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Epidemiological characteristics of HIV, 
HBV, HCV, syphilis, CMV, EBV and Toxo in 
Croatia 

Borislav Aleraj

Croatian National Institiute of Public Health (retired), Zagreb, 
Croatia

All infective diseases having a viremic phase can 
be transmitted via blood. However in the majority, 
this risk is routinely eliminated by avoiding febrile 
and manifestly ill persons as well as convalescents 
as blood donors. A challenge represent the infec-
tions tending to become chronic, and asympto-
matic but still having permanently or intermittent-
ly the causative agents in blood. A scientifically 
founded and rational tactics of routine blood test-
ing and aimed questioning of donors regarding 
their clinical and epidemiological anamnesis is 
crucial here in reducing transfusion infection risks 
to a minimum. Important influence has also the 
domestic epidemiological situation. According to 
wishes of the organizers, this article presents the 
current status and epidemiological characteristics 
of several selected diseases from the group of dis-
eases important for transfusion medicine in Croa-
tia, basing on data of the Epidemiology service of 
the Croatian national institute of public health. 
Here, in the Abstract, some of them can be men-
tioned: HIV/AIDS continues to show rather favora-
ble low incidence trend with very slow increase of 
total number of infected (prevalence), hepatitis B 
intensity is decreasing further, owing, among oth-
er, to systematic vaccination, hepatitis C trends are 
stationary, syphilis is rare and under control, but 
slightly increased numbers are observed in last 
two years, EBV infection i.e. infectious mononucle-
osis incidence oscillates at levels reached after 
decades of gradual increase, with a slightly marked 
upward trend. For a rational policy in donor selec-
tion and systematic blood testing, a constant in-
sight in epidemiological situation in Croatia, Eu-
rope and in the World is important, using reliable 
sources, like Croatian National Institute of Public 
Health, European center for diseases control and 
prevention ECDC, and the WHO.       
Corresponding author: borislav.aleraj@zg.t-com.hr

Options in diagnostics of blood-borne 
infections: yesterday, today and 
tomorrow 

Ivanka Mihaljevic
Croatian Institute of Transfusion Medicine, Zagreb, Croatia

In the first 50 years of the 20th century many diag-
nostically useful tests were developed. Primarily 
they were focused on making the diagnoses and 
therefore applied after a physician had narrowed 
the differential diagnosis to a short list of possibili-
ties. The main goal was diagnosis and treatment if 
possible. In the same period of time serology, as a 
laboratory discipline was established.    

The battery of methods for antibody later on and 
antigen detection was developed like gel precipi-
tation (immunodifusion, counterimmunoelectro-
phoresis), agglutination (direct, passive and inhibi-
tion), radioimmunoassay, enzymeimmunoassay 
(chemiluminiscence), flow cytometry etc. The sen-
sitivity of various immunoassays differed, and with 
each new method increased, as well as specificity 
by the use of monoclonal antibodies and recombi-
nant antigens. Test evaluation for given clinical 
field settings to ensure quality is become common 
laboratory practice. 

In the 21st century, with automation and molecu-
lar probe techniques and bioinformatics, clinical 
laboratory has shifted from diagnosis to progno-
sis, risk stratification, treatment selection and pa-
tient monitoring. Rapid developments of molecu-
lar tests enabled studies of infectious diseases at 
the molecular level. Genomes of numerous patho-
gens and their vectors are sequenced helping sci-
entist to understand how viruses enter the cell and 
replicate, if they react with the cell proteins, how 
pathogen evade immune defense and what is the 
mechanism of virulence. Next Generation of Se-
quencing (NGS) after the human genome map-
ping open the new era in laboratory medicine 
which is not only focused on pathogen characteri-
zation but also host oriented to identifying human 
genetic cause of susceptibility to particular infec-
tious disease. Laboratories today are at the begin-
ning of the huge transformation which include not 
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only methods, instruments, bioinformatics imple-
mentation but new generation of laboratory med-
icine specialist or multidisciplinary specialist’s 
team. 

