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Introduction

The safety of blood and blood components continues to raise 

debate all over the world. In the past few decades, many measures 

have been introduced in order to reduce the risk of transmission 

of blood-borne viruses [1]. In the early 1990s, nucleic acid ampli-

fication testing (NAT) expanded rapidly, and blood centers 

started testing blood units using molecular assays. Before becom-

ing mandatory, it was used on a voluntary basis. Germany was the 

first country to introduce NAT screening in 1997 on a routine 

basis, with negative NAT results required prior to the release of 

blood components. Initially, the methodology included ‘in-house’ 

developed semi-automated testing for HBV, HCV, and HIV-1, 

but NAT screening for HCV and HIV-1 became mandatory in 

1999 and 2004, respectively [2, 3]. Several other countries fol-

lowed Germany and introduced NAT screening primarily for 

HCV and then for HIV-1 genomes (Austria, Canada, Ireland, 

Japan, The Netherlands, Spain, Switzerland, the UK, and the 

USA). Japan and Austria were the first countries that imple-

mented mandatory HBV NAT testing in 1999, followed by global 

implementation of HBV NAT screening after 2004. The low ex-

pected yield and clinical value of interdiction of seronegative 

HBV infections were the main reason for delayed implementation 

of HBV NAT [2, 4]. Over years, NAT testing became mandatory 

in western countries and began to be performed with commercial 

CE-marked NAT systems in multiplex format, detecting all three 

viral genomes on automated testing platforms. At the beginning, 

the majority of countries started NAT testing in minipools (MP-

NAT) of 96–16 pooled samples, however, there was progression 

towards smaller pools of 6 to individual donations (ID) in order 

to enhance testing sensitivity [5]. Compared to the existing 

HBsAg assays, MP-NAT reduced the window period (WP) of 
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Summary
Background: Croatia implemented individual donation 
(ID)-NAT testing of blood donors in 2013 for three vi-
ruses HBV, HCV, and HIV-1 as a mandatory test for all 
blood donors. This study assessed the impact of NAT 
screening 3 years after its implementation. Methods: A 
total of 545,463 donations were collected and screened 
for HBV, HCV, and HIV-1 using the Procleix Ultrio Plus 
Assay. All initially reactive (IR) NAT samples were re-
tested in triplicate and, if repeatedly reactive (RR), NAT 
discriminatory assay (dNAT) was performed. ID-NAT 
positive donations were confirmed by RT-PCR on the 
COBAS AmpliPrep/TaqMan platform. Results: Out of 
545,463 samples tested, 108 (0.02%) were RR in NAT. 
There were 82 (75,9%) HBV reactive, 16 (14.8%) HCV re-
active, and 10 (9.3%) HIV-1 reactive samples. 51 (47.2%) 
samples were ID-NAT positive only. Out of these 51 NAT 
yield cases, 1 window period HIV-1 and 50 occult HBV 
infections (OBI) were determined. There were only two 
potential HBV DNA transmissions from OBI donors. 
 Conclusion: The implementation of NAT screening for 
three viruses has improved blood safety in Croatia. Dur-
ing the 3-year period, 1 window period HIV-1 and a num-
ber of occult HBV donations were identified.
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HBV infection by 9–11 days, and ID-NAT reduced the WP by 

