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Foreword from the editor-in-chief
János Kappelmayer, MD, PhD

 

The present issue of the eJIFCC is composed of 
articles focused on topics discussed at the  con-
ference entitled “Laboratory medicine: meet-
ing the needs of the Mediterranean nations” 
The conference was held this year in Rome be-
tween July 2-4, with professor Sergio Bernardini 
as the Conference President.

The current issue is part one of a two-part series, 
and contains articles covering three sections of 
the conference, namely:
•	 Transmissible diseases in the Mediterranean 

area; 
•	 Training and education in laboratory medicine;
•	 Improving health with emerging technologies.

János Kappelmayer
Editor

https://creativecommons.org/licenses/by-nc/4.0/
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of Mediterranean nations
Guest Editors: Sergio Bernardini1, Bernard Gouget2,3,4,5,6
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A R T I C L E  I N F O E D I T O R I A L

The Mediterranean Sea connects countries with dif-
ferent traditions, lifestyles and religions, but all have 
been shaped by this extraordinary geographical basin, 
which produced the oldest civilizations. Today, un-
fortunately, the Mediterranean countries also share 
wars, terrorism, poverty and large-scale migration. 
This conference highlights the value of laboratory 
medicine for a greater effectiveness and safety with 
the potential to impact numerous health system out-
comes at national and regional level and to improve 
security in the Middle East region with on-site oppor-
tunities for diagnosis and care to help victims of war 
and sociopolitical instability as well as care of refugees. 
It will open a new dialogue for scientific solutions to 
improve healthcare delivery under these extraordi-
nary circumstances as well as to demonstrate the ca-
pacity of laboratory medicine network of excellence 
to combine different expertise in a single joint action 
to become of added value. At the healthcare level, 
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South European Mediterranean countries are 
faced with a double burden. They must maintain 
common policies to fight against traditional dis-
eases, which rely mainly on vaccination policy, 
while having to face new characteristic diseases 
from developed countries (cancer, cardiovascu-
lar diseases, HIV, hepatitis, obesity, etc.). In ad-
dition to the epidemiological transition, other 
transitions are adding up (demographic, orga-
nizational and democratic). Financial resources 
remain limited and the post-Arab spring context 
gave rise to an increasing demand of popula-
tions for better access to health care for all and 
at the lowest cost. Such is the complex health 
context facing South European Mediterranean 
countries. On the other hand, in the Middle East 
and North Africa region, non-communicable 
diseases such as cardiovascular disease (up by 
44%), stroke (up 35%), metabolic diseases and 
diabetes (up 87%), obesity, maternal mortality 
are causing more premature death and disabili-
ty than they did in the past. Potentially prevent-
able risk factors such as poor diets, high blood 
pressure, high body mass index (an indicator of 
obesity and overweight), and smoking are con-
tributing to the growing burden of non-commu-
nicable diseases in the region. Tuberculosis is 
still endemic and some transmissible diseases 
(HIV) may reoccur. In the last few months, the 
world has been vividly reminded by the Ebola 
epidemic and by the resurgence of polio and 
of MERS Coronavirus that health problems do 
not stop at borders. In the alarming context 
of risk of Zika virus (ZIKV) transmission in the 

Euro-Mediterranean area, there is a need to ex-
amine whether capacities to detect, diagnose 
and notify ZIKV infections in the region are in 
place and whether ongoing capacity-building 
initiatives are filling existing gaps. Moreover col-
laborating with Mediterranean countries is im-
portant, through the networks of pharmacovig-
ilance, to be aware of antimicrobial resistance 
by extending the surveillance and laboratory 
experience, while reviewing and strengthen-
ing shared vaccination strategies. Countries 
in Europe and the Mediterranean face several 
common health challenges, including, to dif-
ferent extents, the double burden of diet- and 
physical inactivity related chronic diseases and 
of nutritional deficiency disorders. Migration 
and health is another common challenge where 
EU and non-EU countries in the Mediterranean 
are faced with large unexpected flows of mi-
grants, refugees and asylum seekers many of 
whom have particular health needs. This consti-
tutes a third and serious burden that we cannot 
underestimate and that should be addressed 
jointly by mobilizing needed resources within a 
shared framework. Deteriorating health and un-
necessary deaths and suffering also due to the 
current turmoil in several areas in the region 
are indeed our main common challenges and 
we need to devise shared strategies to combat 
them and overcome the risk they impose on 
our societies. Finally, there is a need for more 
stringent relationships between Mediterranean 
countries to realize advancements in education 
and curriculum of laboratory professionals.
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Communicable diseases 
in the Mediterranean region
Ghassan Shannan
Medical Care Centre, Damascus, Syria

A R T I C L E  I N F O A B S T R A C T

Communicable diseases still pose a health hazard 
and are a major cause of death in many parts of the 
world. Tuberculosis is one of the top 10 causes of 
death worldwide with an annual burden of 1.7 mil-
lion. Global deaths in 2016 for other communicable 
diseases included 1.34 million from hepatitis; 1.0 mil-
lion from HIV-related causes; and almost half a mil-
lion from malaria. Outbreaks of vaccine-preventable 
diseases like polio, measles, rubella and other life-
threatening diseases also pose a significant threat to 
various communities around the world. In this paper, 
we shed some light on the epidemiology of commu-
nicable diseases in the Mediterranean Region and 
conclude that socioeconomic differences between 
the north and the south Mediterranean lead to differ-
ences in the epidemiology of communicable diseases.
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INTRODUCTION

Socioeconomic, environmental and behavioural 
factors, as well as international travel and mi-
gration, foster and increase the spread of com-
municable diseases.

Vaccine-preventable, foodborne, zoonotic, 
health care-related and communicable diseases 
pose significant threats to human health and 
may sometimes threaten international health 
security.

In cooperation with governments, WHO/Europe 
develops norms and standards, guidance and 

public health tools to help countries implement 
effective disease prevention and control pro-
grammes and address their risk factors.

Globally, an estimated 3 out of 10 deaths are 
attributed to communicable diseases. Among 
these, the World Health Organization (WHO) 
global burden of disease baseline projections in 
2008 revealed that the African Region contrib-
utes the highest number of deaths with 41%, fol-
lowed by the Eastern Mediterranean and South-
East Asia Regions, each contributing 15% of the 
deaths due to infectious and parasitic diseases.

HIV/AIDS * Hepatitis

Influenza * Measles

Rotavirus * Rubella

Tuberculosis * Poliomyelitis

Malaria * Diphtheria

Brucellosis * Japanese Encephalitis

Typhoid * Mumps

Cholera * Neonatal Tetanus

Sexually Transmitted Infections * Tetanus

Vector-Born & Parasitic Diseases * Yellow Fever

- * Congenital Rubella Syndrome

Table 1 Communicable diseases 
[* Vaccine-preventable communicable diseases]

WHO defines communicable disease as infec-
tious diseases which are caused by pathogenic 
microorganisms, such as bacteria, viruses, para-
sites or fungi, that can be spread, directly or in-
directly, from one person to another.

Under this definition, one can include a long list 
of diseases. However, in this publication we will 
focus on the most important communicable dis-
eases, which have significant impact on public 
health (Table 1).
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The review includes the countries listed in Table 
2 in the Mediterranean Region.

RESULTS

Table 3 presents the population of each Medi
terranean country, the expenditure on health 
per capita and the expenditure on health as 
percentage of gross domestic product (GDP). 
The table shows clearly the big difference in 
spending on health between the Northern and 
Southern Mediterranean countries. 

HIV/AIDS

The incidence rate in northern Mediterranean 
countries is higher than in southern Mediter
ranean countries (Table 4). 

Of the people living with HIV (PLWHIV), a vari-
able percentage are receiving anti-retroviral 
therapy (ART) around the Mediterranean. The 
lowest percentage is in Egypt, with 27%; and the 
highest in Spain, with 77%. There is no correla-
tion between the expenditure on health and the 
number of PLWHIV (Table 4).

Southern European Coast 
from West to East

Levantine Coast
from North to South

Gibraltar Syria

Spain Cyprus

France Lebanon

Monaco Israel

Italy Palestine, Gaza Strip

Malta Northern African Coast
from East to WestSlovenia

Croatia Egypt

Bosnia & Herzegovina Libya

Montenegro Tunisia

Albania Algeria

Greece Morocco

Turkey -

Table 2 List of  the Mediterranean region countries  
included in the review 
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Table 3 Demographic and health care spending data  
for countries in the Mediterranean region

Country Population
Expenditure on health 

per capita Intl. $

Expenditure on 
health as %  

of GDP

Albania 2,897,000 615 5.90

Algeria 39,666,000 932 7.20

Bosnia & Herz. 3,810,000 957 9.60

Croatia 4,240,000 1,652 7.80

Cyprus 1,165,000 2,062 7.40

Egypt 91,508,000 594 5.60

France 64,365,000 4,508 11.50

Gibraltar N/A N/A N/A

Greece 10,955,000 2,098 8.10

Israel 8,064,000 2,599 7.80

Italy 59,798 3,239 9.20

Lebanon 5,851,000 987 6.40

Libya 6,278,000 806 5.00

Malta 419,000 3,072 9.80

Monaco 38,000 7,302 4.30

Montenegro 26,000 888 6.40

Morocco 34,378,000 447 5.90

Palestine N/A N/A N/A

Slovenia 2,068,000 2,698 9.20

Spain 46,122,000 2,966 9.00
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Hepatitis

The incidence of hepatitis A (HAV) in south Medi
terranean countries is much higher than in north 
Mediterranean countries, especially among 
school children. This is also the case for the hepa-
titis B virus (HBV) and the hepatitis C virus (HCV), 
with highest incidence rate of HCV (10.70%) be-
ing in Egypt (Table 4).

Tuberculosis

The incidence rate of tuberculosis (TB) is much 
higher in the southern Mediterranean despite 
the increase of TB cases in European countries 
among PLWHIV. The same finding applies to 
multi-drug resistant (MDR) TB, where the inci-
dence is higher in the southern Mediterranean 
(Table 4).

Schistosomiasis in Egypt

Schistosomiasis is a parasitic disease caused 
by blood flukes (Trematodes) of the genus 
Schistosoma (S.). It is well documented that 
schistosomiasis haematobium was endemic in 
Ancient Egypt. Infection was diagnosed in mum-
mies 3000, 4000 and 5000 years old. 

Schistosomiasis haematobium was highly prev-
alent (60%) both in the Nile Delta and Nile Valley 
South of Cairo. However, by the end of 2010, in 
the whole country only 29 villages had a preva-
lence of >3% and none had more than 10%.

A recent study in 2016 by a group of scientists 
from Tanta University report that the prevalence 
of S. mansoni infection was found to be 1.8% 
among schoolchildren of the studied areas. 

Syria 18,502,000 376 3.20

Tunisia 11,254,000 785 7.00

Turkey 78,666,000 1,036 5.40

Country
HIV  

Incidence 
/105

PLWHIV
Receiving  

ART 
%

HBV HCV
TB 

Incidence 
/105 

MDR TB 
 Incidence 

/105

Albania 0.15 1,700 30% - - 16 0.42

Algeria 0.04 13,000 76% 2.30% 8.90% 70 1.10

Bosnia & Herz. N/A N/A N/A - - 32 N/A

Croatia 0.04 1,500 70% 2.70/105 - 12 N/A

Cyprus N/A N/A N/A 0.20 0.2/105 5.6 N/A

Egypt 0.03 11,000 27% 1.40% 10.70% 14 2.20

France 0.21 180,000 78% - - 7.7 0.13

Table 4 Incidence rates of  communicable diseases   
in Mediterranean countries 



eJIFCC2018Vol29No3pp164-170
Page 169

Ghassan Shannan
Communicable diseases in the Mediterranean region

Gibraltar N/A N/A N/A 0.20/105 -  N/A N/A

Greece N/A N/A N/A - - 4.4 0.10

Israel N/A N/A N/A 0.20/105 - 3.5 0.30

Italy 0.12 130,000 58% 0.60/105 0.3/105 6.1 0.24

Lebanon 0.04 1,200 51% - - 12 0.48

Libya N/A 4,400 73% 3.20% 1.20% 40 1.90

Malta N/A N/A N/A 4.20/105 0.7/105 13 N/A

Monaco N/A N/A N/A - - 0 N/A

Montenegro 0.23 <500 60% - - 16 N/A

Morocco 0.05 22,000 48% 1.80% 1.60% 103 1.80

Palestine N/A N/A N/A - -  N/A N/A

Slovenia N/A N/A N/A - - 6.5 N/A

Spain 0.18 140000 77% 1.10/105 - 10 0.50

Syria <0.01 175 70% 3.10% 0.40% 21 2.00

Tunisia 0.05 2900 29% 0.80% 1.90% 38 0.40

Turkey N/A N/A N/A 4.00% 1.00% 18 0.70

Leishmaniosis in Syria

Due to the unrest in Syria over the past seven 
years, the incidence of leishmaniosis cases has 
significantly increased: from 35,876 cases in 
2014; to 50,972 cases in 2015; and to 48,311 
cases in 2016. Scientists attribute the increase 
to poor sanitation and the accumulation of rub-
bish and garbage around towns and villages, as 
many municipals authorities are not able to 
clear the garbage regularly.

Polio in Syria

Outbreaks of polio cases have been reported 
by WHO country offices in several parts of Syria 
(Table 5). These outbreaks are attributed to poor 

sanitation and the inability of International or-
ganisations to implement the immunization pro-
gramme in the hard-to-reach areas.

DISCUSSION

The epidemiology of communicable diseases is 
affected by the socioeconomic status of the pop-
ulations of the north and south Mediterranean. 
HIV/AIDS prevalence is higher in the northern 
than the southern Mediterranean countries; 
largely attributed to the conservative societies 
and the sexual behaviour of the populations, as 
multi-partners sexual relationships and sex out-
side marriage are not widespread in southern 
Mediterranean countries. 
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The prevalence of hepatitis, brucellosis, typhoid, 
schistosomiasis and vaccine-preventable com-
municable diseases is much higher in the south-
ern Mediterranean countries; mainly due to poor 
hygiene and inefficiency of the health systems 
to provide viable health services in all areas, es-
pecially in remote and hard-to-reach areas. The 
outbreak of Hepatitis A among schoolchildren 
is an example of the inefficiency of the health 
system to provide proper hygiene in schools and 
public places.

More effort and funds are needed to combat 
many killer diseases in southern parts of the 
Mediterranean to eradicate hepatitis, tubercu-
losis, typhoid, brucellosis and other communi-
cable diseases. 

REFERENCES

1. Annual Epidemiological Report 2015, Hepatitis C, Euro-
pean Centre for Disease Prevention and Control.

2. Annual Epidemiological Report 2015, HIV and AIDS, Eu-
ropean Centre for Disease Prevention and Control.

3. Asmaa Gomaa, et al, Hepatitis C infection in Egypt: 
prevalence, impact and management strategies, Hepatic 
Medicine: Evidence and Research 2017:9, PP. 17-25.

4. Communicable Disease Threats, European Centre for 
Disease Prevention and Control.

5. Elgharably et al, Hepatitis C in Egypt – past, present, 
and future, International Journal of General Medicine 
2017:10, pp.1-6.

6. Epidemiological update: hepatitis A outbreak in the 
EU/EEA mostly affecting men who have sex with men, Eu-
ropean Centre for Disease Prevention and Control.

7. EWARS, weekly bulletin of WHO Country Office, Syria

8. Global Tuberculosis Report 2017, World Health 
Organisation.

9. Haq Z., Communicable Diseases in the Eastern Medi-
terranean Region: Prevention and Control, 2010 – 2011, 
Eastern Mediterranean Health Journal, Vol. 19, No. 10, 
pp. 881 – 891.

10. Measles and Rubella Surveillance 2017, European 
Centre for Disease Prevention and Control.

11. Ministry of Health of Syria, CDC annual reports. 

12. Mohamed A. Daw, et al, Hepatitis C Virus in North 
Africa: An Emerging Threat, The Scientific World Jour-
nal, Volume 2016 (2016), Article ID 7370524, 11 pages, 
http://dx.doi.org/10.1155/2016/7370524. 

13. Rash Raslan et al, Re-Emerging Vaccine-Preventable 
Diseases in War-Affected Peoples of the Eastern Medi-
terranean Region—An Update, Front Public Health. 
2017; 5: 2.