Corresponding author: ivanka.mihaljevic@hztm.hr

Molecular diagnostics of viral blood 
transmissible infections

Jasna Bingulac-Popovic
Croatian Institute of Transfusion Medicine, Zagreb, Croatia

Nucleic acid amplification techniques (NAT) for vi-
ral testing have experienced a rapid development 
during the last 30 years and have been revolution-
ized the diagnosis of infectious diseases, particu-
larly viral diseases. NAT has reduced the use of viral 
culture based methods and serological assays, be-
cause of faster turnaround time and significant 
shortening of window period. The introduction of 
fully automated platforms has allowed molecular 
diagnostic laboratories to report sensitive and ac-
curate results. The goals obtained by NAT provide 
fast, highly sensitive, specific and accurate results 
which improve patients following and care. The 
use of molecular techniques such as real-time PCR 
or polymerase chain reaction with sequence spe-
cific oligonucleotide probes (PCR-SSOP) for virus 
detection, genotyping and quantification have 
high sensitivity, reproducibility and a broad dy-
namic range. A great number of qualitative and 
quantitative molecular virus assays, mostly based 
on RT-PCR technology have been described. Auto-
mation of these methods provides analysis of 
smaller volume of sample, ease performance and 
speed, low contamination risk, as well as better 
standardization.

The risk of transfusion-related infections dates 
back to the historical beginning of large scale 
transfusions in 1900s years. Because of potential 
transmission of virus during window period, NAT 
testing have implemented in many developed 
countries in blood screening. Monitoring the re-
sidual risk of systematically screened viruses, i.e. 
HIV, HCV and hepatitis B virus, is a priority for 

blood transfusion all over the world. Emerging/re-
emerging agents are also the subject of active sur-
veillance because some of them have been proven 
to be transmissible by blood, such as the West Nile, 
Chikungunya and Dengue viruses. Microarrays 
and advanced sequencing systems with highly so-
phisticated software’s, contribute to the faster cor-
relation between virus significant for transfusion 
medicine and the disease.  This lecture will focus 
on the application of different molecular technol-
ogy in the viral molecular diagnostic laboratory in 
transfusion service.

Corresponding author: jasna.bingulac-popovic@hztm.hr

Serological diagnostics of blood-borne 
infections

Manuela Miletic Lovric
Croatian Institute of Transfusion Medicine, Zagreb, Croatia

Reported blood-borne infections (BBI) are due to 
prion, viral, bacterial, rickettsial, protozoan and 
nematode agents. Obligatory serology tests in 
Croatian blood donors testing are HBsAg (Hepati-
tis B Surface Antigen), anti-HCV (antibodies to 
Hepatitis C virus), HIV Ag/Ab (simultaneous detec-
tion of antigen and antibodies to Human Immuno-
deficiency Virus type 1 and/or 2) and anti-TP (anti-
bodies to Treponema pallidum), and for organ do-
nors also anti-CMV (cytomegalovirus), anti-EBV 
(Epstein-Barr virus), and anti-Toxo (T. gondii). Clini-
cal serology testing includes also hepatitis A and 
D, HTLV-I/II and Borrelia burgdorferi. Soon and hep-
atitis E testing.

