
tion of remote work envisaged in these services is especially adequate for collabora-
tion with general practitioners, who can contribute better than others to the more 
precise assessment of the situation and evolution. For their knowledge of patients, 
they can insert into the system the baggage of their specific knowledge of the 
patients entrusted to them, with anamnestic details and considerations.

The four types of telemedical services during COVD-19 that are in need are 
mentioned below.

4.1  Type 1: Active Remote Control of the Health Status 
of People to Detect the Possible Appearance of Signs 
and Symptoms of COVID-19 Infection

This type of service is aimed at people affected by diseases before the time when 
quarantine or isolation was required, asymptomatic and falling within the definition 
of close contact or confirmed case. This type of service is proposed to immediately 
identify in such people the appearance of symptoms and/or signs attributable to the 
beginning of the symptomatic phase of COVID-19. This service finds its direct util-
ity in the remote control of the spread of the contagion, with a clear utility in the 
overall management of the emergency by the authorities, but it also has an individ-
ual utility as it allows to make the treatment of support to the individual, increasing 
the chances of recovery.

Furthermore, it facilitates the correct adoption of home hygiene and prevention 
measures by the person himself/herself and any cohabitants. Healthcare personnel 
must operate in a coordinated manner concerning the public health services of the 
relevant territory, to optimize the use of resources, and must also act according to 
national provisions and guidelines, to ensure uniformity of procedures and services. 
The remote control activities can be performed by adequately trained healthcare 
personnel; they are based on repetitive and standardized procedures of anamnestic 
update and detection of some simple objective signs (e.g. body temperature), 
together with regular interviews in a video call in which the collected data and infor-
mation on the state of health are verified. At the same time, during the video call, the 
person is provided with useful information and advice. These contacts, regularly, 
also contribute to improving individual adherence to indications, prescriptions, and 
treatments.

For this type 1 service, the objective data that must be collected are all those 
that are indicated by official sources as necessary and sufficient to make a clinical 
diagnosis of COVID-19 or at least to suspect it [15]. The clinical symptoms most 
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commonly encountered in laboratory-confirmed COVID-19 cases were fever, dry 
cough, fatigue, sputum production, dyspnoea, sore throat, headache, etc. [16]. It 
is advisable to include all these symptoms in the computerized procedures for the 
detection of anamnestic and control information, asking the person in isolation to 
indicate only if one or more of them are present. This can also be done via a ques-
tionnaire in the app or during video-call interviews and is used exclusively to 
identify people in quarantine or isolation who become symptomatic or 
paucisymptomatic.

The video-call system, by its nature and always in consideration of the health 
emergency, does not require the high characteristics that are normally required to 
ensure health safety when making decisions in the differential diagnosis (e.g. preci-
sion image) and for which high- or maximum-level certifications are required. This 
allows us to be flexible in using various video-call systems to adapt to the techno-
logical possibilities available at the person’s home.

4.2  Type 2: Tele-Surveillance of the Clinical Picture of People 
in a Situation for the Necessary Treatment Against 
COVID- 19 and to Arrange for Any Hospitalization 
When Appropriate

This type of service is aimed at people related to a situation already illustrated 
(“people not affected by diseases before the time when isolation was required, who 
have mild to moderate symptoms compatible with COVID-19 infection, and who 
fall within one of the definitions of the suspected, probable, or confirmed case”). 
These are numerous patients who develop symptomatic forms of COVID-19, or 
symptomatologic pictures compatible with COVID-19  in suspected cases, with 
mild or moderate symptoms and signs, whose condition is manageable at home and 
in the absence of further pathologies.

The typical medical image of reference for inclusion in this service consists of 
fever between 37.5 and 38.6 °C, dry cough, cold symptoms (and/or other symptoms 
indicative of COVID-19 referenced in type 1), and without dyspnoea. The objective 
of this type 2 service is to treat the aforementioned patients remotely with suitable 
treatments, maintaining medical control at home, with greater proactivity than 
would be possible without telemedicine systems, providing an effective and easy- 
to- use tool for optimizing primary care in the current emergency and to safeguard 
the safety of healthcare professionals. The insertion of the patient in this type 2 
service is associated with the reporting of the case to the public health services for 
the execution of the COVID-19 test, where required. The patient can be entered 
directly into type 2 service or addressed to it by type 1.

The changeover manoeuvre from type 1 to type 2 service allows the doctor to be 
placed in the best conditions to recognize as quickly as possible at the moment the 
symptoms that tend to increase in number and intensity, increasing control in tele-
medicine. Severe forms of the disease, with more intense symptoms, occur in 13.8% 
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of cases, and 6.1% of patients present a critical form of COVID-19 with respiratory 
failure, septic shock, and/or multi-organ dysfunction/failure, with further related 
symptoms [17–19]. Using telemedicine systems in this way means treating people 
at home instead of hospitalizing them, when this is possible and useful for the per-
son, while it does not mean using telemedicine to delay hospitalization that is 
deemed necessary.