14. Rashida M.R. Barakat, Epidemiology of Schistosomia-
sis in Egypt: Travel Through Time, Journal of Advance Re-
search, (2013) 4, 425 - 432 

15. Syria’s health crisis: 5 years on, the Lancet, Vol. 387, 
March 12, 2016, PP. 1042-1043.

16. Tozun N. et al, Seroprevalance of hepatitis B and C in-
fections in Turkey, Turk J Gastroenterol 2017; 28: 147-8, 
pp.147-148

17. WHO international: http://www.who.int/, WHO East-
ern Mediterranean: http://www.emro.who.int/index.
php, WHO Europe: http://www.euro.who.int/en/home

Table 5 Syria Polio (cVDPV2) 
outbreak*

Governorate District 
Number 

of cVDPV2 
cases to date 

Deir Ez-Zor Mayadeen 58

Deir Ez-Zor 01

Boukamal 12

Raqqa Tell Abyad 01

Thawra 01

Homs Tadmour 01

Total 74

* Situation Report #34, February 2018
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Are medical laboratories ready 
for the diagnosis of parasitic diseases?
Ahmet Özbilgin
Department of Parasitology, Faculty of Medicine, University of Manisa Celal Bayar, Manisa, Turkey

A R T I C L E  I N F O A B S T R A C T

Economic instability, destabilisation with armed con-
flagration, religious and ethnic conflicts are the most 
important driving factors for migrations towards 
Europe. Mediterranean countries are important route 
for refugees who emigrate from the Middle East, 
Africa and Asia.

Viral, bacterial, parasitic and fungal diseases carried 
by these refugees constitute a significant health risk 
in Mediterranean countries.

Parasitic diseases, such as intestinal parasites, pedi-
culosis, scabies, lymphatic filariasis, schistosomia-
sis, malaria and leishmaniasis, which may reach the 
Mediterranean region trough migrations, were briefly 
reviewed and the precautions to be taken were 
mentioned.

It is of utmost importance that laboratories in the 
Mediterranean countries pay particular attention to 
parasitic infections, especially by using experienced 
staff and appropriate diagnostic methods in comba-
ting such infections.

The diagnosis and screening of all these infections 
among the refugees can be done by some basic para-
sitological laboratory methods such as direct methods 
for stool samples (direct wet smear, concentration 
methods, permanent stains, special stains), methods 
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for blood samples (thick and thin blood films, blo-
od concentration procedures), direct methods 
for urogenital specimens, serological methods, 
molecular methods and rapid diagnosis kits. 
These methods can be easily learned by labora-
tory employees.

We suggest that migratory related infections 
study group should be established in Mediter
ranean countries, which should inform each 
other by sharing their findings and observations 
with officials in congresses and symposiums, 
and should cooperate on this issue and prepa-
re training and workshop programs and health 
education programs in these countries should 
be updated about the health and risk factors of 
refugees.



1. INTESTINAL PARASITES

Parasitic diseases that do not require any inter-
mediate hosts or vectors and are directly trans-
mitted to humans such as Enterobiosis, hyme-
nolepiosis, giardiosis, amoebic dysentery can 
be found in almost every area and every society 
in the world. 

In order for these diseases to become wide-
spread, people must be in a collective pres-
ence or in close contact. These diseases spread 
easily and even constitute epidemics in places 
like schools, factories, prisons, refugee camps, 
temporary tent camps that people live together 
during a war and nursing homes. 

Amoebiosis, one of the most important intesti-
nal parasitic diseases in the world, is seen in 10% 
of the world population and 40 million people 
die each year from this disease. Giardiosis has 
been reported in 200 million people worldwide. 
Other than these parasites, Strongyloides spe-
cies are one of the most important intestinal 
parasites that should be considered in the refu-
gee populations. Ascaris lumbricoides, Trichuris 

trichura, hookworms and Taenia species need to 
be kept in mind as well (1).

2. PEDICULOSIS

Every year over 100 million cases of pediculosis 
are reported in the world. In the United States, 
head lice are found in 6-12 million children aged 
between 3 to 12 years each year. In studies con-
ducted on at least 1000 students in various coun-
tries of the world, it has been found that; 49% 
of the students in France, 20% in Israel, 25% in 
England and 37% in Nigeria have been subjected 
to head lice (2,3).

Pediculosis spread easily and even constitute 
epidemics in places such as schools, factories, 
prisons, refugee camps, temporary tent camps 
during the war and nursing homes (4,5).

3. SCABIES

Scabies is a common disease of the world and 
can be seen in every age, race, region, climate 
and social fraction. In particular, it is notewor-
thy that the frequency of the disease increases 
in autumn and winter seasons when people 
have to live together and decreases in summer 
seasons. Sporadic or epidemic occurrences may 
be seen while every individual shows a different 
resistance to scabies.

Scabies is responsible for confined epidemics 
nowadays but still it is one of the important dis-
eases that may create epidemics for the coun-
tries that receive large amounts of refugees in 
the recent years. It is known that the number 
of people infected with scabies tends to rise 
where people have to live together (6,7).

4. VECTOR BORNE DISEASES

There are four important tropical diseases as-
sociated with refugees which can cause epi-
demics in Mediterranean countries.
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4.1.  Lymphatic filariasis

In Mediterranean countries, mosquito species 
which are vectors of lymphatic filariasis are com-
monly found in many countries. New foci of lym-
phatic filariasis may be formed in Mediterranean 
countries through people migrating from en-
demic areas or people staying in these areas 
during their migration process (8,17).

4.2.  Schistosomiasis

Among migrants, especially those who com-
plain of hematuria should be carefully examined 
in terms of schistosoma. It should be noted that 
intermediate host snails can be found in some 
Mediterranean countries. Special efforts should 
be made in order to prevent the spread of the 
currently controlled disease. Schistosomiasis is 
seen in northern parts of Syria, near the border 
to Turkey (9,10,17).

4.3.  Malaria

Vector mosquito species are common in all 
Mediterranean countries. Considering that 
some countries have autochtonous cases, spe-
cial attention should be given to combat ma-
laria in these countries and immigrants should 
be screened in terms of Plasmodium species via 
laboratory tests (11).

4.4.  Leishmaniasis

Visceral and cutaneous leishmaniasis are pres-
ent in some of the Mediterranean countries 
while vector Phebotomus species have a wide 
distribution in the region. Syria, which has the 
biggest number of refugees nowadays is one 
of the top countries in the world for cutaneous 
leishmaniasis prevalance. For this reason, labo-
ratory tests must be done carefully to screen for 
the visceral and cutaneous leishmaniasis among 
immigrants. In addition, resistance to meglu-
mine antimonate (Glucantime) which is used in 
the treatment of cutaneous leishmaniasis in the 
Middle East, has been reported. If resistant cases 

can not be detected in time and the number of 
cases as well as areas increase, the fight against 
this disease will be very difficult and problematic 
(12-17). 

CONCLUSION

It is important that the laboratories in the 
Mediterranean countries specifically address 
this issue, especially in the case of parasitic infec-
tions by utilising experienced personnel and ap-
propriate diagnostic methods to combat these 
infections. Gastrointestinal parasitic infections, 
Scabies and Pediculosis which can be transmit-
ted directly between humans in places where 
people are living with the refugees and where 
there is a lack of hygiene, can cause epidemics in 
these countries. Unless necessary measures are 
taken, Malaria, Leishmaniasis, Lymphatic fila-
riasis and Schistosomiasis, which are among the 
most important tropical diseases in the world 
and are encountered in the geographical paths 
where refugees live and migrate, can create 
new foci and epidemics in the Mediterranean 
countries.
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A R T I C L E  I N F O A B S T R A C T

Emerging infectious diseases (EID) threaten public 
health and are sustained by increasing global com-
merce, travel and disruption of ecological systems. 
Travelers could play a role in importing EIDs and could 
be a sentinel of major epidemics. In connection with 
the extension of poverty, urbanization, extensive live-
stock rearing and globalization, we could be exposed 
to a third epidemiological transition characterized 
by zoonotic diseases and infections with multidrug-
resistant bacteria. The risk appears low for emerging 
infectious diseases, or very low for high-risk emerging 
infectious diseases, but higher for multidrug-resistant 
enterobacteriaceae carriage with possibly limited 
consequences. The role played by migrants is weaker 
than imagined. Immigrants don’t play the role of sen-
tinel epidemic so far. They could play a role in import-
ing multidrug-resistant enterobacteriaceae, but it is 
poorly evaluated.
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Emerging infectious diseases (EIDs) have led to 
cooperation between countries, the first inter-
national epidemic response conference in 1851 
and the establishment of WHO in 1948. 

EIDs are diseases that have appeared recently or 
that have recently increased in frequency, geo-
graphical distribution or both (1). Since the end 
of the 20th century, there has been a constant 
stream of newly identified pathogens and an in-
creasing occurrence of pandemic threats to glob-
al health (2).

These infections are due to new agents (HIV-1, 
Severe Acute Respiratory Syndrome CoronaVirus 
-SARS-CoV- (2003), avian influenza virus H5N1 
(2005), H1N1 (2009)), geographical area in ex-
tension (West Nile, Dengue, Chikungunya, and 
Zika viruses), increased incidence of infectious 
disease (HIV, tuberculosis, plague), modification 
of virulence (Neisseria meningitidis) or acquisi-
tion of resistance (Extended-spectrum beta-
lactamases -ESBL- or carbapenemase produc-
ing enterobacteriaceae and multidrug-resistant 
-MDR- tuberculosis).

We can also compare the re-emerging infections 
(polio virus (2014), Ebola virus (2014), etc.) (3, 4).

EIDs threaten public health and are sustained 
by increasing global commerce, travel and dis-
ruption of ecological systems and in particular 
urbanization. Urbanization is characterized by 
rapid intensification of agriculture, socioeco-
nomic change, and ecological fragmentation, 
which can have profound impacts on the epi-
demiology of infectious disease (5). However, 
their interactions with travel and migrations are 
less well known. 

Travelers could play a role in importing EIDs and 
could be a sentinel of major epidemics.

In France, there are more than 20 million travel-
ers every year, 4.5 million of which are destined 
for areas at high risk for health. There are sev-
eral modes of travel: tourist, business or visiting 

friends and relatives. Trips can be very short or 
extended in time.

Infectious diseases are rare health events, with 
the exception of common infectious diseases 
such as traveler’s diarrhea and are a single cause 
of death, far behind accidents and cardiovascu-
lar disease (6).

The risk of emerging infections such as dengue 
in a risk zone was estimated at 1% for one month 
of travel (7).

We have seen (re-)emergence of diseases im-
ported by travellers in Europe, such as chikungu-
nya and dengue in France and Itay, and malaria 
in Greece (8-10). Apart from these examples, 
these are rare situations. However, with global 
travel growth, the risk could become more tan-
gible (11).

A particular concern is that of Multidrug Resistant 
Enterobacteriaceae (MRE) carriage. MRE acqui-
sition is very frequent among travellers to trop-
ical regions (12). The acquisition was higher in 
Asia (72%) than in sub-Saharan Africa (48%) or 
Latin America (31%). However, the same study 
showed that MRE carriage was limited in time 
and disappeared after a few months.

Migration is a global phenomenon that influenc-
es the health of individuals and populations over 
the course of their lives (13). Migrants are spe-
cial travellers who, in most case, do not migrate 
by choice. Migrants are considered at higher risk 
for a range of health problems including infec-
tious diseases as HIV, hepatitis B, tuberculosis, 
schistosomiasis and malaria (14, 15). This higher 
risk is partly due to poor socioeconomic condi-
tions and, in some countries, is due to the lack 
of rights to health coverage for undocumented 
migrants (16-19).

Existing evidence from different European coun-
tries highlights the difficulties to access health 
services that migrants are facing (20-23). These 
infectious diseases unequally expose the majority 
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population, from none at all (e.g., malaria) to a 
little (e.g., tuberculosis).

One can take the examples of epidemics of 
Middle East Respiratory Syndrome Coronavirus 
-MersCov- and Ebola, for which no secondary 
case has been reported in France.

Among the published studies on migrants and in-
fectious diseases, the majority were non-emer-
gent diseases with the exception of MDR tuber-
culosis and multidrug-resistant bacteria (24, 25).

In connection with the increased use of antibiot-
ics in low-resource countries, there is a worrying 
increase in the prevalence of multidrug-resis-
tant bacteria (26, 27). This increase could lead 
to an increased risk for migrants and their rela-
tives, but there are few data on this point (28). 
The risk seems particularly increased when they 
return home to visit friends and relatives (29). 
While antimicrobial resistance is of concern, the 
prospects for pandemic spread of a bacterial or 
fungal emerging pathogen by migrants seem 
less likely (30).

Endemic disease, as tuberculosis, impose a far 
higher public health burden than epidemic dis-
ease (31). Denmark experienced an increase 
in the incidence of tuberculosis in the 1990s in 
relation to the increase in the number of cases 
among migrants (32). The rate of tuberculosis 
in France is 10 times higher among immigrants 
than in the majority population. Refugees and 
asylum seekers may have a heightened risk of 
MDR-TB infection and worse outcomes but the 
data remains poor (33).

Thus, there is little evidence to support the the-
ories by which migrants would expose the host 
population to significant infectious risk. However, 
human diseases acquire a social status based on 
their perceived risk that determines their accept-
ability (31).

In a study that we conducted with a number of 
347 doctors in France (infectious diseases and 

general practitioners), they were asked if first-
time migrant people represent a vector of infec-
tious diseases different from the majority popu-
lation: 8% answered no, 13% yes but weakly, 
44% yes but moderately, 27% yes significantly 
and 9% did not know.

Thereby, apart from infections such as tubercu-
losis and multidrug-resistant bacteria, the intro-
duction of EIDs into human populations seems 
to be more often a consequence of economic 
development that brings zoonotic reservoirs in 
closer proximity to people.

Indeed, most pandemic threats are caused by 
viruses from either zoonotic sources or vector-
borne sources (30). There is a need for rapid 
diagnosis of EIDs. Systems biology approaches 
can lead to a greater understanding of EIDs 
pathogenesis and facilitate the evaluation of 
newly developed vaccine-induced immunity in 
a timely manner (30, 34).

Close collaboration is therefore needed be-
tween specialists in tropical medicine, in pub-
lic health, immunologists and biologists to an-
ticipate the risk of EIDs in order to achieve the 
Sustainable Development Goals established by 
the United Nations in 2015 (35).

The WHO established a Department of Pandemic 
and Epidemic Diseases in 2011 to better prepare 
for and respond to EIDs.

In conclusion, in connection with the extension 
of poverty, urbanization, extensive livestock rear-
ing and globalization, we could be exposed to a 
third epidemiological transition characterized by 
zoonotic diseases and infections with multidrug-
resistant bacteria (36).

The risk appears low for EIDs, or very low for 
high-risk EIDs, but higher for MRE carriage with 
possibly limited consequences. The role played 
by migrants is weaker than imagined (except for 
tuberculosis). Immigrants don’t play the role of 
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sentinel epidemic so far. They could play a role 
in importing MRE, but it is poorly evaluated.
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Is the profession of laboratory medicine uniform 
across the North Mediterranean countries?
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A R T I C L E  I N F O A B S T R A C T

Harmonization of the postgraduate training of both Cli
nical Scientists and Physicians, in Laboratory Medicine 
(LM) has been a goal for many years, for the European 
Federation of Clinical Chemistry and Laboratory Med
icine (EFLM) and the Union Européenne de Médecins 
Spécialistes (UEMS), Section of Laboratory Medicine/
Medical Biopathology. This was based on the con-
cept of free movement of people within the European 
Union.

Much has been achieved within the respective Euro
pean organizations in the development of curricula 
that will harmonize the postgraduate training at least 
within the European Union (EU).

Advances in the area of diagnostics and the need 
for particular expertise in distinct areas have led to 
the emergence of laboratory scientists and physi-
cians specialized in hematology (including transfu-
sion medicine), clinical biochemistry, immunology, 
and microbiology.

However, the training and specialization is varying 
and practice is of laboratory medicine is polyvalent 
in some countries and single specialties in others 
countries. 

Moreover, these advances have led to the involvement 
of non-medical scientists in the clinical laboratories. 
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However, the training and the roles of Medical 
Doctors and Clinical Scientists in a Clinical labo-
ratory, differ from country to country. These dif-
ferences still remain today throughout Europe 
and even within the EU.



INTRODUCTION

The profession of clinical chemistry and labo-
ratory medicine is practiced in all of the North 
Mediterranean countries. However, it differs 
among countries in many respects, such as back-
ground training, fields of interest, legal status 
and professional organization. 

In Europe, there are two organizations that 
represent national professional organizations 
in the field of Laboratory Medicine and Clinical 
Chemistry: European Federation of Clinical 
Chemistry and Laboratory Medicine (EFLM) 
and the Union Européenne de Médecins 
Spécialistes (UEMS), Section of Laboratory 
Medicine/Medical Biopathology. 