Serological diagnostics of BBIs from the 1970s to 
the present has experienced tremendous progress 
in the development of new methods, new markers 
and highly sensitive tests. It has had 3 phases and 
each of these phases lasted approximately one 
decade, and led to the decreasing of post-transfu-
sion infection risk as well as morbidity. 
Today serological diagnostics of BBI include sever-
al tests in combination. For example, highly sensi-
tive and specific screening tests, and in the confir-
mation algorithms the combination of immunoas-
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says (IA) and immunoblot (IB) tests. Confirmation 
of primary test reactivity of blood donors or pa-
tients includes for: a. HBsAg a combination of 2 IA 
tests (ELISA/CMIA and, if necessary, ELFA), the 
quantitative HBsAg and neutralization test, b. HCV 
a combination of  2 IA, anti-HCV and HCV Ag/Ab 
(ELISA/ELFA) and 2 different IB tests, and optional-
ly HCV Ag, c. HIV a combination of 3 HIV Ag/Ab as-
says (ELFA/ELISA/CMIA) and anti-HIV, HIV-Ag and 2 
different IB tests, d. Syphilis (anti-TP) - so-called re-
verse algorithm: a combination of highly sensitive 
total anti-TP tests and IgM antibodies (ELISA/CMIA) 
then non-treponemal test – RPR (Rapid Plasma Re-
agin), less sensitive treponemal test –TPHA 
(Treponema Pallidum Hemagglutination Assay) 
and 2 different IB tests. For other HBV markers, e.g. 
anti-HBc and anti-HBe, when the reactivity of 
these tests are outside the conventional serologi-
cal profile (e.g. anti-HBc only positive or only anti-
HBe positive) or is weak reactive, 3 different tests 
are used and then for the final result we have a 
rule “2 of 3”. Confirmatory anti-HBc test would be 
of great help.

Serological diagnostics algorithms of BBI, men-
tioned above, with implemented ISO 15189, have 
great diagnostic and prognostic value (therapy 
monitoring, seroconversion or seroreversion, the 
success of vaccination) and give a fast and reliable 
results to the patients and their doctors.

Corresponding author: manuela.lovric@hztm.hr

Liver transplantation in HBV and HCV 
infection – laboratory follow up

Tajana Filipec Kanizaj

University Hospital Merkur, Zagreb, Croatia
School of Medicine, University of Zagreb, Croatia

Chronic HCV has emerged as the most common 
indication for liver transplantation in western 
world. In Croatia it represents the second most 
common indication (15% of all patients). HBV dis-
ease is less common (up to 5%).

Post-transplant disease recurrence occurs in nearly 
all patients with detectable pretransplant viremia, 
compromising the lifesaving significance of trans-

plantation. Disease progression is accelerated in 
post-transplant patients. Of those with HCV dis-
ease recurrence, 10-30% develop cirrhosis within 5 
years and have diminished survival rates of 41% 
and 10% at 1 and 3 years, respectively. The most 
detrimental pattern of HCV and HBV disease recur-
rence is fibrosing cholestatic hepatitis, occurring in 
7-15% of recipients and leading to early graft fail-
ure, decompensation and death.

Follow up diagnostic procedures performed to 
transplanted patients are directed to recognition 
of signs of early and late posttransplant complica-
tions. Early period is mainly compromised with 
surgical complications, bacterial infections and 
acute cellular rejection. Later follow up period (af-
ter 6 months) is predominantly directed to recog-
nition and treatment of recurrence of primary dis-
ease (including HCV and HBV hepatitis) and com-
plications of immunosuppressive therapy. 

Diagnostic methods related to diagnosis of HBV 
and HCV infection in transplant patients are not 
different than to overall population. However, over-
lap between laboratory findings in disease recur-
rence with other posttransplant complications 
brings close patient and viral infection follow up to 
highest importance. Interpretation of all other labo-
ratory and morphological diagnostic findings in-
cludes assessment of molecular and serological 
markers of viral infection. Of great importance is 
close follow up of patient under antiviral treatment. 
Except from overall applicable treatment follow up 
rules in general population, it is of great impor-
tance to stress out the importance of regular HBV 
viremia and HBs antibody/antigen assessment 
while on antiHBs immunoglobulin prophylaxis.
Corresponding author: tajana_filipec@yahoo.com