In type 2 service, the appropriate combination of measuring equipment can have 
a high level of standardization, but it cannot be established first rigidly for all peo-
ple. The doctor based on the interviews with the patient, decides from time to time 
which measurement scheme is suitable, choosing from a basic set of measurements 
that he/she can modify in part. In case of need the same patient can transmit the 
measurements online or can report them during the follow-up video call with 
the doctor.

The control video calls, always associated with the detection of the symptoms 
and signs indicated above, have the meaning of allowing the patient’s clinical and 
risk conditions to be assessed remotely, directly by the connected doctor, to com-
plete the framing of the case, to decide on the treatment against COVID-19, and 
above all to react promptly in case of worsening towards serious forms of the dis-
ease. The video call allows to partially overcome the limits of simple telephone 
contact, also transmitting images and colours.

In this way, it allows the doctor to perform at least part of the normal medical 
examination including the collection of the anamnesis and partially the physical 
examination (inspection).

4.3  Type 3: Active Tele-Surveillance of the Overall Clinical 
Picture of People to Provide the Best Possible Continuity 
of Care and Assistance at Home, About the Underlying 
Condition and Any COVID-19 Infection

This type of service is aimed at people suffering from chronic diseases or rare dis-
eases and people in fragile conditions, or who require long-term treatment or par-
ticular assistance and/or support not in the hospital, and who need to maintain the 
continuity of services during quarantine or isolation or in the period of application 
of the social distancing rules.

The objective of this type 3 service is to continue home care and assistance in 
favour of the aforementioned patients concerning their basic condition, placing 
them under the maximum protection obtainable against COVID-19. For these peo-
ple, the damage produced by the interruption of care and assistance following forced 
isolation or social distancing has the same importance as that deriving from the 
contagion. The development of COVID-19 in people already suffering from other 
demanding pathologies, with reduced functional reserve, can more easily induce 
extreme consequences in a short time, but the interruption of the necessary treat-
ments will cause damage that is difficult to recover, which will manifest itself in a 
long time but equally with serious consequences.
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For these people, it is necessary to use telemedicine systems to keep the services 
dedicated to them actively, modifying, if necessary, the procedures to obtain the 
widest possible accessibility and usability even at a distance while maintaining 
medical control for both primary care and specialist services and also in these cases 
to safeguard the safety of health professionals. The patient can be inserted directly 
into type 3 service or addressed to it by type 2 in the manner described above. The 
changeover manoeuvre from type 2 to type 3 service allows the doctor to be in best 
conditions to keep the underlying pathological picture under control and at the same 
time monitor any appearance/evolution of symptoms and signs from COVID-19. 
The operational procedures relating to COVID-19 in this type 3 service are identical 
to those reported in types 1 and 2. However, in the activities in telemedicine for the 
contrast to COVID-19 aimed at these patients, measures of greater protection are 
applied based on the cases.

Upon the appearance of symptoms, the telemedicine system, using checks on the 
data detected by the devices and together with the daily verification of the doctor via 
video call, must allow the doctor to prescribe the appropriate and personalized treat-
ment at home, as well as to immediately identify situations of worsening of condi-
tions that require more care in a hospital setting. About the points in the list above, 
it should be borne in mind that, even in the health emergency due to COVID-19, the 
task of the telemedicine services offered at home for these patients essentially con-
sists of limiting the frequency of episodes of exacerbation of chronic pathologies 
and/or preventing complications, reducing as much as possible the need for services 
for which it is essential to go to health facilities. This task, as already extensively 
studied and applied in telemedicine, can be carried out, in part or whole, by detect-
ing and transmitting the necessary and personalized set of clinical parameters to the 
referring physician. However, in an emergency, it is possible to be forced by circum-
stances to organize home services in telemedicine having to accept the limits of the 
availability of hardware and software at the patient’s home.

In cases where it is not possible to deliver the necessary instruments to the patient 
and either he/she or caregivers are not able to use them acceptably, it is necessary to 
organize an adequate sequence of alternative actions, until the material resources 
available are such as to guarantee safety and efficacy. It is recommended already in 
the organizational phase to define in which situations the assisted patient must be 
directed to face-to-face services, which in turn may be both at home and in health 
facilities.

4.4  Type 4: Psychological Tele-Support Regarding 
the Discomforts and Limitations of Isolation (at 
the Request of the People)

This type of service is aimed at any person who is in isolation or quarantine, or de 
facto isolated following the rules of social distancing, in the course of COVID-19. 
The service aims to put the person in isolation in audio-video contact with a psy-
chologist [20]. The video call is activated on individual request, with a procedure 
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that allows the service to be provided in the shortest possible time, based on the 
available resources, directly at the person’s home.

It is particularly indicated and recommended for this type 4 service that the coor-
dination of the activities is assumed by the competent authorities. By definition, this 
type of activity cannot be standardized, and therefore coordination serves exclu-
sively to optimize the provision of the service to guarantee its uniformity, especially 
concerning the application of scientifically correct intervention methods in safe 
conditions.