Both have as objective to promote mutual rec-
ognition of laboratory specialists within the 
European Union (EU). This is closely related to 
the free movement of people, a major goal of 
European integration. However, in order this pol-
icy to be accomplished in the field of Laboratory 
Medicine needs equivalence of standards and 
harmonization of the training curriculum among 
member states, both the central tasks of the 
European professional organizations.

Harmonization of the profession has been an im-
portant objective, and has a long history. In 1958 
– one year after the treaty of Rome was signed – 
representatives of the professional organizations 
of medical specialists of the six-member states 
of the very new European Economic Community 
(EEC), met in Brussels and created the European 
Union of Medical Specialists [Union Européenne 
des Médecins Spécialistes (UEMS)]. The main 

objectives of the UEMS are: to promote the 
highest level of training of the medical special-
ists, medical practice and health care within the 
EU and to promote free movement of special-
ist doctors within the EU. The UEMS represents 
the medical specialist profession in the member 
states of the EU, to EU authorities and any other 
authority dealing with questions concerning the 
medical profession. Laboratory Medicine as a 
medical specialty is represented in UEMS. 

In 1988 the Federation of European Societies for 
Clinical Chemistry (FESCC) was founded, joining 
the different national societies for clinical chem-
istry and laboratory medicine. The harmoniza-
tion and recognition of laboratory specialists, 
particularly of scientific and pharmaceutical 
background, was the main objective from the 
start. The EC4 was subsequently founded, with 
the goal to harmonize the training through the 
production of a syllabus that will be common-
ly accepted by all members and establishing a 
European register for highly trained specialist, 
whatever their background.

Until the early 90’s when European Community 
started to issue directives to the state members 
to adopt a system on a uniform basis of gradu-
ation and of post‐graduation/specialization for 
all medical graduates, the training of medi-
cal doctors in LM was not only variable but in 
some countries was missing. To be specialized 
became, over a few years, a pre‐requisite for 
practicing the medical activity in a specific pro-
fessional field.

However, in most European Hospital Laboratories, 
are employed not only medical doctors but even 
pharmacy, biology and chemistry graduates (the 
so called scientists).

The result was that on the one side we had spe-
cialized MDs, on the other side non‐specialized, 
non‐MD graduates, creating the potential for seri-
ous issues. Each country developed its own solu-
tion. Several countries issued by law the training 
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of non-MD graduates in order to comply with 
the EU directives while other countries did not. 
In the latter, professional societies started initia-
tives of volunteer training programs based on 
EC4 syllabus. The result is a tremendous diversity 
not only concerning who is qualified to practice 
Laboratory Medicine, but also what is the defi-
nition of LM and what disciplines should be in-
cluded in the curriculum. This diversity still exists.

The European Federation of Clinical Chemistry 
and Laboratory Medicine developed a syllabus 
for the postgraduate education and training for 
all Specialists in LM in order to provide a frame-
work for training for all EU countries (now it is in 
latest version 5 – 2018).

A common syllabus has many useful applications. 
First, it describes in detail the education and 
training associated with high-quality, specialist 
practice but also can help in defining the com-
mon set of skills, knowledge and competence for 
non-medical Specialists in Laboratory Medicine 
under EU Directive 2013/55/ EU (The recognition 
of Professional Qualifications).

Second, it helps to give a definition to LM through 
the training. What disciplines should be included 
under the umbrella of LM? This is not a static def-
inition and should be evolved as clinical research 
and technology evolve. and finally, it will provide 
the specialists with professional qualifications 
able to work without restrictions throughout EU 
(complying with EU Directive 2013/55/EU in pro-
viding safeguards to professional mobility across 
European borders).

THE DEFINITION OF THE PROFESSION 
ACCORDING TO EFLM AND UEMS

IFCC defines clinical chemistry and laboratory 
medicine as “the application of chemical, mo-
lecular and cellular concepts and techniques to 
the understanding and the evaluation of human 
health and disease”. 

At the core of the discipline is the provision of 
“results of measurements and observations, to-
gether with interpretation and informed clinical 
advice relevant to the maintenance of health, 
the cause of disease, the diagnosis of disease, 
predicting and monitoring the response to ther-
apy, and follow-up investigations”. The discipline 
is committed to deepening the understanding of 
health and disease through fundamental and 
applied research. 

High technical skills and ability to interpret re-
sults and provide consultancy to clinicians are 
the top requirements for LM scientists

In the latest version of EFLM syllabus the follow-
ing disciplines are included in the training that 
could be common for medical and non-medical 
origin scientists: clinical chemistry, immunology, 
haematology and blood transfusion (including 
blood cells, haemostasis, cellular immunology 
and transfusion serology), microbiology (bac-
teriology, mycology, virology and parasitology), 
genetics, genomics and cytogenetics and finally 
in vitro fertilisation. Only anatomic pathology is 
outside this framework (Figure 1).

While EFLM provides with the present version 
a uniform framework for all scientists regardless 
of background, UEMS provides training only for 
medical doctors and recognizes different special-
izations for the section of Laboratory medicine. 

Under the umbrella of the more recent name of 
the section, Laboratory Medicine/Medical Bio
pathology, several subspecialty divisions have 
been acknowledged.

At present, the section consists of the follow-
ing divisions (see also Figure 2): the polyva-
lent General Laboratory Medicine/Polyvalent 
Medical Biopathology, and the monovalent speci-
alities of Laboratory Medicine-Clinical Chemistry, 
Clinical and Laboratory Haematology, Clinical 
and Laboratory Immunology, and Laboratory 
Genetics (Genetic Pathology/Medical Genomics). 
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Since 2008 a separate section of Medical Micro
biology was created within the UEMS with its 
own training program. In 1988 Anatomic Pa
thology was the first specialist section that split 
off from laboratory medicine section of UEMS, 
and was recognized as separate section with 
the main objective to harmonize the practice of 
pathology in Europe.

It is important to understand that it is not only 
that the two professional organization have dif-
ferences when they try to define the profession 
of laboratory medicine.

There are huge differences between EU (and of 
course non-EU) countries. State regulations also 
allow or not to non-medical scientists to prac-
tice the profession of laboratory medicine.

Many specialties are defined differently from 
country to country within the European Union. 

For example, in the Netherlands and Scandinavia, 
Clinical Chemistry includes biochemistry, immu-
nology, and hematology (most of the subspecial-
ties included in General Laboratory Medicine/
Polyvalent Medical Biopathology but excluding 
Laboratory Microbiology). In other countries 
(Ireland, UK) LM is named chemical pathol-
ogy (for the medicine derived scientists) and 
includes biochemistry and endocrinology or 
Clinical Biochemistry (for the non-medical clini-
cal scientists. 

The clinical component of practice varies among 
different specialties, with some having a strong 
clinical emphasis. For example, in the UK, chem-
ical pathologists and immunologists may have 
independent responsibility for patient care and 
Clinical Scientists at the consultant level are al-
lowed to provide clinical advice. This is not a 
common practice in other EU countries. 

Figure 1 Disciplines of  LM according to EFLM syllabus
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The name of the discipline also varies between 
countries and clearly reflects the differences 
that exist throughout Europe making particu-
larly challenging the task to harmonize special-
ist training within the EU and Europe in general.

WHAT IS THE SITUATION NOW  
IN NORTH MEDITERRANEAN COUNTRIES?

The countries that comprise the North Mediter
ranean region are (from west to east): 
•	 Spain
•	 France
•	 Italy

•	 Slovenia

•	 Croatia

•	 Bosnia and Herzegovina

•	 Serbia

•	 Kosovo

•	 Montenegro

•	 Albania

•	 FYROM

•	 Greece

•	 Turkey

•	 Cyprus 

Figure 2 Polyvalent and monovalent specialties and disciplines 
of  LM according to UEMS syllabus
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All of the above are European countries, with 
seven of them being EU member states. 

In the following paragraphs we try to describe 
the situation in all north Mediterranean coun-
tries. Source of our information was the re-
plies to a questionnaire we sent to all north 
Mediterranean countries (see Appendix A - 
Questionnaire on next page) and the published 
documents we found in the internet and scien-
tific journals. 

Most of the countries responded to our ques-
tionnaire however we did not got responses 
from Croatia and Montenegro. And while we 
were able to retrieve information for Croatia 
from published documents we were unable to 
have any information from Montenegro. It is 
not easy to group the practices from these coun-
tries since there are huge differences. However, 
and most interestingly all countries claim that 
their training is EFLM syllabus compliant.

In Spain there are two specialties which are clos-
er to what EFLM describes as LM are Bioquímica 
Clínica (which is the monovalent specialty), 
and Análisis Clínicos (the polyvalent special-
ty). Medical Genetics, Transfusion Microbiology-
Virology, Immunology, Laboratory Haematology, 
Medical Microbiology, and Haemostasis consti-
tute separate autonomous monovalent special-
ties requiring special training. Medical doctors 
and non-medical scientists (of pharmacy, biol-
ogy, biochemistry and chemistry background) 
are eligible for training in LM and are accepted 
after examination. Training is state regulated 
the duration is 4 years for everybody and li-
censed specialists have equal rights in releas-
ing final results and in providing clinical consul-
tancy to clinicians. From the remaining separate 
specialties only Haematology is strictly a medi-
cal specialty and genetics is not yet a medical 
specialty. The training program is compliant to 
EFLM syllabus. 

In France we discovered that while MD’s and 
Pharmacy graduates can work as LM specialists 
in all labs and the name of the specialty here 
is Biologie médicale, non-medical scientists can 
work only in University Hospital labs and when 
it comes to who has the rights in releasing final 
results this is not granted to all clinical scientists 
and they cannot provide any clinical consultan-
cy. Training for medical and pharmacy scientists 
is state regulated is ELFM syllabus compliant 
and the total duration of studies is 10 years (in-
cluding the undergraduate studies). 

In Italy the name is Laboratory Medicine, the 
situation is closer to Spain concerning the type 
of university degrees that are accepted for 
training. Non-medical trained specialists share 
the same rights in respect of releasing the final 
results but are not allowed to provide clinical 
consultancy. Only medical genetics represent 
an autonomous specialty. The training program 
is state regulated and is (at least in part) EFLM 
syllabus compliant. 

Clinical Chemistry and Laboratory Medicine 
(CCLM) is a scientific discipline within medicine in 
Slovenia, is the largest sub-discipline of laborato-
ry medicine, and is named Medical Biochemistry 
(Medicinska Biokemija). The practice of Medical 
Biochemistry in Slovenia includes clinical bio-
chemistry (including toxicology, therapeutic drug 
monitoring, endocrinology, molecular diagnos-
tics, immunology), hematology and coagulation. 
The training is 4 years for all, it is state regulated 
and open to medicine, pharmacy, chemistry, bio-
chemistry, or other relevant university studies 
degrees and finally is ELFM syllabus compliant. 

Clinical chemistry and Medical biochemistry is 
the terms that used in Bosnia and Herzegovina 
to describe the profession. the specialty is open 
to scientists from Medical schools, Pharmacy 
and non-medical (biologists, biochemists, chem-
ists and other graduates from life-sciences). 
State regulated training is provided for both 
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APPENDIX A - Questionnaire

What is the term that describes best the special-
ty (Clinical Chemistry and Laboratory Medicine) 
in your country? (please check all appropriate 
replies)

1.	 Clinical Chemistry
2.	 Clinical Biochemistry
3.	 Laboratory medicine
4.	 Medical Biochemistry
5.	 Clinical Biology
6.	 Chemical Pathology
7.	 Other (please describe)……………

What is the educational background of the 
scientific staff working in clinical laboratories 
in your country (please check all appropriate 
replies)

1.	 Medical (MD)
2.	 Clinical Scientists (of non-medical, Life 
Sciences background) 
3.	 Pharmacist
4.	 Other
5.	 Mixed (please describe in detail)……………

If the scientific staff is of mixed-background, can 
the non-medical scientist

1.	 final release of results 
a.	 YES 
b.	 NO

2.	 provide clinical consultancy 
a.	 YES
b.	 NO

If the scientific staff is only of medical origin, 
what is the name of the medical specialty that 
is required from an MD in order to be eligible to 
work?

1.	 Medical Biochemistry
2.	 Medical Biopathology

3.	 Chemical Pathology
4.	 Pathology
5.	 Clinical Biology
6.	 Biological Chemistry
7.	 Other (please specify)……………

Are the following laboratory medicine special-
ties constitute autonomous medical specialties 
requiring special and autonomous training?

1.	 Medical Genetics 
2.	 Molecular diagnostics
3.	 Transfusion Microbiology-Virology
4.	 Immunology
5.	 Laboratory haematology
6.	 Medical microbiology
7.	 Other (please specify)……………

Is the training common in content and duration 
form medical and non-medical scientists?

1.	 Yes
2.	 No

What is the total number of years of training 
required in order to be eligible to work in the 
clinical lab.

A.	 for medical background 
1.	 pre-graduate
2.	 post-graduate

B.	 for non-medical background
3.	 pre-graduate
4.	 post-graduate

 Is the training program:

1.	 State regulated
2.	 Scientific Society regulated
3.	 Other……………

Is your training syllabus EFLM compliant?

1.	 Yes
2.	 No
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medical and non-medical background candi-
dates. However non-medical scientists are not 
allowed to do clinical consultancy. Molecular di-
agnostics, immunology, laboratory hematology 
medical microbiology and transfusion medicine 
are separate monovalent medical specialties in 
this country. Finally, the training program is not 
EFLM syllabus compliant. 

Medical biochemistry and Medical biochemist 
(Specijalist Medicinske Biokemije I Laboratorijske 
Medicine) are terms commonly used in Croatia, 
equivalent to Clinical Chemistry and Clinical 
Chemist, respectively, in most European coun-
tries. Medical biochemistry is almost exclusively 
practiced by medical biochemists. Medical bio-
chemistry in Croatia comprises clinical biochem-
istry, haematology and coagulation, immunol-
ogy, toxicology and therapeutic drug monitoring 
and endocrinology. Blood-banking, microbiology 
and cytogenetics are separate entities. Medical 
Biochemistry is studied at the Faculty of 
Pharmacy and Biochemistry. University degree 
(Master of Science) is earned after the 5 years 
of the studies and postgraduate training which 
is 1 year follows, it is state regulated and is ELFM 
syllabus compliant. The Faculty of Pharmacy and 
Biochemistry provides the postgraduate educa-
tion within the three years of Doctoral studies 
for: (a) Pharmacy sciences; and (b) Biomedical 
sciences. PhD degree is requirement for a head 
of the clinical laboratory at the university hospi-
tal. However, PhD degree is not a requirement 
for medical biochemistry specialists to practice 
the profession in a laboratory. 

In Serbia, the terms used are Clinical Biochemistry, 
Laboratory Medicine, and Medical Biochemistry 
and only Medical Doctors and Pharmacists are al-
lowed to enter the profession. The training is 3-4 
years depending on background, it is also state 
regulated compliant to EFLM syllabus but medi-
cal genetics transfusion medicine immunology 
and microbiology are separate medical special-
ties. And finally all specialists have the right to 

both release results and provide clinical consul-
tancy. Kosovo although it is part of Serbia is a 
recent full member of IFCC. Regulation of the 
profession in kosovo is similar to that in Serbia 
only recently only Medical Doctors can enter the 
profession.

Small but significant differences we can see in 
FYROM where the term Medical Biochemistry 
and Clinical Chemistry are used. While Medical 
Doctors, Pharmacists and non-medical scientists 
are allowed to enter the profession only MD’s 
and Pharmacists have the right to release re-
sults and provide consultancy. Moreover, train-
ing is state regulated but only for medical and 
pharmacists it is 4 years and it is EFLM syllabus 
compliant. No post-graduate training is provided 
for non-medical scientists.

In Albania, the name is Clinical Biochemistry is 
only open to medical doctors and the training is 
four years it is state regulated and compliant to 
EFLM and UEMS syllabus. Clinical biochemistry 
as a specialty here incorporates Haematology 
and Immunology but Microbiology is a seperate 
medical specialty.

In Greece and Cyprus, Medical Biopathology 
(Iatriki Biopathologia) is the state regulated 
multidisciplinary medical specialty that is given 
only to Medical Doctors. It is 5 years in dura-
tion and incorporates microbiology, laboratory 
haematology, immunology, biochemistry and 
transfusion medicine. However this training pro-
gram is partly EFLM syllabus compliant. Medical 
Genetics is a new state regulated medical spe-
cialty which is going to be open to both medical 
and non-medical scientists, but the training pro-
cess has not been decided yet. A medical spe-
cialty under the name Clinical Chemistry (open 
to both medical and non-medical scientists) is 
inactive and no regulatory laws are in practice to 
govern the training of medical and non-medical 
scientists. The Greek society for clinical chemis-
try and clinical biochemistry understanding the 
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gap in non-medical scientists issued a training 
program that is compliant to EFLM syllabus and 
it is available for all non-medical scientists.