Analysis and results of serological testing 
of solid organ donors 

Ivanka Mihaljevic
Croatian Institute of Transfusion Medicine, Zagreb, Croatia

The success of transplantation and graft survival 
are closely related to the absence of infection of 
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recipient by infected graft, reactivated recipient’s 
latent infections, nosocomial infections and com-
munity acquired. The exact risk for infection asso-
ciated with organ transplantation is unknown but 
correlates with multiple factors, including epide-
miology of specific infectious exposures, tissue 
tropism, and transmissibility of potential patho-
gens through transplantation and from the recipi-
ent side it depends on type of immunosuppres-
sion therapy and degree of achieved immunosup-
pression. The incidence of postransplant infec-
tions in the USA, the country with the highest 
number of transplanted organ (app. 30000 / year) 
is estimated at 1%. There are several reports of in-
fections transmitted through transplanted organs. 
They include viruses: hepatitis B and C, herpes vi-
ruses, human T-cell lymphotropic viruses (HTLV) 1/ 
2, West Nile virus, rabies, LCMV, polyomavirus BK/
JC, HPV, parvovirus B19, HIV, bacteria: mycobacte-
ria, meningococcus, T.pallidum, and parasites: Plas-
modium spp., Babesia, Toxoplasma gondii, Trypano-
soma cruzi, S stercoralis and several types of fungi. 
Current organ safety rely on reviewing the donor’s 
medical history and quality of blood transmissible 
disease mandatory testing. Organ donor testing 
includes serologic tests for HIV, HBV, HCV, CMV, 
EBV and nonviral agents T. gondii and T. pallidum, 
and more and more frequently also nucleic acid 
tests (NAT) for HIV, HCV and HBV. Guidelines are 
made to outline the appropriate blood collection 
and transportation, screening processes and re-
sults validation to minimize organ loss due to in-
correct testing results. Croatian Institute of Trans-
fusion Medicine (CITM) provides mandatory test-
ing (serology and NAT) for the entire country. 
There was no confirmed cases of pathogen trans-
mission by grafted solid organ due to testing fail-
ure.  Prevalence of HIV, HBV, HCV and syphilis in 
solid organ donors is low and expected as it is 
high prevalence of ubiquitous pathogens like 
CMV, EBV. 

Corresponding author: ivanka.mihaljevic@hztm.hr

Characteristics of molecular testing of 
blood and organ donors 

Ivana Babic
Croatian Institute of Transfusion Medicine, Zagreb, Croatia

Implementation of molecular testing, better 
known as nucleic acid testing (NAT), in screening 
of blood donors began at the end of the past cen-
tury. It represents a routine screening test in most 
of the world’s developed countries which greatly 
reduces risk of viral infection transmission by short-
ening a window period. NAT is performed for three 
viruses of great importance for transfusion medi-
cine; hepatitis B, hepatitis C and human immunode-
ficiency virus (HBV, HCV, HIV). Some countries im-
plemented also NAT for Parvo B 19 and hepatitis A 
and E virus due to plasma fractionation require-
ments.  West Nile, Dengue and chikungunya virus 
are being tested with NAT in some endemic regions 
with emerging pathogens infection present. De-
pending on state regulation and viral infection 
prevalence, testing is performed in mini-pool NAT 
(MP-NAT) or NAT on individual donation (ID-NAT). 
Commercial NAT test for screening are based on 
multiplex real-time PCR or TMA methodology. They 
are fully automated and robust. Operators must be 
highly trained, following a strict rules regarding 
workflow and workspace to avoid cross-contamina-
tion and obtain high specificity and sensitivity of 
testing.

In organ transplantation it is of great importance to 
avoid the transmission of blood-borne viruses to 
the recipient. Although it is not mandatory in most 
of the countries, routine NAT testing of organ donor 
greatly reduces the risk of HBV, HCV and HIV trans-
mission. When the organ donor is infected, by add-
ing more molecular tests it is possible to establish 
valuable information on viral genotype and load. 
For NAT testing of heart- and non-heart beating 
organ donors, the quality of sample has to be ob-
tained in order to avoid presence of inhibitory 
substances and false negative results. In March 
2013. Croatia has started with routine NAT testing 
of voluntary blood donations, autologous dona-
tions and organ, tissue and steam cells donors.