The interviews will in any case be subject to the code of ethics of the order of 
psychologists and will not be recorded. The service does not consist of medical 
assistance activities but consists exclusively of carrying out interviews with a psy-
chologist, which have the purpose of giving support to people in isolation against 
the discomforts, limitations to relationship life, and fears caused by the specific 
situation. The psychologist, registered in the register, interacts via video call with 
the people who request it and can, once the first contact has been established and 
where he/she deems it necessary, arrange further interviews via video call with 
the person.

Before starting the interview, it is recommended that the psychologist identify 
the person to whom he/she is addressing, using the most appropriate methodology. 
The video-call system for psychological interviews, by their nature of individual 
interviews without the use of instruments and always in consideration of the health 
emergency, only requires good connectivity that allows the psychologist to ade-
quately grasp the non-verbal language as well during his/her speech.

5  Telemedical Frameworks for Seafarers’ Health

This section presents the two major telemedical frameworks that are helpful to 
mitigate the problems of on-board seafarers due to COVID-19. For example, 
cloud- based technologies have been intended to help patients from home by pro-
actively overseeing mental worries like melancholy, tension, and different condi-
tions with the work of prescient investigation controlled by artificial intelligence 
(AI) models.

5.1  Cloud-Based Technology

The fundamental commitment of this work is to introduce a theoretical system for 
the observing of psychological circumstances of COVID-19-contaminated patients. 
This system has been introduced in Fig. 2 to help the clinical consideration, mental 
issue appraisal, instructing of healthcare staff, and online self-evaluation of people 
just as depressed patients as seafarers. It can likewise assist with controlling mental 
issues using individual interchanges with different patients through basic chat 
sessions.
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The presented model has been planned with the incorporation of both AI and 
cloud knowledge. The data set of occurrence of the executive’s framework gathers 
the nearby information of mental and actual conditions of quarantined (or isolated) 
seafarers with COVID-19. The seafarer can be enrolled into the given application 
and record the health parameters (i.e. heartbeat, body temperature, body mass index 
(BMI), pulse) to screen normal health situations.

When a seafarer gets sick or feels that he/she has got an abrupt climb in inter-
nal temperature, or faces breathing issues, this application cautions the patient 
and makes a prompt arrangement to reach the emergency department. This inci-
dent is recorded in the management systems and records the number of on-board 
infections and offers the day-by-day successful implementation of COVID mea-
sures in the shipping environments. Distributing or sharing of recovered patient’s 
experiences empowers infected persons to feel much improved and more certain 
to battle against COVID-19. Along these lines, the proposed system can open 
new ways to utilize public health technologies to save lives during this new pan-
demic by giving a far- reaching method of track and dealing with a person’s 
COVID-19 reactions.

5.2  ICT Framework

Telemedicine has as of now been proved as an effective solution during SARS-CoV 
(severe acute respiratory syndrome coronavirus), MERS-CoV (Middle East respira-
tory syndrome coronavirus), Ebola, and Zika [21]. Another proposed system to 
mitigate the virus risk on-board is based on information and communications tech-
nology (ICT). The major aim of proposing this framework is to introduce a concep-
tual model for seafarers observing both COVID-19-suspected and -infected patients. 
This incorporated framework might ensure controlled supervision not just of posi-
tive patients but also of asymptomatic and constantly sick patients during novel 
coronavirus.

The proposed model is outlined with SIoT (Social web of things) and AI meth-
ods (i.e. deep learning, text mining, genetic algorithms) The SIoT is utilized to 
gather the suggestive data of COVID-19-contaminated patients (Fig. 3). The utiliza-
tion of computerized gadgets, biosensors, and thermometers can assist with giving 
everyday data, for example pulse, body temperature, circulatory strain, and galvanic 
skin reaction. After having the required data, the model system with AI knowledge 
will be utilized to case extensive arrangement model to check the patient situation 
in three possible ways mentioned below:

• Assuming that the patient is asymptomatic, telemedicine checking will proceed 
till the finishing of the incubation period.

• If the patient is possessing mild to moderate symptoms, continuous support will 
be expected till the patient is recovered.

G. Battineni et al.
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Fig. 3 ICT-based telemedical framework

• Assuming that the patient is in extreme conditions, immediate data can move to 
emergency clinical support to the extreme arrangement of concentrated medi-
cal care.

6  Conclusions

Telemedicine and telemonitoring technologies can treat patients with emergency 
conditions despite a physical appearance at the healthcare centre. These types of 
systems are largely helpful for remote-area patients (i.e. seafarers). With videocon-
ferencing, telemedicine frameworks empower direct correspondence with patients 
by computers or mobile phones. The whole framework has to be overseen by 
uniquely planned programming to ensure stable associations, data stream, and 
information security. These frameworks are a combination of medical objects, 
which will autonomously record the patient biomedical data and review the serious-
ness of medical problems. Several efforts are needed by all global nations to guar-
antee that pandemics like the COVID-19 can be effectively managed. According to 
this viewpoint, assuming that telemedicine is completely incorporated into a public 
health framework, it could demonstrate a legitimate instrument all alone to ensure 
continuous care and reduce virus severity, particularly among well-being experts.
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