25–36 days, which indicates that ID-NAT would have a higher 

yield than MP-NAT in case of HBV infection. The difference was 

due to the pooling dilution effect that diminishes assay sensitivity 

[6–11]. However, MP-NAT strategies are still preferred due to the 

cost-benefit analysis in some western countries where the preva-

lence of the tested virus is low. Even though the risk of transfu-

sion-transmitted infections (TTIs) had been reduced significantly 

by sensitive serologic blood screening and introduction of strin-

gent donor selection criteria in Croatia, the risk of TTIs still per-

sisted. The greatest challenge for transfusion medicine is the risk 

of HBV transmission due to persistent occult HBV infection 

(OBI) with very low HBV DNA viremia in which HBsAg is not 

detectable. For this reason, and based on the Croatian epidemio-

logical situation and analytical/clinical performance data of man-

ufacturers for NAT testing of blood donors, the national blood 

transfusion committee of Croatia decided to implement manda-

tory ID-NAT testing in March 2013 as a routine blood screening 

program, in concordance with serologic screening. The project 

was implemented as a part of restructuring and centralization of 

the Croatian blood service. The aim of this study was to evaluate 

the results of ID-NAT testing during a 3-year period and to ana-

lyze the NAT yield rate of HBV, HCV, and HIV-1 screening in 

Croatia.

Material and Methods

Collection of Blood Donor Samples and Delivering to the Croatian Institute 

of Transfusion Medicine

All blood donations collected at the blood centers and mobile units across 

Croatia in the period from March 1, 2013 until March 1, 2016 were donated by 

voluntary non-remunerated blood donors. Serology and ID-NAT tests were 

performed concurrently using two different samples. Testing was performed at 

the Croatian Institute of Transfusion Medicine (CITM), Department of Molec-

ular Diagnosis in Zagreb, the only NAT testing site in Croatia using the Procleix 

Ultrio Plus Assay on three Procleix Tigris System instruments (Grifols, Spain). 

Test results were then distributed through the e-Delphyn, national transfusion 

IT system that interconnects all 8 blood centers (Split, Dubrovnik, Osijek, Ri-

jeka, Pula, Varaždin, Zadar, and Zagreb) in Croatia. 

ID-NAT Testing Methodology, Algorithm at the Croatian Institute of  

Transfusion Medicine and Residual Risk Calculation 

The Procleix Ultrio Plus Assay is a multiplex NAT test for simultaneous de-

tection of HBV DNA, HCV RNA, and HIV-1 RNA. The 95% probability of de-

tecting each of the three viruses was similar between the Procleix Ultrio Plus 

assay and the discriminatory assay, i.e. 21.2 versus 18.9 IU/ml, 5.4 versus 4.4 

IU/ml and 3.4 versus 4.1 IU/ml for HIV-1, HCV and HBV, respectively. The 

algorithm of ID-NAT testing at the CITM is presented in figure 1. We decided 

to implement anti-HBc testing (Architect; Abbott Diagnostics, Abbott Park, IL, 

USA) for each initially reactive (IR) repeatedly non-reactive (NRR) donation to 

improve the sensitivity of OBI detection in blood donors.

The follow-up testing included routine and confirmatory NAT and sero-

logic testing – for HBV HBsAg tests (ELISA/CMIA and, if necessary ELFA), the 

quantitative HBsAg and neutralization test, all HBV markers; for HCV a com-

bination of anti-HCV and HCV Ag/Ab (ELISA/ELFA), optionally HCV Ag, 
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algorithm at the CITM.
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imunoblot test (if needed 2); for HIV-1 a combination of 3 HIV Ag/Ab assays 

(ELFA/ELISA/CMIA) and anti-HIV, HIV-Ag and imunoblot test (if needed 2). 

Confirmatory testing and detection of viral load with an alternative NAT 

method was performed in the incriminating donation and in the follow-up 

sample with COBAS Ampliprep/COBAS TaqMan RT-PCR tests, v 2.0, for 

HBV, HCV, and HIV-1, with detection limits of 20 IU/ml for HBV, 15 IU/ml 

for HCV, and 20 cp/ml for HIV1 RNA (Roche Diagnostics, Indianapolis, IN, 

USA). In a case of OBI, discriminatory HBV assay was performed on plasma 

bags in 5–20 replicates, and ‘in-house’ nested PCR amplification of HBV pre-S 

and S gene was performed in 3 replicates. ID-NAT archive is stored at –25 ° C 

for at least 2 years. 

Residual risk for TTI based on ID-NAT was calculated according to pro-

posed WHO guidelines [12].