In Turkey, the situation is a bit more complicated. 
Training is performed either at hospitals or med-
ical faculties in the universities. Although there 
is a core curriculum for the training from minis-
try of health each hospital or medical faculty has 
its own training program. The graduates from 
the Medical, Pharmaceutical, Chemistry facul-
ties can participate at an examination in order to 
start training, but only the medical graduates can 
be trained at the Medical faculties. Non-medical 
graduates can be trained only at the state hos-
pitals. They all take exams organised by their or-
ganisations in order get the diploma. The gradu-
ates with the Medical Biochemistry Diplomas 
all can work at the Hospital laboratories by law. 
But the MoH does not allow them for working 
at the hospital laboratories belonged to the 
MoH because the MoH and the medical labora-
tory associations or societies except the Turkish 
Biochemistry Society are strongly against to the 
training of non-medical graduates for becoming 
Medical Biochemist.

IS THE PROFESSION OF LABORATORY 
MEDICINE CHANGING?

The definition of Laboratory medicine is not a 
static one. Changes in technology and in the 
economic environment drive the changes in 
the profession. Techniques that a few years ago 
were available only for research now are ready 
for everyday clinical use. Moreover, the need 
for better and individualised care together with 
these emerging technologies has driven many 
laboratory tests outside the safe laboratory en-
vironment to the clinicians and in certain cases 
to the patients themselves. Who has the right 
to perform laboratory tests? This also needs to 
be re-defined in the next years. 

Changes due to technology

During the last 10-20 years, major scientific and 
technological advances were the cause of evo-
lutional changes that happened in the practice 
of laboratory medicine: 

First, the rise of new technologies that produce 
biomedical “big data” (next generation sequenc-
ing, multiparameter/multiplex flow cytometry, 
high-throughput proteomics and metabolomics, 
systems biology analysis) has caused us to re-
think the best approach to diagnostics. Whereas 
formerly one could easily spend one’s clinical and 
investigative career developing expertise in just 
a few analytes, we now have the opportunity to 
begin to crack the incredible redundant complex-
ity of living organisms. Moreover, the implemen-
tation and growth of clinical testing using mass 
spectrometry and molecular diagnostics. Once 
only basic research tools, now these technolo-
gies provide same-day measurement of proteins, 
nucleic acids, and therapeutic drugs, improving 
patient care in complex medical cases. 

Second, the advent of the electronic medical re-
cord (EMR) has added to this potential but, more 
importantly, has made it much more possible to 
carry out “cost-efficient” clinical consultation 
in laboratory diagnostics on specific patients 
across a wider geographic area. At least theoret-
ically, one pathologist can now consult quickly 
on multiple patients from a remote location. 

Third, point-of-care laboratory testing is advanc-
ing at a furious pace, resulting in both potential 
great benefits (imagine each clinical doctor with 
a handheld device) and potential dangers (the 
clinician might not be able to tell when the in-
strument is pout of control or not working at all). 

Finally, high-throughput automation, combined 
with electronic identification technologies, pro-
vides a platform for reduction of laboratory test–
related medical errors. 
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All of these changes work toward progressively 
greater centralisation. The risk of our profes-
sion to become “big business” in its underlying 
structure is evident, and this makes our second 
objective (the research) even more difficult.

Changes due to increasing 
economic restrictions

Governments and private health-care providers 
try to reduce the cost of healthcare in general 
and laboratory were easy targets. Laboratory 
consolidations, outsourcing of services, and 
hostile takeovers of hospital laboratories by 
commercial companies were common occur-
rences in the US in the mid-1990s. These mea-
sures led to a reduction not only in the num-
ber of positions for clinical laboratory staff, but 
also to the closing of many medical technology 
schools, and downsizing of postdoctoral train-
ing programs.

These practices crossed the ocean and are now 
common practices in many European countries. 
Consolidation and, in some cases, regionalisa-
tion of laboratory services with the creation 
of individual laboratories serving multiple 
healthcare facilities is now the driving force in 
many countries. Healthcare in Europe used to 
be different than in US but is facing the dangers 
of an increased privatisation. The private–public 
competition also contributed to the increased 
perception of health as a commodity (the prod-
uct of clinical laboratories was no exception). 
This is a dangerous path often ignoring the im-
portance and the true impact of diagnostic test-
ing in patient’s health. 

Changes due to regulatory requirements

Furthermore, the regulatory requirements, qual-
ity assessment programs, compliance issues, 
and general administrative responsibilities of 
laboratory directors have significantly increased 
over the past decade. As a result of these clin-
ical service demands, the academic aspects 

of the profession and the time to participate in 
research have seemingly suffered. 
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https://www.healthcareers.nhs.uk/explore-roles/doctors/roles-doctors/pathology/chemical-pathology/training-and-development-chemical-pathology
https://www.healthcareers.nhs.uk/explore-roles/doctors/roles-doctors/pathology/chemical-pathology/training-and-development-chemical-pathology
https://www.rcpath.org/trainees/training/training-by-specialty/chemical-pathology.html
https://www.rcpath.org/trainees/training/training-by-specialty/chemical-pathology.html


eJIFCC2018Vol29No3pp191-195
Page 191

Meeting the needs of Mediterranean nations: training and education in laboratory medicine

This is a Platinum Open Access Journal distributed under the terms of the Creative Commons Attribution Non-Commercial License which permits unrestricted 
non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

EFLM project “Exchange of practical knowledge 
and skills in Laboratory Medicine” – EFLMLabX
Evgenija Homšak1,2

1 Chair, EFLM WG-CPE
2 Department for Laboratory Diagnostics, University Clinical Centre Maribor, Slovenia

A R T I C L E  I N F O A B S T R A C T

Background

In many laboratories/institutions of the European 
Federation for Clinical Chemistry and Laboratory 
Medicine (EFLM) there is a need to acquire addition-
al practical knowledge and skills in different fields of 
Laboratory Medicine (LM).

Until now, there were no possibilities, in official and 
open ways, to find the link to such additional but very 
important education, which may be obtained in oth-
er laboratories in the country or abroad. The aim of 
this EFLM project is to create and operate a network 
of medical laboratories willing and able to offer prac-
tical training in various fields/aspects of Laboratory 
Medicine. 

Methods

We conducted the survey among EFLM members, 
with the aim to identify the EFLM members’ needs 
and possibilities to offer different practical training in 
laboratories in the country or abroad. We created the 
EFLMLabX website portal within the main EFLM web-
site for offering, searching the practices and establish-
ing direct contacts between applicants and providers 
institutions.
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Results

According to the very positive survey results (146 
responses) about needs (128) and interest to of-
fer different practices (87) on the field of LM, that 
we have obtained from EFLM National Societies 
(28) in 2015, we noted a great interest for training 
and exchange of practical knowledge and skills in 
LM amongst EFLM countries. In January 2018 we 
have launched EFLMLabX portal. Since now we 
have already 13 providers/ partners institutions, 
from 10 different countries, which offer 17 differ-
ent practice positions. Four practices are already 
ongoing and two were already finished.

Conclusions

With this project, according to obtained high-
er level of knowledge/experience on different 
field of laboratory diagnostics of general pro-
fessional population (of EuSpLM), better net-
works between professionals, experts, and sci-
entists we will gain higher general quality of our 
profession. 



INTRODUCTION

The Education for the specialists of Laboratory 
Medicine (LM) is very complex and according to 
common Syllabus concerns the knowledge on 
several different fields of diagnostics, methods, 
including practical laboratory training and skills 
(1,2). LM is undergoing continuing changes, due 
to medical information improvement, novel 
analytical technologies development and intro-
duction of new tests. In many laboratories/insti-
tutions of EFLM Member Societies, to achieve 
complete competences of their specialist, there 
is a need to acquire additional practical knowl-
edge and skills in different fields of Laboratory 
Medicine, due to the lack of opportunity and ad-
equate professional experts (3). These may be 
obtained in other laboratories in the country or 
abroad. Until now, there were no possibilities, 

on the official and open way to find the link to 
such additional but very important education, 
especially for young trainees, but also for all oth-
er European Specialists of Laboratory Medicine 
(EuSpLM), who want to share the knowledge of 
LM on a different level. Under the umbrella of 
EFLM, as a main and central European profes-
sional organization, there is now an option which 
could help to address this problem: the project 
“Exchange of practical knowledge and skills in 
Laboratory Medicine” which the Working Group 
for Congresses & Postgraduate Education (WG-
CPE) is developing.

THE AIM OF EFLMLABX PROJECT

The aim of this EFLM project is to create and 
operate a network of medical laboratories will-
ing and able to offer practical training in various 
fields/aspects of Laboratory Medicine; addition-
ally, to enable the connections and direct com-
munication between providers and potential 
users of practices. With this project, we would 
be able to establish the big nets-communication 
between LM professionals and contribute to 
the higher exchange of knowledge and experi-
ence and general quality of our profession. This 
project is also in a scope of our several year’s at-
tempts to get official recognition of our profes-
sion, according to the new EU Council Directive 
on recognition of professional qualifications and 
Regulation with the established free movement 
of professionals among EU member/European 
countries (4).

EFLM SURVEY ON THE NEED 
AND INTEREST FOR PRACTICAL 
TRAINING IN LM

The first phase of the project was to conduct 
the survey among EFLM members with the aim 
to identify the EFLM member needs for prac-
tical training in laboratories in the country or 
abroad and set up possibility and readiness of 
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laboratories offering such practical training in 
EFLM countries. We have prepared the ques-
tionnaire, which included two part of questions 
that were related to needs and possibilities to 
offer different practical experience and knowl-
edge in EFLM laboratories and institutions. In 
March 2015 the related questionnaire was dis-
seminated to all national representatives and 
society presidents and to a number of labora-
tories in EFLM Countries. According to the very 
positive survey results (146 responses) about 
needs (128) and interest to offer different practic-
es (87) on the field of LM, that we have obtained 
from EFLM National Societies (28) in 2015, we 

noted a great interest for training and exchange 
of practical knowledge and skills in LM amongst 
EFLM countries.

Therefore, we were stimulated for the next fur-
ther step to create the website program to start 
and running the project.

EFLMLABX WEBSITE-PROGRAM 
(https://eflmlabx.eflm.eu/en)

A dedicated website for the EFLMLabX program 
was developed within the framework of the main 
EFLM website (Figure 1), offering the possibility to 
search and apply to the several practical training 

Figure 1 EFLMLabX project on EFLM website

https://eflmlabx.eflm.eu/en
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positions, and to establish direct links and com-
munication opportunities between both provid-
ers and users/applicants of practices (Figure 2). 

Training opportunities in the database can range 
from visiting, general specialist training to gain-
ing skills necessary for specialized measurement 
methods or systems (introduction of new IVD 
systems), research methods provided by groups 
in laboratories and practical courses in laborato-
ry medicine related topics. According to the add-
ed guide, here are the opportunities to sign up/
login as a user or an offerer of practices, with the 
generation of the own user/offerer profile. Each 
provider/offerer of the practice, after applica-
tion and evaluation/confirmation from the EFLM 
WG-CPE and signed contract (Memorandum of 
agreement) from both (EFLM and institution) 
site, become a trustable partner of the project, 
with the obligation to manage and update all 
information regarding institution and offered 
practice positions. At the end of each concluded 

practice, each participant will receive Certificate 
of attendance. The future task of the WG-CPE 
will include also evaluation of these practices, 
with the possibility to gain CPD points for con-
tinuing professional development (5).

GOALS OF THE PROJECT

With such a project we will be able on EFLM level:

•	 to achieve higher level of experience on 
different field of laboratory diagnostics 

•	 to share the knowledge and experience 
among practice in different lab-institution

•	 to learn and get/ exchange the knowledge 
and skills of different diagnostic methods 
(specific-GC –MS, new IVD systems...)

•	 to get the knowledge and skills of specific 
field of diagnostics (in terms of develop-
ment and introduction of new diagnostics 
as an interest of participant/applicant’s 
Laboratory-institution)

Figure 2 EFLMLabX project website
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•	 to offer the opportunity for the young 
trainees and specialist to expanding  
contacts with (between) the experts  
(motivation for work and research)

•	 to get the opportunity for research work 
and as part of that to get additional  
knowledge and skills on academic level  
(eg writing scientific articles)

•	 to find the new potential co-workers  
on diagnostic fields/research science

FUNDATION FOR BURSARIES

To support this important exchange of knowledge 
and skills in LM, especially for young trainees, we 
would like to create the fundation for bursaries, 
that will be supported by IVD partners/spon-
sors. With bursaries would be possible to cover 
expences for traveling, accomodation and pos-
sible fee for education of participants. On that 
way we would be able to stimulate the exchange 
of knowledge between different professionals/
laboratories/institutions and EFLM countries.

PILOT PROJECT AND FIRST EXPERIENCES

The EFLMLabX was launched in January 2018. 
The invitation to participate the project and join 
as a user or offerer was sent to all national rep-
resentatives of EFLM. Since now we have already 
13 providers/ partners institutions, from 10 dif-
ferent countries, which offer 17 different prac-
tice positions. Four practices are already ongoing 
and two were already finished.

CONCLUSIONS

EFLMLabX project of exchanging practice is/could 
be a useful tool for the young and already expe-
rienced professionals (EuSpLM) in LM to obtain 
higher level of knowledge/experience on differ-
ent field of laboratory diagnostics and to estab-
lish better networks between professionals, ex-
perts, and scientists. With this project we could 
gain higher general quality of our profession. 
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A R T I C L E  I N F O A B S T R A C T

Medical technologies are part of health technologies 
and they include medical devices (MD) and in vitro 
diagnostics (IVD). They have become a vital part of 
modern healthcare. Framework for introduction of 
new technology in the healthcare system includes a 
few steps: analytical and clinical accuracy assessment, 
clinical utility determination and economic evalua-
tion. In addition, payers are interested whether new 
technology is adequate for reimbursement. There are 
fairly enough specific guidelines for implementation 
of economic methods at the early stage of IVD de-
velopment. Searching the available literature in this 
field, this paper discusses the economic evaluations 
of emerging medical technologies with focus on point 
of care testing (POCT) and genetic testing.

Results of POCT economy studies depend on investi-
gated perspective (payers, policy makers or society), 
used effectiveness values (utility, effectiveness or con-
sequence estimated as monetary value) and under-
standing of clinical pathway.  There is a need for better 
understanding of the care pathway, resource utilisation 
and how they change with the introduction of POCT.

Introduction of genetic testing before drug therapy 
was recommended with the aim to improve treatment 
benefit and to reduce costs of adverse drug reaction. 
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Clinical utility and cost-effectiveness analyses 
should be considered for novel genetic testing 
– guided treatments. Most of the studies con-
sidering genetic testing – guided treatments 
showed that those combinations were cost-sav-
ing or cost-effective compared to standard care.

For medical tehnology there is no universal 
guidance for outcomes measurement, cost cal-
culation, performance requirements, use of a 
certain type of economic studies and economic 
thresholds.



INTRODUCTION

Medical technologies consist of both medi-
cal devices (MD) and in vitro diagnostics (IVD) 
and represent an important group of health 
technologies. It was estimated that more than 
500,000 medical technologies are available 
today (1, 2). They have become a vital part of 
modern healthcare and practically no diagnosis 
or treatment is possible without them.

Introduction of medical technologies in the 
healthcare system and their reimbursement 
is the result of available evidence assessment 
with the scope of ensuring rational resources 
allocation (3). Payers are now requiring data 
about both clinical and economic value before 
they will consider reimbursing and using any 
new technology. They initially assess the clini-
cal benefit of the technology with purpose to 
determine whether it is adequate for reim-
bursement. Payers then evaluate the added 
clinical benefit of the technology in compari-
son to existing or alternative technologies (4). 
This approach is obstructed by small number of 
available clinical studies for emerging technol-
ogies. European Union regulations consider 
premarket evidence, but because of the lack 
of appropriate data about new MD and IVD ef-
fectiveness, expectations of decision makers 

included in reimbursement process have rarely 
been met (5). Consequently, numerous appli-
cations submitted to the payers each year get 
rejected or withdrawn due to insufficient data 
(6). In addition, there is a lack of information 
concerning how, whether or not stakeholder 
should perform economic evaluations for MD 
and IVD or how cost-effectiveness should be 
applied in the health care setting (3). Number 
of factors, depending on medical technology, 
complicate economic evaluation and limit its in-
formative value. Some of these factors are result 
of the fact that technologies have multiple indi-
cations or purposes and so they have distinctive 
features. All those require different or modified 
methods for economic evaluation compared to 
pharmaceuticals (7). Consequently, in 2016 the 
National Institute of Health and Care Excellence 
(NICE) in the United Kingdom published 50 
pharmaceutical appraisals, but only 3 MD and 
6 diagnostic technologies appraisals (2). The 
European parliament decided to reform the EU 
legislation for MD and IVD. In 2020, Europe’s 
Medical Device Regulation and in 2022 In Vitro 
Diagnostic Regulation will come into effect, 
which will impact all medical technologies (8). 