Corresponding author: ivana.babic@hztm.hr
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Quality assurance in accredited serology 
laboratory: a brief overview

Manuela Miletic Lovric

Croatian Institute of Transfusion Medicine, Zagreb, Croatia

Quality assurance in accredited serology laborato-
ry due to ISO 15189 is monitoring of entire process 
of diagnostics of infections which starts and ends 
with the patient.  It should be used to identify pro-
cedural and technical problems, check the adequa-
cy of current techniques and/or tests, establish the 
frequency of errors and to increase confidence in 
the procedures and reports given by the laboratory. 

Quality assurance in Diagnostic virology and serol-
ogy laboratory, is given by the UK Standards for 
Microbiology Investigations, Issued by the Stand-
ard Unit, Microbiology Services Division, Health 
Protection Agency. It includes: quality assessment 
(QA), quality control (QC), monitoring of laborato-
ry equipment (MLE) and audits. But, to meet the 
requirements of ISO 15189 quality assurance 
should consist of well established: 1. QA - QA or 
proficiency testing usually includes External Quali-
ty Assurance (EQA): National External Quality As-
sessment Schemes (NEQAS) and/or External Quali-
ty Assessment Schemes (EQAS), and Internal Qual-
ity Assessment Scheme (IQAS), 2. QC - includes kit/
test controls and internal QC controls (IQC); IQC 
samples should be included in all assays per-
formed in the laboratory for validation of test kits 
and equipment, 3. equipment validation/qualifica-
tion master plan – identify the processes or stages 
where equipment is involved; for each stage iden-
tify: failure mode, cause, effect and detection – risk 
assessment and after that schedule for equipment 
validation/qualification, 4. measurement uncer-
tainty – define the performance requirements for 
accredited methods/tests; use possible measured 
quantity values, e.g. S/CO values and calculate CV 
and SD, 5. risk analysis – evaluate the impact of 
work processes on results, eliminate the identified 
risks and document decisions and actions taken, 6. 
quality indicators – for all laboratory phases, which 
should be periodically reviewed, 7. personnel cer-
tification – job description, continuos training pro-
gram and evaluation, 8. audits.

Assessment and risk management in the 
molecular diagnostic laboratory

Jasna Bingulac–Popovic

Croatian Institute of Transfusion Medicine, Zagreb, Croatia

Risks that may occur during the daily routine work 
in molecular diagnostic (MD) laboratories are as-
sembly and the possibility of harmful effects, fac-
tors and events that can lead to errors in the work 
and result with wrong lab reports. The risk assess-
ment is a systematic quality control process of re-
sponsible experts or team. They could identify 
(define) risk, work on its analysis and evaluation,  
on control and monitoring, introduce the meas-
ures to reduce the perceived risk which provides 
better control of the whole working process in the 
MD laboratory. Responsible team should make an 
analysis of the whole working process to find the 
critical points and causes that contribute to the er-
rors, which will reduce the risk and prevent wrong 
lab reports. Team should also take in consideration 
the current and potential non-compliance. Risks 
are divided according to the phases of the work-
ing process on the pre-analytical, analytical and 
post-analytical. The most numerous risks occur in 
the analytical phase can be categorized on the 
risks due to equipment failures or due to human 
error. Risk management in MD is the process of se-
lection and control the safety procedures to 
achieve an acceptable level of safety which in-
creases the probability of achieving the goal, time-
ly and accurate lab report. The team responsible 
for the assessment and management of risk on the 
basis of their experience assesses and evaluates 
each risk as uncertainty in the work that can result 
in a deviation from the expected results. Risk man-
agement should be a comprehensive, systematic, 
continuous, proactive, flexible and forward-look-
ing. This improves the working efficiency of em-
ployees, environmental protection and delivery of 
wrong lab report reduce to a minimum. The lec-
ture will focus on examples of daily risks in MD lab-
oratory which could be obtained and avoid if their 
origin and risk management is well defined and 
followed.
Corresponding author: jasna.bingulac-popovic@hztm.hr
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