There are fairly enough specific guidelines for 
implementation of economic methods at the 
early stage of test development. Drawing on the 
available literature in this field, this paper dis-
cusses economic evaluations of emerging medi-
cal technologies with focus on point of care test-
ing (POCT) and genetic testing.

ECONOMIC EVALUATION 
OF POINT OF CARE TESTING

In 2013, St John and Price published a review pa-
per on economic evaluation of POCT. They ana-
lysed five studies which included classical cost 
effectiveness analysis and two studies which 
applied cost consequence analysis (9). Few eco-
nomic studies also analysed self-monitoring 
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(SM) POCT. Simon et al. applied cost – util-
ity analyse to evaluate SM of blood glucose in 
patients with type 2 diabetes (10). The study 
showed that SM of blood glucose was more 
expensive than usual care. Patients had mod-
est improvements in HbA1c levels and conse-
quently non-significant health benefit. On the 
other hand in the study of Claes and colleagues, 
results of cost effectiveness analyses of vari-
ous interventions related to INR testing by SM 
POCT showed that the intervention after INR 
levels measurement in GP surgery combined 
with multifaceted education was dominant over 
usual care. They showed increased quality (ex-
pressed as “more patients with INR values closer 
to the target value”) and less cost (11). Contrary 
to the previous results, in the Parry et al. study, 
effectiveness of SM of INR which was expressed 
as “proportion of people with INR values in the 
therapeutic range” and costs were higher than 
standard care (12). Connock et al. developed a 
Markov model to evaluate cost-effectiveness of 
SM of INR in comparison to clinical care. They 
estimated costs from the UK NHS perspective 
and calculated incremental cost of SM per QALY. 
According to the results of Conneck study SM 
was cost effective using a threshold of £30,000 
/QALY (13). Findings of St John and Price review 
study were confusing regarding economic analy-
sis of POCT because of limited quality and avail-
ability of clinical effectiveness of POCT. Various 
studies used different effectiveness or utility 
values and compared them to costs of resource 
utilisation across different elements of the care 
pathway (9). In 2014, Ulf Martin Schilling ex-
plained main steps in calculation of direct and 
indirect POCT costs. He pointed out that major 
advantages of POCT are short turnaround times 
(TATs) and no requirement for dedicated labora-
tory staff for routine analysis (14). In addition, 
long TAT correlates with late diagnosis, less suc-
cessful treatment and higher associated costs 
(cost for prolonged therapy, increased morbidity 

and mortality). Few studies have showed that 
primary testing costs are increasing while costs 
of complete patient pathway are decreasing and 
consequently adoption of POCT was cost effec-
tive (14, 15, 16). An Australian study published 
in 2018 examined cost effectiveness of POCT 
as a tool for triage of acutely ill patients in ru-
ral communities. Results showed that POCT for 
patients with acute chest pain, for patients with 
CRF who missed one or more dialysis sessions 
and for patients with acute diarrhea, were more 
expensive but more effective than Usual Care 
strategies. Adopting of POCT in these patients 
would lead to cost savings (due to unnecessary 
medical evaluations avoided) in rural communi-
ties (17). 

Results of POCT economy studies depend on 
investigated perspective (payers, policy mak-
ers or society), used effectiveness values (util-
ity, effectiveness or consequence estimated as 
monetary value) and understanding of clinical 
pathway.  Most often the analysed effectiveness 
was from clinical studies with relatively short 
duration. Accordingly, main outcomes were not 
detected. There is a need for better understan-
ding of the care pathway, resource utilisation 
and how they change with the introduction of 
POCT (9).

ECONOMIC EVALUATION 
OF GENETIC TESTING

In the USA, cost of adverse events has been esti-
mated at US$177 billion per year and drug’s effi-
cacy was approximate on 50%.  Potential waste of 
money related to low drug efficacy was approxi-
mately $700 billion (18). Introduction of genetic 
testing before drug therapy was recommended 
with the aim to improve treatment benefit and 
to reduce costs of adverse drug reaction. For 
novel genetic testing – guided treatments clini-
cal utility and cost-effectiveness should be con-
sidered. The majority of genetic testing – guided 
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treatments were cost-effective or even dominant 
(cost saving), but with notification that there was 
large heterogeneity in methodology between 
studies (19, 20). 

According to systematic review conducted by 
Verbelen and co-workers, from 68 drugs that met 
inclusion criteria for study (FDA-approved drugs 
along with the biomarker gene - presented in 
The FDA Table of Pharmacogenomic Biomarkers 
in Drug Labeling lists), only 10 were economically 
evaluated. 44 economic evaluations were imple-
mented for those 10 drugs. Over half of the 44 
economic evaluations took cost utility and cost 
effectiveness analyses and they favoured genetic 
testing-guided therapy (21). Most of the studies 
considering genetic testing – guided treatments 
showed that those combinations were cost-sav-
ing or cost-effective compared to standard care 
(22). Rest of publications found genetic testing 
was not cost-effective or did not reach a de-
finitive conclusion (21). The majority of studies 
evaluated genetic testing for azathioprine, clop-
idogrel, irinotecan and clozapine with positive 
economic assessment. Warfarin was evaluated 
in most economic studies, but they reached di-
verging conclusions (21).

Verbelen and co-workers concluded that cost 
of genetic testing is an important parameter of 
economic evaluations because the price of ge-
netic tests decreased over time. In addition, ge-
netic testing costs may depend on the method 
used to determine genetic variants (for example, 
PCR or measuring enzyme activity). If alternative 
drug for test-positive patients is expensive and if 
genetic test has a high proportion of false posi-
tive results, genetic test is not cost effective (21). 

HER2, EGFR and KRAS testing are reimbursed 
in the UK and such approval was sponsored 
by pharmaceutical industry. In 2008, a French 
transparency committee recommended the 
use of Amgen’s (CA, USA) Vectibix for metastatic 
colorectal cancer treatment for wild-type KRAS 

patients only. Similarly, Herceptin has been reim-
bursement since 2007. In Italy, HER2 and KRAS 
are publicly funded and available via a network 
of public hospital laboratories. HER2, KRAS, EGFR 
and BCR-ABL test reimbursement involved phar-
maceutical subsidization or sponsorship (18). 

CONCLUSION

For medical tehnology there is no universal guid-
ance for outcomes measurement, cost calcula-
tion, performance requirements, use of a certain 
type of economic studies and economic thresh-
olds. There is no appropriate recommendation 
which medical technology should undergo for-
mal national reimmbursement system. It is un-
cler how existing health technology criteria for 
medicines can be translated to medical tehnol-
ogy reimbursment decision making. Whether it 
should be analysed using „real-world” observa-
tional evidence rather than experimental data? 
Assessment of cost-effectiveness is primarily of 
use to the policymaker and the purchaser, while 
healthcare provider needs to adopt technology 
in order to satisfy a recognised unmet need.
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Who or what is SHERLOCK?
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A R T I C L E  I N F O A B S T R A C T

Background

Polymerase chain reaction (PCR) is the most common-
ly used method for detecting nucleic acids. However, 
PCR requires specialized and expensive equipment, 
as well as specially trained personnel. Recently, new 
innovative diagnostic methods have been developed 
to detect nucleic acids using the Clustered Regularly 
Interspaced Short Palindromic Repeats (CRISPR) gene 
editing technology. 

Objective

This manuscript reviews the newly emerging diag-
nostic methods that exploit the CRISPR technology. 

Results

The programmable endonuclease properties of CRISPR 
have been harnessed for use in diagnostic testing.

Specific High-sensitivity Enzymatic Reporter un-LOCK-
ing (SHERLOCK) and DNA Endonuclease Targeted CRISPR 
Trans Reporter (DETECTR) are diagnostic tools that can 
be used to detect specific RNA/DNA at low attomo-
lar concentrations. Heating Unextracted Diagnostic 
Samples to Obliterate Nuclease (HUDSON), is a pro-
cess of heat and chemical reduction that allows for 
direct detection of nucleotides in body fluids.
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HUDSON and SHERLOCK can be combined to de-
tect RNA/DNA directly from urine, saliva, serum, 
plasma, and whole blood with limited sample 
preparation or equipment with results in 1 to 
2 hours. In addition, a lateral flow readout has 
been developed to facilitate assay detection.

Conclusions:

Potential uses of this emerging technology are 
numerous due to the analytical sensitivity and 
specificity, simplicity, speed, and flexibility.



The ability to measure nucleic acids with highly 
sensitive methods is important for a number of 
applications such as: environmental monitoring, 
food safety, and detection of biological threats. 
Ultra-sensitive methods also have utility in clini-
cal diagnostics for early detection of infectious 
diseases, testing the blood supply, and screen-
ing for cancer. 

The most commonly used method for detecting 
nucleic acids is polymerase chain reaction (PCR). 
PCR is capable of routinely detecting <100 cop-
ies of nucleic acid per sample, which is in the 
low attomolar to zeptomolar range. PCR, how-
ever, requires specialized and expensive equip-
ment, as well as specially trained personnel. For 
laboratories without this equipment or person-
nel, sending samples to a specialized laboratory 
takes time. In addition, in some cases, such as 
certain viral infections, the viral load is so low 
that even PCR is not sensitive enough. 

Recently, new innovative diagnostic methods 
have been developed to detect nucleic acids us-
ing the CRISPR gene editing technology. In order 
to understand these new diagnostic methods, it 
is important to understand CRISPR.

CRISPR stands for “Clustered Regularly Inter
spaced Short Palindromic Repeats”. (1) This is 
a naturally occurring genome editing tool that 
is part of the bacterial immune system used to 

fight against invading viruses. This system has 
been harnessed by scientists to modify genes in 
living cells. 

Bacteria store genetic elements from infectious 
agents in genomic loci called CRISPR arrays as 
memories for adaptive immunity. In a very sim-
plified explanation, this immune system works 
as follows. When bacteria senses the presence 
of viral DNA it produces a unique RNA, which 
matches that of the invading virus. This RNA 
forms a complex with a protein enzyme called 
CAS9 (CRISPR associated protein 9). CAS9 is an 
endonuclease (an enzyme that cuts DNA). The 
endonuclease is guided by the RNA to its DNA 
target. When the bacterial guide RNA finds its 
match DNA the Cas9 enzyme cuts the DNA in a 
specific location. Hence, Cas 9 is referred to as 
a “programmable endonuclease” because one 
can program it to cut a specific DNA by provid-
ing a unique RNA.

Over the past few years, researchers have real-
ized that they can harness this system to cut, 
not just viral DNA, but any DNA at a specific 
location by changing the guide RNA to match 
the target of interest. In addition, this can be 
done, not just in a test tube, but in the nucleus 
of a living cell. This technology has enabled sci-
entists to do incredible things such as edit the 
human genome to correct naturally occurring 
mutations.

Recently, this CRISPR technology has been har-
nessed for use as a diagnostic test. In 2017, a 
group of scientists reported the development of 
a technology called SHERLOCK which stands for: 
“Specific High-sensitivity Enzymatic Reporter un-
LOCKing”. (2) Their goal was to develop a method 
to rapidly detect nucleic acids with high sensitiv-
ity, single base specificity, on a portable platform.

Instead of using the Cas9 endonuclease, SHER
LOCK uses a related, but different protein, 
Cas13a. Cas13a binds and cleaves RNA rather 
than DNA substrates. After Cas13a cleaves its 
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target RNA, it adopts an enzymatically “active” 
state rather than reverting to inactive state, like 
Cas9. Cas13a then binds and cleaves additional 
RNAs regardless of homology. This is referred 
to as “collateral cleavage”. It is this property of 
Cas13a that opens up the possibility of using 
Cas13a as a diagnostic tool.

SHERLOCK works by amplifying RNA (or DNA 
with a reverse transcriptase) using recombinase 
polymerase amplification (RPA) which is an iso-
thermal nucleic acid amplification. Isothermal 
amplification does not require specialized in-
strumentation, as it uses a single temperature. 
The amplified nucleotides are combined with 
the Cas13a nuclease, a guide RNA that match-
es the nucleic acid sequence of interest, and a 
short nucleotide sequence that is coupled to a 
fluorescent reporter and a quencher. If the tar-
get sequence is present in the pool of amplified 
nucleotides, the non-specific RNAse activity of 
Cas13a becomes activated and the RNA report-
er will be cleaved resulting in activation of the 
fluorophore. Therefore, the fluorescent signal is 
used as an indicator to determine whether the 
target sequence is present in the original pool 
of nucleotides. Hence the name “Specific high-
sensitivity enzymatic reporter unlocking”.

The authors demonstrated that SHERLOCK could 
distinguish between Zika virus (ZIKV) and den-
gue virus (DENV) in clinical isolates (serum or 
urine) where concentrations can be as low as 
2000 copies/mL (3.2aM). They were also able 
to distinguish between several pathogenic bac-
terial strains, genotype human DNA, and iden-
tify mutations in cell-free tumor DNA. (2) One 
year later, in an issue of science, three papers 
were published that further advanced field of 
molecular diagnostics using CRISPR technology. 
(3-5) A group from Jennifer Doudna‘s group at 
the University of California Berkley reported on 
a detection system similar to SHERLOCK that 
they termed DETECTR for: “DNA Endonuclease 
Targeted CRISPR Trans Reporter”. Their system 

utilizes Cas12a which cleaves double stranded 
DNA and activates non-specific cleavage of sin-
gle stranded DNA. They use the system to detect 
carcinoma associated HPV from clinical speci-
mens also using RPA with attomolar sensitivity.

In another paper in the same issue of Science, 
Myyhrvold et al reported on a new method 
to release and protect from degradation viral 
nucleic acid‘s from clinical specimens, thereby 
bypassing the need for nucleic acid extraction. 
(4) This method, called Hudson for: “Heating 
Unextracted Diagnostic Samples to Obliterate 
Nuclease”, is a process of heat and chemical re-
duction that inactivates the high amount of ri-
bonucleases found in body fluids and then lyses 
viral particles by disrupting the viral envelope, 
thereby releasing nucleic acid’s into solution. 
The authors combined HUDSON and SHERLOCK 
to detect ZIKV and DENV directly from urine, 
saliva, serum, plasma, and whole blood with 
limited sample preparation or equipment with 
results in 1 to 2 hours.

In the third paper, Gootenberg et al advanced 
this technology even further with SHERLOCKv2.
(5) The authors describe the following four ad-
vances to SHERLOCK: 

1.	 four-channel multiplexing; 

2.	 quantitative measurement as low as 2 aM; 

3.	 3.5-fold increase in signal sensitivity; 

4.	 development of a lateral flow readout. 

The flexibility of this revolutionary new tech-
nology has enormous potential. Proposed uses 
have included: 

•	 Rapid detection of pneumonia pathogens 
(viral and bacterial) in one assay

•	 Monitoring viral load in HIV patients  
receiving therapy in resource limited areas

•	 Liquid biopsy to detect mutations  
in cell free DNA
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•	 Rapid TB results before patient is lost  
to follow-up

•	 Rapid detection of pathogen resistance genes

•	 CRISPR to gene - edit mutations - SHERLOCK  
to determine proportion of genes success-
fully edited

In conclusion, the programmable endonuclease 
properties of CRISPR have been harnessed for 
use in diagnostic testing.

SHERLOCK and DETECTR are diagnostic tools 
that can be used to detect specific RNA/DNA.

 HUDSON pairs with SHERLOCK for direct detec-
tion of nucleotides in body fluids.

Potential uses of this technology are numerous 
due to the analytical sensitivity and specificity, 
simplicity, speed, and flexibility. 
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Rapid and accurate diagnostic tests are very impor-
tant for the global control of infectious diseases. The 
point of care diagnosis has become a promising strat-
egy in recent years. Different kind of point of care 
testing devices has been introduced into the mar-
ket in the last decade. These devices must provide 
a low-cost, robust, sensitive, specific, and practical 
analysis in order to replace the conventional clinical 
laboratory diagnostic test algorithms when needed. 
The successful implementation of point of care di-
agnostics has a potential to increase the strength of 
infectious diseases surveillance programs. Finally, the 
rapid progress in point of care diagnosis can stimu-
late a shift from a centralized diagnostic model to a 
decentralized patient-centered approach.
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INTRODUCTION

It is critically important to reduce the global 
burden of infectious diseases and the drug re-
sistant cases. Because of this reason, new diag-
nostic methods and instruments are continu-
ously being developed through basic research. 
Rapid diagnosis of infections is very important 
for the initiation of an effective treatment. 

After the discovery of polymerase chain reac-
tion (PCR), there are many important milestones 
including sequencing, microchip technology, 
real-time PCR, and cartridge tests in the history 
of diagnostic molecular tests. Actually this amaz-
ing history is not more than 40 years that is a tiny 
space in the history of human being. The first step 
of technological progress is dreaming as stated in 
a paper published in 2002 by Dunne et al (1).

In that paper the authors introduced a mythical 
take on the future of the clinical microbiology 
laboratory based on the technological progress 
and describe the clinical microbiology in the 
year 2025. One of their most important predic-
tions was the reversion of the trend of central-
ized laboratory services towards a decentral-
ized testing approach that was basically point of 
care testing. Based upon the evolutionary pace 
of the technology, it will not be surprising to see 
that most of their predictions will become true 
until that time.

MULTIPLEX POINT OF CARE 
TECHNOLOGIES 

Multiplex point-of-care diagnostic technologies 
(MPOCTs) can test the presence of multiple in-
fectious pathogens within a specimen (such as 
blood, urine, or sputum) (2). Proteins, cells, DNA, 
RNA, exosomes and metabolites can be detected 
by using MPOCT devices that contain hybridiza-
tion papers, array settings, bead technology or 
microfluidic systems. This theoretically complex 
high technology design actually provides a very 
practical application that can be performed in 

places outside the routine laboratories like clin-
ics, wards or doctor’s offices. The favorable out-
come for an ideal MPOCT device is to have a high 
sensor performance at low system complexity. 
The test results can be obtained within 15 min-
utes to several hours. The development of new 
molecular panel diagnostics that can provide 
results in 15 minutes would provide both clini-
cal and economic benefits. Analysis of the multi-
plexed results provides the clinician with an op-
portunity to administer personalized therapies in 
a short time.

Potential benefits of MPOCTs for infectious dis-
eases include improved patient health care and 
management, more appropriate use of antibiot-
ics, improved ability to limit the spread of disease, 
health care cost savings and increased access to 
testing in remote or low-resource settings (3).

The set of tests on a multiplex technology is 
known as a test panel. Syndromic test panels are 
designed to test for multiple diseases associated 
with a similar set of symptoms, or a syndrome. 
These panels help the evaluation of the cause of 
the disease at the point of care. Respiratory pan-
els and gastrointestinal panels are two examples 
of syndromic panels (4,5).

The main performance characteristics of com-
mercially available MPOCTs (6) include:

1.	 panel size, or the number of pathogen tar-
gets that can be tested in one sample run; 

2.	 time to test result;

3.	 throughput, or the number of patient sam-
ples that can be run simultaneously; and

4.	 physical size of the device.

The molecular diagnostic methods were initial-
ly expensive due to high investment costs, had 
long turnaround time (hours), and needed ex-
perienced user. However, recent developments 
in isothermal DNA amplification have made 
great contribution to the workflow of molecular 
diagnostics (7,8). 
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The successful migration of high sensitivity mo-
lecular diagnostics from the routine diagnostic 
laboratories to the field could dramatically im-
prove the accuracy and sensitivity of MPOCTs, 
enhance public health reporting, and facilitate 
outbreak containment in difficult settings (9). 

The key design features for MPOCTs in resource-
limited settings included: loop-mediated iso-
thermal amplification to eliminate the need for 
a thermal cycler, lyophilized reagents for long-
term stability at high temperature, and relatively 
simple procedures for ease-of-use by operators 
in a field laboratory (10).

Microfluidic devices can provide a fully inte-
grated MPOCT device for sample processing, 
fluid handling, and signal generation (11,12). A 
major goal is a low-cost diagnostic test for use 
in remote settings. Microfluidics-based devices 
use channels to transport small amounts of fluid 
by actuation forces. Solid phase nucleic acid ex-
traction and isothermal enzymatic nucleic acid 
amplification steps are combined on microflu-
idic cartridges or chips that contain pre-stored, 
paraffin-encapsulated lyophilized reagents (13). 

The use of microfluidic technologies reduces as-
say complexity and enables multiplex analysis 
and high-throughput screening (14). On-chip 
nucleic acid analysis is particularly promising be-
cause it miniaturizes and integrates the various 
assay steps, including the lysis or extraction of 
target cells, the purification of nucleic acids, the 
amplification of nucleic acids, and on-chip de-
tection of reaction products (15). Current efforts 
in the development of lab-on-chip diagnostics 
include the identification of new biomarkers, as 
well as integrated microfluidic design, construc-
tion materials, and detector technologies (16). 

A particular concern is the per-test cost and the 
need for instrumentation to drive the devices 
and product detection. One novel approach 
to assay construction is the use of layered pa-
per to construct three-dimensional microfluidic 

devices that can distribute fluids vertically and 
horizontally and enable streams of fluid to cross 
one another without mixing (17).

With regard to detector technologies, a uni-
versal mobile electrochemical detector was 
recently described that can communicate re-
sults to distant sites using a mobile phone (13). 
These and similar developments will be critical 
for lab-on-chip diagnostics for resource-limited 
settings (18,19).

Effective communication of results for disease 
surveillance can be best accomplished if there 
is standardization for result recording and re-
porting. Ideally, multiple detection technologies 
might be combined in a single instrument.

The communication of results from MPOCT as-
says will require the abilities to digitally capture 
data and to communicate results to a central 
database. But using an electronic reader to scan 
point of care tests and store or transmit patient 
data remain as a major concern for data privacy 
and security.

The immediate goal of a MPOCT assay is to use 
the information gained from the test to impact 
the care of the patient. For many diseases, par-
ticularly, communicable diseases such as influ-
enza or emerging infectious diseases, the use 
of MPOCT assays can provide a key element of 
disease surveillance (9). Linking data to specific 
geographical locations can provide information 
regarding disease emergence, disease spread, 
or progress toward control.

There are some studies that evaluate the effec-
tiveness of MPOCTs compared to routine, labo-
ratory-based detection methods in order to as-
sess the impact on length of stay and antibiotic 
usage. In one of these studies, for the first time, 
the ward staff performed the MPOCT (20). The 
authors found no association between respi-
ratory PCR MPOC testing and length of stay or 
most of the secondary outcomes except the an-
timicrobial prescribing decision. They concluded 
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that this was probably due to a delay in initiat-
ing MPOC testing. MPOC testing allowed time-
critical antivirals to be given significantly faster, 
and results were available considerably faster 
than routine laboratory-based testing. It seems 
that in order to obtain the most beneficial results 
from MPOCTs, the tests must be performed im-
mediately after the collection of the specimens. 
This action requires at least one personnel to be 
allocated for the application of MPOCTS. As high-
lighted by the authors, new technology itself is 
not enough, it should be incorporated into the 
routine algorithms in a correct manner.

CONCLUSION

An ideal device for multiplexed point-of-care 
testing should offer a high sensor performance, 
like high sensitivity and multiplexing capability, 
as well as short turnaround times, at low sys-
tem complexity, including low-cost fabrication 
and minimized user intervention. The future 
technology challenges will be the standardiza-
tion and further miniaturization of the system 
components for the most effective use of this 
tool as a part of infectious diseases surveillance 
programs. It seems that the more widely use 
of MPOCT devices will bring diagnostic testing 
closer to patients and will be a driving force for 
a shift from a centralized model to a decentral-
ized patient-centered approach. 
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A R T I C L E  I N F O A B S T R A C T

The consolidation of laboratories, the evolution to in-
tegrated care network as well as an environment of 
consumerization are disrupting laboratory services 
and operations. The switch to SMART (Speed Metrics 
Automation Remote Technologies) digital laboratories 
based health ecosystems depends on several prereq-
uisites for successes. Intelligent processes, integration 
of big data and real-time data management, automa-
tion, blockchain, Internet of things and enhancement 
of user experiences are key element of the smart digi-
tal laboratory. Safety, security and cost-effectiveness 
are pillars for the credibility and transferability of such 
smart digital laboratory environment. This transform-
ing ecosystem will also trigger novel human – machine 
interfaces and we will be the gatekeepers for this new 
“click to brick” ecosystem. 
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INTRODUCTION: 
TRANSPORTATION AND DELIVERY

At first sight, we could limit our discussion to 
“classical” pathways of laboratory transportation 
of samples and delivery of results to physicians. 

Focusing on this perimeter, we can already ob-
serve that our laboratory environment is chang-
ing and consolidating (1,2). Laboratories and 
hospitals are operating as networks with some 
consolidated hubs for specialty testing. The com-
plexity of these networks are increasing as well 
as the need to meet the accreditation require-
ments, leveraging the need for real-time moni-
toring, traceability, safety, temperature control 
and economy of scale (1-3). These networks and 
large size consolidated core-laboratories have 
triggered the evolution of transportation, sup-
ply chain management and current progresses 
are impacting the intra-laboratory / intra-hospi-
tal logistics but also the inter-laboratory / inter-
hospital logistics (1,4). Emerging technologies 
offer clear gains for temperature control and 
monitoring, holistic supply chain management, 
inventory management, sample tracking, stan-
dardized connectivity between laboratory in-
formation systems, and for a broader control 
of whole healthcare facilities through the latest 
generations of electronic medical records (1,5). 
Innovations make processes more fluids and op-
erations more cost effective, meeting the con-
straints coming from health care systems under 
stronger economical pressure.

However, broadening the vision led us to con-
sider that our whole ecosystem is transforming. 
We are living in smart, inclusive and connected 
cities where the paradigms of mobility, motility 
and logistics are transforming (12). We are also 
citizens of an “accelerated world” where our re-
lation to ordering and transport is influence by 
“uberization” of goods and services and wishes 
of “consumerization”. Finally, we are actors of 
the ongoing digitalization wave and users of 

applications aimed to facilitate services, em-
powerment, tracking and monitoring. The ef-
ficiency of our transforming SMART (Speed 
Metrics Automation Remote Technologies) 
based health ecosystems will depend on several 
prerequisites for successes.

THE PREREQUISITES OF SUCCESS 
FOR A SMART DIGITAL LABORATORY

The processes and logistics will be 
integrated, intelligent and scalable

The effects of consumerization, competition and 
the switch to care pathways trigger real time re-
porting, integrated workflows, speed and cost-
effectiveness (1,5). Solutions will need to take a 
greater control over the supply chain, to ensure 
fast and smooth processes, to guarantee quality 
and ISO requirements. Intelligent systems will 
analyze and sense demands, measure perfor-
mances, monitor the status of systems and will 
respond in real-time to manage capacities, pre-
dict needs and avoid disruption and complains. 
An example of transformation could be the evo-
lution from temperature maintenance to intel-
ligent cold chain management.

The efficient use of big data 
will improve operations

Our new ecosystems are driven by data and our 
new healthcare systems are made of opportu-
nities to harness new forms of data to improve 
practices (6-9). The use of big data to capture 
and analyze, to streamline the operations and 
optimize the supply chain will add tremendous 
value to laboratory logistics and services. The 
application of algorithms and machine learning 
to crunch data, unlocking insights and opportu-
nities as never imagine before. The perspectives 
include a data based automation to optimize the 
use of resources, reduce waste and facilitate lean 
operation, an effective real time management, a 
comprehensive data base inventory and supply 
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chain management, the analysis of data to con-
trol carbon footprints and contribute to a greener 
environment and the use of machine learning to 
build actionable and intelligent network and ser-
vices (6-9). The benefits of machine learning have 
already been demonstrated in electronic health 
records, omics and mobile data and wearables. 
The efficient use of data and data flows is essen-
tial to face our transforming biotope and provide 
a dynamic response to disruption.

Relying on automation and blockchain 
to improve security and safety 

The recent reformation of the Global Data 
Protection Regulation bring to light for a safe and 
secure use and management of data, and this is 
clearly sensitive when considering healthcare 
data. Automation will continue to secure pro-
cesses and reduce the rate of errors (6-9). The 
use of cognitive technologies will prevent mis-
takes and increase safety (13,14). Inventories, 
real-time supply chain management, transfer of 
results to caregivers will be stronger and more 
secure. Blockchain represent a way to improve 
the security and safety of data monitoring, sam-
ple transfer and results communication (16,17). 
Blockchain technologies have already demon-
strated their benefits in the also sensitive field 
of economics and cryptocurrencies.  Blockchain 
technologies are offering a decentralized net-
work maintained by users and allowing the de-
velopment of a stable and secure data set with 
which users can interact through transactions 
of various types. The opportunities offered by 
blockchain technologies to the clinical laborato-
ry and biobanking fields seem therefore evident. 

The use of tags and the internet  
of things to enhance operations

Intelligent, integrated and reactive systems re-
quire the capture of data. The applications of 
RFID and internet of things (IoT) allow this cap-
ture of data. Perspectives include connected 

and autonomous transportation solutions, accu-
rate tracking and real time management of the 
supply chain and services. The science of cloud 
computing will be the glue to collect, transfer 
and agglomerate the data generated by all the 
smart sensors and IoT.

Emerging technologies 
to unlock new possibilities

Emerging technologies are helping us to trans-
form the way (10,11). Even if the validation 
and harmonization of pneumatic tube systems 
remains a subject of discussion, this solu-
tion remains the preferred choice for hospital. 
Innovative pneumatic systems are carrier free, 
faster and could offer more options for mega-
laboratories. The use of robots and drones are 
also tested in hospital and laboratory networks 
for human samples transportation and transfer. 
Like cars, these new transportation solutions 
are becoming more and more autonomous. 
Transportation is also a field where sharing ve-
hicles and means is current practices and where 
public – private partnerships for a greener and 
cost-efficient ecosystem could stimulate. 

Co-creation and user experience 

Meeting the satisfaction and priorities of users 
is key and the evolution of the user experience 
is fundamental (15). Meeting the user’s expec-
tations means more personalized, faster and 
timeless services. The transcription of direct 
field observations to user-centered experiences 
is also an opportunity to improve patient safety. 
Our digital environment and hyper-connectivity 
reinforce the quest for more user centric experi-
ences. Therefore the use of agile and users expe-
riences methodologies will offer the possibility 
to re-design and co-create with the users them-
selves more users-centric solutions. The pro-
gresses of augmented reality will provide more 
option to sense the future experience and dis-
cover the benefits of future solutions, products 
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or services. Augmented reality, defined as the 
expansion of physical reality by adding layers of 
computer generated information to the real en-
vironment, allow now to have the information at 
the right time at the right place and offer mixed 
reality simulations for exploring the virtual and 
the real.

CONCLUSIONS 

The transforming ecosystem, the era of digitali-
zation and the needs to improve efficiency and 
users experiences are disrupting laboratory ser-
vices and operations. Such major ongoing chang-
es allow us to implement emerging technologies 
into practices, develop integrated and intelligent 
solutions, streamline and standardize structures 

and processes, and provide more personalized 
and real-time experiences. The transformation 
will also offer us the digitalization and integration 
of vertical and horizontal value chains through 
cloud computing, mobile devices and IoT plat-
forms. Safety, security and cost-effectiveness are 
pillars for the credibility and transferability of 
such smart digital laboratory environment. The 
future will also trigger novel human – machine 
interfaces and we will be the gatekeepers for this 
new “click to brick” ecosystem. 
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A R T I C L E  I N F O A B S T R A C T

Translating the power of high-throughput sequencing 
technologies from research area into clinical medicine 
is one of the major goal for several researchers and 
health-care providers. One of the important advan-
tages of these technologies is that they can be suc-
cessfully used in a numerous range of clinical appli-
cations. The efficiency of sequencing, that can now 
be achieved, is leading impressive progress in the di-
agnostics of common and rare genetic disorders, in-
herited forms of cancer, prenatal testing or infectious 
diseases, to cite some examples. Despite several chal-
lenges and limitations still remain to overcome, the 
high-throughput sequencing technologies are leading 
to real and unprecedented benefits for the medical 
care of patients.
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GENERAL OVERVIEW

Over the past decade great advances have been 
done in sequencing technologies. After Sanger 
Sequencing, the current gold standard ap-
proach, also known as dideoxy method [1], high-
throughput sequencing has been developed and 
widespread in biomedical laboratories. The first 
one allows to analyse one DNA segment at time 
in laborious and time-consuming way while the 
second approach has the great advantage of 
performing a simultaneous analysis of several 
genomic regions, with a dramatic reduction also 
of the cost of sequencing per base [2]. 

Today the high-throughput next generation se-
quencing (NGS) instruments mainly used in bio-
medical laboratories are the Ion Torrent sequenc-
ers (Life Technologies) and the Illumina platforms 
(Illumina) [3,4].

All NGS technologies are based on the same gen-
eral process, comprising template preparation, 
sequencing and data analysis. The unique com-
bination of specific technical details distinguishes 
one technology from another and determines the 
type of data produced from each platform [5]. 

After the extraction of DNA, the first step of the 
sequencing process is the library preparation, 
which consists on the ligation of DNA fragments 
to platform specific oligonucleotide adapters [2]. 
After that each fragment is immobilized and 
clonally amplified. In Life Technologies approach, 
clonal amplification is performed by emulsion 
PCR, in which DNA fragments are amplified on 
the beads surface in oil-aqueous mixture [6–8]. 
Illumina approach otherwise is based on a unique 
“isothermal bridge amplification” reaction that 
occurs on the surface of the flow cell [9]. 

For sequencing Life Technologies exploited the 
native dNTP chemistry during base incorporation 
by DNA polymerase, that relies hydrogen ions, 
causing the pH modification that is detected by a 
modified silicon chip [10]. Illumina sequencing is 

instead performed on a flow-cell and it is based 
on the existing Solexa sequencing by synthesis 
chemistry, based on the fluorescent detection 
released when the complementary fluorescently 
tagged nucleotides are incorporated [11]. 

In recent years, the advent of these benchtop 
NGS platforms on the marketplace has had an 
impressive impact in -omics, thanks to the huge 
amount of data obtained with a significant re-
duction of time and costs [12]. Indeed NGS has 
been applied in varied contexts, restricted not 
only to genomics but also to transcriptomics and 
epigenomics, such as in non-coding RNA expres-
sion profiling, finding transcription factor bind-
ing sites, RNA seq, ChIp-Seq or MeDIP, to cite few 
examples [13]. 

In research genetic studies NGS has been suc-
cessfully exploited to identify new causative 
genes or variants associated to inherited diseas-
es, especially in genetically heterogenous disor-
ders, whose genetic basis was partially unknown 
and in which gene-by-gene Sanger sequencing 
approach would not have been economical or 
efficient [2]. For this purpose, NGS has been 
applied to whole-genome, exome or targeted 
sequencing, leading to the improvement of the 
current knowledge of genetic basis of several 
pathologies, such as retinitis pigmentosa, car-
diomyopathies or inherited cancer [14–17]. 

More recently the widespread use of these rap-
id high-throughput technologies, the improve-
ment of their performance and the overcoming 
of initial technical limitations are encouraging 
their transition from basic research into clin-
ics with important benefits for routine patient 
management. 

USE OF NGS IN THE CLINICAL PRACTICE 

Now NGS is an established test method in many 
clinical laboratories, in particular for the detec-
tion of germline and somatic genetic mutations. 
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The analysis of causative mutations in inherited 
diseases is performed using different approach-
es, exploiting targeted panel, whole exome, 
whole genome or mitochondrial DNA sequenc-
ing [3,18,19]. More in details, targeted panel 
analysis is usually applied to genetic test for dif-
ferent genetically heterogeneous disorders, such 
as renal, neurologic, connective tissue disorders, 
cardiomyopathies, immune deficiencies, blind-
ness, deafness, and several forms of inherited 
cancer [15,18,20–23]. 

Even if the analyzed gene panel may vary be-
tween laboratories, target sequencing is the 
first approach of genetic test for inherited dis-
orders, while whole exome sequencing is ex-
ploited for negative cases, in which targeted 
testing has not been informative. Moreover, 
whole exome approach is useful in rare diseases 
for trio testing, sequencing the child and both 
parents [24–26]. 

In oncology, targeted testing is widely used, ex-
ploiting two different approaches. In the first 
one the targeted panel may be focused only on 
principle genes associated to a particular type 
of malignancy, for example BRCA1 and BRCA2 
gene for breast and ovarian cancer, while in the 
other one NGS approach allows to analyze a 
broader panel including genes associated with 
other cancers. Given the clinical overlapping 
between different forms of cancer, for example 
between ovarian cancer and Lynch syndrome, 
this latter approach may be useful to enhance 
the diagnostic yield [27–29]. In oncology, whole 
exome and whole genome sequencing are not 
currently used for clinical purpose, in order to 
avoid the potential risk of unactionable inciden-
tal findings [19,29]. 

More recently, several new NGS applications 
moved to the research area to clinical use, citing 
for example the analysis of cell-free DNA in the 
prenatal genetic-testing [30], circulating tumor 
DNA testing [31,32], human leukocyte antigen 

(HLA) typing [33], microbial analysis [19], RNA 
sequencing and expression [19], and methyla-
tion[19], even if there are yet some challenges 
to overcome. 

For example in HLA typing, it is difficult to differ-
entiate low-frequency alleles from high-frequen-
cy artifacts and newer data analysis approach or 
the development of instruments for single-mol-
ecule sequencing, called third-generation se-
quencers, are solving these limitations [33,34]. 

Today testing of circulating tumor DNA (ctDNA), 
often referred to as “liquid biopsy”, is now avail-
able in clinics [35,36]. One possible approach 
is NGS, that presents a lot of potential applica-
tions, including diagnosis of cancer, monitor-
ing for progression or relapse, and targeted 
therapy for a patient with a known cancer di-
agnosis [32,37,38]. Indeed, several studies have 
shown that ctDNA sequencing allows at first to 
detect somatic mutation in patients with known 
cancer diagnosis and then to monitor it in cor-
relation with the relapse and progression of 
disease [39]. Without doubt the detection of 
ctDNA using NGS presents the great advantage 
to be a reasonable alternative to the repeated 
invasive biopsies for patients with metastatic 
cancers. However, it still presents some limita-
tions due to a low sensitivity to detect early-
stage cancer (false negatives), limiting until now 
the practical use of ctDNA for early cancer diag-
nosis or screening [38].

Other clinical applications of NGS include phar-
macogenetics and microbial sequencing but 
these topics are beyond the scope of this article.

Although NGS is now widely used in clinics, sev-
eral challenges still remain to overcome. 

The main issues are, for example, the sequenc-
ing of genomic portions that are difficult to ana-
lyze, due their intrinsic features (pseudogenes, 
homologous regions, repetitive regions, GC-rich 
regions) and the limited ability to detect struc-
tural gene variation and copy number variation 
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(CNV) [40–43]. Sometimes the storage and the 
interpretation of huge amounts of sequence 
data, mainly of several novel or rare mutations, 
by trained health care professionals may be still 
an open challenge [44,45]. Moreover, a success-
ful NGS testing need a collaborative effort be-
tween geneticists and physicians to combine and 
integrate clinical data and genetic analyses to 
guide medical care of patient. 

CONCLUSIONS

NGS technologies have revolutionized biological 
research and have deeply transform the fields of 
diagnostic pathology and clinical medicine. In the 
future, the use of NGS in clinical laboratories will 
surely increase as technology and bioinformat-
ics, in order to address the current limitations, 
improve the quality of results, and increase the 
number of possible clinical applications. 

However, the challenge for clinical laboratories 
will be to perform the most appropriate ap-
proach of NGS testing taking into account the 
clinical relevance, cost-effectiveness and clinical 
care of patient. 
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A R T I C L E  I N F O A B S T R A C T

Since the discovery of non-coding RNAs (ncRNAs) 
a new area has emerged in the field of biomarkers. 
NcRNAs are RNA molecules of different sizes that are 
transcribed as independent genes or as part of protein 
coding genes and are not translated, therefore they do 
not produce proteins. They have been classified accord-
ing to their size and function and include microRNAs 
(miRNAs), piwiRNAs (piRNAs), snoRNAs and long non-
coding RNAs (lncRNAs). These non-coding RNAs are 
present in different cell compartments participating 
in multiple cell functions, but they have also been 
identified in biological fluids, also known as cell-free 
or circulating ncRNAs, where they can be detected in 
exosomes, bound on lipoproteins as well as free circu-
lating molecules. The role of circulating ncRNAs is still 
under investigation but are believed to be paracrine 
or endocrine messengers to systematically deliver 
signals between cells and tissues. Detecting ncRNAs 
in biological fluids has opened a new field in Clinical 
Chemistry utilizing them as biomarkers of diseases or 
prognostic markers for different pathological condi-
tions. Herein, the different types of ncRNAs and their 
potential in the field of diagnostics are outlined. 
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INTRODUCTION

Protein-coding genes have been studied thor-
oughly during the last decades, even though 
they represent only 1.5% of the genome, which 
can increase to 2% if untranslated regions 
(UTRs) are included. The remaining genome, the 
non-protein coding region has remained a ‘black 
box’ until recently when characterization of  
non-coding RNAs (ncRNAs) has emerged, due to 
the development of novel nucleotide sequenc-
ing technologies. The importance of the ncRNAs 
has become increasingly apparent and our 
knowledge on the significance and contribution 
of ncRNAs in development and disease patho-
genesis is expanding rapidly (1). NcRNAs can 
also explain phenotypic diversity between spe-
cies given the fact that i.e. protein-coding genes 
are very similar among mammals while their 
ncRNAs do not exhibit the same level of simi-
larity. The functional role of a class of ncRNAs, 
this of microRNAs (miRNAs), in cell physiology 
and human disease has been widely studied and 
acknowledged. In nearly all diseases miRNA ex-
pression pattern has been shown to differ both 
in tissues and extracellularly, contributing to dis-
ease pathogenesis. However, miRNAs are only 
the tip of the iceberg since additional ncRNAs are 
emerging as contributors of tissue homeostasis 
and regulators of cell function and fate. Hence, 
PIWI-interacting RNAs (piRNAs), transcribed 
small nucleolar RNAs (snoRNAs), ultraconserved 
regions (T-UCRs), large intergenic non-coding 
RNAs (lincRNAs) and the heterogeneous group 
of long non-coding RNAs (lncRNAs), are also key 
contributors to tissue homeostasis and disease 
pathogenesis. Among those, a significant num-
ber has been detected in biological fluids, allow-
ing their use as circulating biomarkers. 

Emergence of novel technologies has allowed to 
characterize sequences of ncRNAs in different 
healthy and diseased tissues as well as biologi-
cal fluids from healthy and diseased individuals. 

The most prominent and widely studied ncRNAs 
are miRNAs which are already utilized as disease 
biomarkers.

miRNAs AS BIOMARKERS 
OF HUMAN DISEASE

After the discovery of miRNAs and their first 
association with human disease sixteen years 
ago (2), their contribution in human disease has 
been established. miRNAs are ncRNAs 19-24 
nucleotides(nt) long, and control gene expres-
sion by targeting the 3’UTR of mRNAs leading 
them to degradation or inhibiting translation. 
Alternatively, miRNAs stabilize mRNA molecules 
and lead to more efficient translation, thus pos-
itively affecting gene expression (3). Changes in 
intracellular miRNA expression have been caus-
ally associated with multiple diseases includ-
ing cancer (4), neurodegenerative diseases (5), 
cardiovascular diseases (6) and more. Similar 
as well as distinct changes in miRNA expression 
pattern has been observed in the serum of pa-
tients, introducing detection of serum miRNAs 
as biomarkers of human diseases (7). MiRNAs 
are present in the serum in different configu-
rations; they are transported inside exosomes, 
bound on lipoproteins such as LDL and HDL, 
and also bound on proteins such as Argonaut 2 
(Ago2) (8).

All configurations allow miRNAs to be uptaken 
by distant tissues and cells, altering gene ex-
pression in the target cells. Initial studies were 
focusing in functionally relevant miRNAs but 
utilization of serum-specific miRNA arrays has 
led to the identification of additional diagnos-
tic and prognostic miRNAs. Recent work from 
our group has shown that miRNA levels in the 
serum are potential markers linking different 
diseases. For example, changes in miR-155-5p, 
miR-200a-3p, miR122-5p and miR-200c-3p 
are common determinants of male subfertil-
ity and metabolic disease, suggesting potential 
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common causal events and mechanisms (9, 10). 
MiRNAs in the circulation can transmit informa-
tion similar to that of cytokines, chemokines 
and hormones but with more specificity in tar-
geting gene expression in the recipient cell. In 
the context of inflammation, expression of miR-
NAs such as miR-155-5p and let-7 family in the 
serum may modulate expression of their target 
genes such as SOCS1 or TLR4, thus limiting det-
rimental effects of inflammation or augmenting 
anti-pathogen responses from distant cells and 
organs (11-14). 

piRNAs AS BIOMARKERS

PiRNAs are ncRNAs slightly larger than miRNAs 
having size of 24–30 nt and are characterized 
by their ability to bind to the PIWI subfamily of 
Argonaut family proteins which are involved in 
maintaining genome integrity in germline cells, 
primarily in those of the male (15, 16). PiRNAs 
are transcribed from genomic regions that con-
tain transposable elements and other repetitive 
elements and is believed that their function is to 
suppress those. PiRNA/PIWI complexes bind on 
transposable elements and inhibit their mobiliza-
tion either by cleavage of transposable element 
transcripts by PIWI proteins using a mechanism 
based on recognition of homology between 
piRNAs and transposable elements or through 
heterochromatin-mediated silencing of trans-
posable element transcription. PiRNAs, even 
though they are not abundant, they utilize the 
‘ping-pong’ amplification cycle based on PIWI 
proteins (such as PIWILI1, PIWIL1 and PIWIL4) 
resulting in generation of antisense molecules 
that repress transcripts. PIWI proteins are also 
involved in DNA methylation and piRNAs me-
diate epigenetic changes (17). PiRNAs are also 
expressed in additional cell types to germ cells 
including endothelial cells but their function 
remains to be elucidated (18). Recent reports 
have shown that piRNAs are present in biologi-
cal fluids, primarily in the seminal fluid and their 

expression has been associated to fertility (19). 
Whether soluble piRNAs are signals to medi-
ate information imprinting between cells is not 
known. Profiling of soluble piRNAs can provide 
functionally significant and, more importantly, 
cell-source specific biomarkers for diseases.

snoRNAs AS POTENTIAL BIOMARKERS

SnoRNAs is another family of ncRNAs of inter-
mediate size ranging from 60 to 300 nucleotides. 
They are components of small nucleolar ribonu-
cleoproteins (snoRNPs), which are complexes 
controlling sequence-specific 2′ O-methylation 
and pseudouridylation of ribosomal RNA (rRNA). 
RRNAs are post-transcriptionally modified in the 
nucleolus facilitating rRNA folding and stability. 
SnoRNA sequences are responsible for targeting 
the assembled snoRNPs to a specific target (20). 
Recently snoRNAs have been detected in biolog-
ical fluids and have been suggested to be useful 
as biomarkers (21, 22). Whether they possess 
functional significance in biofluids remains to be 
determined.

lncRNAs AS POTENTIAL BIOMARKERS

LncRNAs include a broad and heterogeneous 
family of non-coding RNAs defined by their size 
being over 200 nt long. LncRNAs are involved in 
a diverse array of biological processes. This fami-
ly is the largest family of ncRNAs including the 
largest portion of the mammalian non-coding 
transcriptome. The main function of lncRNAs 
is regulation of gene expression. Thus, lncRNAs 
mediate epigenetic modifications of DNA by 
recruiting chromatin remodeling complexes 
to target genes and therefore controlling their 
temporal and spatial expression (23). Among 
the known functions of lncRNAs, one involves 
regulating chromatin accessibility through his-
tone modification enzymes and RNA polymer-
ases. Physiological processes such as X chromo-
some inactivation occurs by the X-inactivation 
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specific transcript (XIST) lncRNA which recruits 
the polycomb complex to silence the X chro-
mosome from which it is transcribed. TSIX, an-
other lncRNA, is transcribed from the opposite 
strand to XIST and regulates XIST levels during 
X-chromosome inactivation (24). In addition, 
multiple lncRNAs are expressed by imprinted 
loci, where they contribute in genetic imprinting 
(25). A distinct family of lncRNAs are lincRNAs, 
which are transcribed from intergenic regions. 
LincRNAs control transcription, such as the p53 
regulated lincRNA, lincRNA p21, which is locat-
ed near the p21 gene and suppresses transcrip-
tion when p53 is activated upon DNA damage 
(26). LincRNAs do not only regulate expression 

of neighboring genes but also act on distant 
ones. Another family of lncRNAs is this includ-
ing lncRNAs transcribed from ultraconserved 
regions (UCRs). UCRs are conserved between 
vertebrates and are thought to date from a very 
early period in evolution. Some UCRs overlap 
with coding exons, although it is believed that 
more than half of the UCRs do not encode pro-
teins. The UCRs that are transcribed are termed 
T-UTRs (27). The length of UCRs ranges from 
200 to 80 nucleotides while T-UCRs have an un-
spliced length of up to 2kb. Their function re-
mains unknown and the expression pattern has 
not been determined in disease conditions to al-
low them to serve as biomarkers. 

Family of ncRNAs Size (nucleotides) Potential function Used as biomarker

miRNAs 19–24 Regulation of mRNA 
expression Yes, widely

piRNAs 26–31
Repression of transposons 

and DNA methylation in 
germ cells

Yes, limited

tiRNAs 17–18 Regulation of transcription no

snoRNAs 60–300 Regulation of rRNAs Yes, limited

PASRs 22–200 Unknown no

TSSa-RNAs 20–90 Transcriptional regulation no

PROMPTs <200 Transcriptional regulation no

lincRNAs >200 Chromatin regulation Yes, limited

T-UCRs 200-780 Regulation of miRNAs no

Other lncRNAs >200 
Transcriptional and 

epigenetic regulation of 
gene expression 

Yes, limited

Table 1 ncRNAs, their function and use as biomarkers
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OTHER ncRNAs AND THEIR 
POTENTIAL AS BIOMARKERS 

Different ncRNAs have been shown to associ-
ate with transcriptional initiation sites such as 
the promoter-associated small RNAs (PASRs), 
promoter upstream transcripts (PROMPTs), the 
Transcription Start Site-associated RNAs (TSS-
RNAs) and transcription initiation RNAs (tiR-
NAs) (28,29). The biological role of these ncRNAs 
is not well characterized but it is believed that 
they also regulate transcription. Another family 
of ncRNAs is this of telomeric repeat-contain-
ing RNAs (TERRAs), which are transcribed from 
telomeres (30). TERRAs regulate telomerase 
function and secure maintenance of hetero-
chromatin integrity (31). 

CONCLUSIONS

Since the initial characterization of non-coding 
RNAs and their identification as determinants 
on human disease pathogenesis, a new area in 
the field of biomarkers has emerged. Thus, our 
knowledge on the differential expression of dif-
ferent families of ncRNAs as well as their con-
tribution in tissue homeostasis will open a new 
field of biomarkers that could be measured both 
in tissues and in biological fluids, and support 
disease diagnosis and prediction. A bottleneck 
at the moment in the field is the availability of 
automated rapid detection methods of ncRNAs 
and the identification of the most important 
ones that will serve as biomarkers. A list of dif-
ferent types of ncRNAs, their size, function and 
whether are currently used as biomarkers is pre-
sented in Table 1.
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I N F O L E T T E R  TO  T H E  E D I TO R

Inborn errors of metabolism (IEM) comprise het-
erogeneous and rare genetic diseases with a vari-
ety of overlapping or unspecific clinical phenotypes. 
Multiple proteins with enzymatic, transporter, regu-
latory and other functions participate in the com-
plexity of metabolic pathways.

The breakdown of the normal function of some of 
these proteins may impair the metabolic state of 
an organism. These disruptions can generally be as-
sessed biochemically through the detection of me-
tabolites in different biological fluids.

However, the specificity and sensitivity of some of 
these biomarkers are not always high. IEM are, gen-
erally, severe diseases, and the accurate identifica-
tion of the molecular basis of these diseases is impor-
tant for appropriate patient treatment and genetic 
counselling.

Thus, even though the establishment of an IEM diag-
nosis is supported by clinical suspicion and biochemi-
cal investigations, genetic investigations also play a 
significant role. Genetic diagnosis in clinical practice 
has substantially changed in the past decade. The 
incorporation of next generation sequencing (NGS) 
technologies allows researchers, depending on the 
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selected strategy, to obtain the molecular se-
quence of the desired genes simultaneously, 
offering high-quality data. The utility of NGS in 
the clinical field has been widely demonstrated 
in different groups of diseases (1,2,3), but the 
actual debate encompasses two main points: 
the reinterpretation of the classical diagnostic 
algorithms and the chosen NGS strategy.

Today, regarding NGS strategies, targeted gene 
panels have been progressively replaced with 
larger panels, including all known disease-as-
sociated genes, or directly by whole exome se-
quencing (WES) (4). 

In terms of rare genetic diseases, the identifica-
tion of the genetic basis of disease is reached 
in 20 to 40% of patients using WES (5). Some of 
the reasons why up to 70% of patients might re-
main unsolved are explained by methodological 
issues like incomplete coverage of the exome 
and genetic mutations elusive to the technol-
ogy itself. However, in most of the cases, the 
disease-causing variant is within the WES data, 
but there is insufficient evidence to support a 
definitive diagnosis (5).

Whole genome sequencing (WGS) is the ideal 
framework, in which a unique approach pro-
vides the most complete knowledge of an indi-
vidual genetics, offering the possibility to ana-
lyze and interpret the genomic data along with 
the advances of scientific learning (6). 

In a recent work, we demonstrate the importance 
of biomarkers as a key clue for genetic diagnosis 
achievement (7). In spite of this, the most com-
mon picture in IEM is represented by a patient 
with unspecific clinical features and also unspe-
cific biomarkers. Although accurate character-
ization of clinical, biochemical and pathological 
patterns of patients are immensely valuable to 
understand genetic findings, NGS technology can 
be a step forward in terms of diagnostic issues. 
Some IEM are straight ahead to the causative 
gene, but others are not so easy to solve.

One of the most evident examples are CoQ defi-
ciency syndromes, which are defects of the en-
ergy metabolism system. Several proteins with 
unclear molecular functions facilitate CoQ bio-
synthesis through unknown mechanisms, and 
multiple steps in this pathway are catalyzed by 
currently unidentified proteins (8).

This intricate metabolic process implies unidenti-
fied enzymes and, there are several genes that 
remain to be identified as essential for CoQ bio-
synthesis regulation. Furthermore, negative find-
ings in COQ genes do not completely discard the 
possibility of a CoQ primary deficiency. 

Thereby, biochemical measurements maintain a 
significant role in the diagnostic strategy. The het-
erogeneity of clinical and biochemical patterns 
in this specific mitochondrial disease reinforces 
the idea of using widespread NGS strategies like 
huge genic panels or whole exome sequencing to 
reach molecular diagnosis. 

In conclusion, analysis and comprehension of ge-
nomic data must be closely connected to all the 
hints that classical biomarkers can offer, which is 
crucial information to guide the interpretation of 
an individual’s exome or genome.

REFERENCES

1. Wong LJ. Challenges of bringing next generation se-
quencing technologies to clinical molecular diagnostic 
laboratories. Neurotherapeutics 2013;10:262-272

2. DaRe JT, Vasta V, Penn J, et al. Targeted exome se-
quencing for mitochondrial disorders reveals high genetic 
heterogeneity. BMC Med Genet 2013;14:118

3. Ghosh A, Schlecht H, Heptinstall LE, et al. Diag-
nosing childhood-onset inborn errors of metabo-
lism by next-generation sequencing. Arch Dis Child 
2017;102(11):1019-1029 

4. LaDuca H, Farwell KD, Vuong H, et al. Exome se-
quencing covers >98% of mutations identified on tar-
geted next generation sequencing panels. PLoS One 
2017;12(2):e0170843

5. Sawyer SL, Hartley T, Dyment DA, et al. Utility of 
whole-exome sequencing for those near the end of the 



eJIFCC2018Vol29No3pp227-229
Page 229

Dèlia Yubero, Rafael Artuch
Letter: NGS for metabolic disease diagnosis

diagnostic odyssey: time to address gaps in care. Clin Gen-
et 2016;89(3):275-284

6. Petersen BS, Fredrich B, Hoeppner MP, et al. Opportunities 
and challenges of whole-genome and -exome sequencing. 
BMC Genet 2017;18(1):14

7. Yubero D, Brandi N, Ormazabal A, et al. Targeted Next 
Generation Sequencing in Patients with Inborn Errors of 
Metabolism. PLoS One. 2016;11(5):e0156359

8. Stefely JA, Pagliarini DJ. Biochemistry of Mitochon-
drial Coenzyme Q Biosynthesis. Trends Biochem Sci 
2017;42(10):824-843



eJIFCC2018Vol29No3pp230-233
Page 230

This is a Platinum Open Access Journal distributed under the terms of the Creative Commons Attribution Non-Commercial License which permits unrestricted 
non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Reflections on the mentor-mentee 
relationship: a symbiosis
Josep Miquel Bauça1,2

1 Department of Laboratory Medicine, Hospital Universitari Son Espases, Palma, Balearic Islands, Spain
2 Institut d’Investigació Sanitària de les Illes Balears (IdISBa), Spain

I N F O L E T T E R

Residents in laboratory medicine need to develop the 
proper skills to become true clinical scientists for the 
mid-21st century. A key figure towards expertise is the 
mentor, who is responsible for the motivation and 
guidance of the young scientist from the moment of 
their landing in the laboratory.

It is essential for the mentor to assure the expertise 
of the mentee in the different areas of wisdom in 
laboratory medicine, which encompass laboratory 
organization and management, analytical techniques 
(instrumentation and methodology) and clinical out-
comes (pathophysiology, test usefulness and appro-
priateness and result interpretation) (1). Towards this 
purpose, not only should the mentor guide the young 
scientist along the residency path, but also check and 
proof that the required concepts, aptitudes and abili-
ties were properly acquired and integrated. 

Every year, new analytical tools and devices are devel-
oped, and more sensitive and accurate biomarkers are 
brought from the bench to the clinic, so it is of utmost 
importance not only for the young clinical scientists 
but also for their senior mentors to keep up to date. 
Sail or sink. 
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The otherwise called ‘advisors’, ‘coaches’ or 
‘counsellors’ also need to motivate and encour-
age their mentees to be involved and master 
the three basic pillars of laboratory medicine: 
healthcare, research and teaching. Each of them 
is absolutely essential, and to outstand in our 
medical field, none of them should be forgotten 
(Figure 1). With no doubt, we all agree that pa-
tient care and safety are our ultimate goal and 
the reason we (laboratory professionals) wake 
up every day -earlier and more accurate diag-
nostic strategies, better prognostic tools and 
improved means to check the effectiveness of 
treatments and prediction of relapse. However, 
no excellence may be reached if not involved 
in scientific research and the transmission of 
knowledge to others. 

Besides the need of technological development 
in our field, the active participation of a young 
scientist in research projects and scientific 

discussions makes a resident more independent 
and gives them a powerful and critical thinking. 

Those who do not participate in research them-
selves are forced to believe what others say or 
tell them. Investigation may also help in-house 
method development and translate into inter-
esting economic benefits for the whole institu-
tion itself. Nevertheless, the taking-off and spe-
cialization of a young scientist in research are 
usually of extreme toughness, so the aid of the 
mentor is highly appreciated. 

And teaching. By preparing lectures to a big au-
dience, giving a presentation to our closest col-
leagues or simply by explaining basic concepts 
to students, a laboratory professional strength-
ens their knowledge on a specific topic.

As we prepare those explanations and anticipate 
possible questions, further concepts appear, and 
it is easier to secure them in our minds. 

Figure 1 Pillars in Laboratory Medicine
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Knowledge, advice and benefits do not flow 
only one-way from the (senior) mentor to the 
(young) mentee, but the profits do also trav-
el the other way around. Teamwork. Mutual 
growth. A proper mentorship represents a full 
commitment and creates an environment of 
trust and enrichment; a climate of collaboration 
between two professionals with common inter-
ests; a long-term biological interaction between 
two living organisms. An explicit and respectful 
alliance.

Thanks to an altruistic, generous and patient per-
sonality, the mentor learns from the mentee’s 
questions and novel ideas, and is intellectually 
stimulated as a result of the exposure to new in-
formation or to the relearning of past material; 
rejuvenation (2). 

The engagement and participation of both se-
nior and junior professionals in academic proj-
ects is also of substantial interest for the institu-
tion. The preparation of courses, the publication 

of research findings, the introduction of newly-
described analytical procedures and biomarkers 
in the laboratory and the participation in clin-
ically-focused meetings or committees, among 
other, helps to create this climate of well-being 
and enthusiasm for both. A great example of 
such win-win situation may be found in a previ-
ous manuscript on this journal (3). The mentor 
shapes the mentee, who in turn does shape the 
mentor. 

This two-way street demands attentive listen-
ing, defying the mentee with increasingly com-
plex challenges, giving them autonomy, let 
them take risks and face both wins and failures 
(4,5). This atmosphere requires a fluid commu-
nication with emotional support and psycholog-
ic encouragement. 

In addition to personal fulfillment, a publication 
for the mentee (whether article, book chapter, 
poster or oral communication in a congress) is 
a publication for the mentor; an award for the 

Figure 2 Requirements for good residency training

effort 
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mentee turns into a recognition for the people 
who made that possible and a grant or internship 
for them turns into a considerable opportunity 
for all the working group. 

Besides the guidance by a mentor, additional key 
contributions need to be made by the mentee 
him- or herself. According to Dr. A. Buño (Hospital 
La Paz, Spain), a successful residency and career 
in laboratory medicine requires fun, effort and 
humility.

We could also add that proficiency in the English 
language for non-English speakers means a great 
leap for them (Figure 2).

Fun is, by far, the most important. Happy, proac-
tive and passionate residents (not surprisingly) 
get luckier. Inspiration comes with fun. After all, 
a laboratory professional spends large amounts 
of time at work, so it is great advice to have as 
much fun as possible there. Effort: although it 
does not guarantee success, it has proven to be 
a great source of confidence. A smooth sea nev-
er made a skilled sailor, so no effort translates 
into no gain. 

And in regard to humility, scientists need to iden-
tify their limitations, value group work as well 
as individual collaborations, help others and 
not be afraid of making mistakes. Humans are 

error-prone, so residents are too. It is humility 
itself what enables the learning process. If own 
failures are not recognized, progress and growth 
are inconceivable. 

Embarking in a mentorship program will (sure-
ly) provide greater confidence and career sat-
isfaction for the mentor, along with stronger 
connections within the clinical biochemistry 
community. And for the mentee, success may 
be reached in any part of the world by integrat-
ing all the above-mentioned abilities, effort, 
enthusiasm, and with the irreplaceable feed-
back and advice from a trusted mentor. It just 
requires having fun. 
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I N F O L E T T E R

There is a need for stringent relationships between 
young scientists in laboratory medicine from all over 
the world and networking is the key to ensure a good 
communication and to encourage participation of 
young scientists.

In this aim, the task force for young scientists developed 
some ways of communication to extend the young sci-
entists network and uniting young scientists globally.

Our community includes the five core members ensur-
ing geographical representation, one corporate mem-
ber, corresponding members nominated by thirty-six 
different National Societies and also more than thou-
sand members through our different media. Thanks to 
our regular workshops for young scientists organized 
worldwide within the framework of IFCC&LM inter-
national or regional meetings, the community grows 
every year. 

Different kinds of social networking media are easily 
accessible on the web. More than six hundred people 
follow us on our Facebook page, Twitter account and 
our LinkedIn group, where we share our activities (@
ifccYOUNG). We communicate through our webpage 
(http://www.ifcc.org/task-force-young-scientists-web-
pages/) and mailing list which is a Google group 
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including more than 280 members (ifcc-task-
force-ys@googlegroups.com).

All this ways of communication are devoted to 
establish formal and informal networks to facili-
tate the communication between young scien-
tists who are involved in laboratory medicine. 

Our social medias facilitate regular exchange of 
information dealing with activities of the task 
force, moreover young scientists can submit in-
terrogations to the community when they are 
faced to a problem in their clinical practice.

Our best way of inter-laboratory exchange is the 
Lab-surfing project initiated in 2016. A success-
ful evening event dedicated to young scientists 
was conducted at EuroMedLab Paris congress in 
2015. Strong relationships between young del-
egates have emerged.

That’s how the two founders of the Lab-surfing 
project, Marie Lenski (France) and Santiago 
Fares Taie (Argentina) have met. They both like 
travelling and discovering foreign countries by 
themselves, meeting new people. They were 

interested in connecting young scientists and fa-
cilitating opportunities for them to share their 
experiences.

The Lab-surfing website (https://www.lab-surf-
ing.com/) was created the next year with the 
support of IFCC&LM through the task force for 
young scientists. Today, more than six hundred 
users are registered at the website.

For those interested in networking with young 
scientists from foreign countries, once regis-
tered, Lab-surfing is a tool where you can find 
a contact from the country of interest with only 
two clicks.You will find some information about 
the contact and can reach him directly by email. 
Last year, a discussion forum was created for 
improving fast and easy communication about 
the fields of laboratory medicine. 

Lab-surfing project encourage young scientists 
to exchange knowledge and to contribute to ad-
vances in our field of work. Our community aims 
at helping you to face the ongoing challenges in 
laboratory medicine. Join us! 

mailto:ifcc-taskforce-ys@googlegroups.com
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