Trace-Back and Look-Back Procedures

Donor-directed look-back (LB) procedures were initiated when confirmed 

viral infection in repeat donor was established. From our IT database we re-

trieved all data on the incriminating donations. In case of HBV, HCV and 

HIV-1 NAT and/or serology-positive units, we tested all recipients of the last 

negative donation. If the blood recipients deceased or were unreachable, then 

donors’ archived samples were thawed and tested by ID-NAT for the presence 

of viral markers. In a case of confirmed OBI, we tested all available archived 

samples and then all reachable recipients of HBV-positive donations deter-

mined during LB procedure. 

Results 

A total of 545,463 donations were collected and tested for HBV, 

HCV, and HIV-1 during the 3-year period. The overall specificity 

was 99.95%, and the rate of invalid runs was around 2%. The re-

sults of NAT testing were delayed 31 times from optimal validation 

time (9.30 a.m. day 1) by not more than 10 h. Hardware failure on 

Tigris instruments or other problems in testing (28/31, 90%) was 

one of the main reasons for delay of the results. We found 322 

(0.06%) ID-NAT IR samples: 214 (0.04%) were found to be false-

positive, and 108 (0.02%) were ID-NAT repeatedly positive blood 

donations. All IR donations were discarded in order to avoid po-

tentially low-level viremic units missed by repeat testing. There 

were 51 ID-NAT only positive donations (50 HBV NAT and 1 

HIV-1 NAT positive blood donors). NAT yield cases were pre-

dominantly HBV NAT reactive; they were  later found to be anti-

HBc positive, and determined as OBI infections. WP was deter-

mined for 1 HIV-1 NAT positive donation. The highest prevalence 

of reactive blood donor samples was recorded in the CITM 

(56/108), as it the most important blood center that collects and 

distributes approximately 56% of total blood supply in the country. 

Table 1 shows the number of interdicted infectious blood units ac-

cording to serology and ID-NAT testing. Among 108 RR ID-NAT 

donations, 16 (14.8%) blood donations were HCV-NAT and anti-

HCV reactive, 9 (8.3%) donations were HIV-1 NAT and HIV Ag/

At reactive, 1 donation was HIV-1 NAT only reactive (0,9%), and 

82 (76%) blood donations were HBV-NAT reactive. All ID-NAT 

yield cases for HBV were OBIs (50/82), defined by the presence of 

HBV DNA in the absence of HBsAg. Viral loads in individual do-

nations ranged from <2.00 × 101 to >1.7 × 108 IU/ml for HBV, 

from 3.64 × 103 to 7.89 × 106 IU/ml for HCV, and from 1.82 × 102 

to 9.93 × 104 C/ml for HIV-1. In all cases of NAT positive / serol-

ogy positive samples as well as in the WP HIV 1 infection, follow-

up samples were also positive when tested with an alternative NAT 

method. 

We estimated the risk of viral TTI in blood donations collected 

in Croatia from 2013 to 2016. Calculation of TTI residual risks in-

cluded 481,389 blood donations from repeat donors along with 45 

HBV-DNA, 1 HCV-RNA and 6 HIV-1 RNA positive donations 

from repeat donors. The established interdonation interval was 156 

days. The residual risk of HBV TTI was 1: 36,900 (with adjustment 

for transient HBsAg), that of HIV-1 TTI 1: 1,567,398, and that of 

HCV TTI 1: 15,015,015. 

OBI among Tested Donations

The prevalence of OBI was much higher among repeat donors 

45/50 (90%). The majority of OBI carriers were males (43/50, 86%), 

which is in accordance with sex distribution of the general blood 

donor population, and they were generally older than the total 

donor population (median age 58 years). ID-NAT testing for OBI 

cases showed reproducibility of 59% when repeat testing in tripli-

cate was performed. Overall, 29 donor samples had 2–3 positive 

replicates and 21 samples only 1 replicate positive, when tested in 

triplicate. This was explained by determining blood donor samples 

with a very low HBV-DNA titer. Only 38/50 blood donors with OBI 

had positive ID-NAT test in follow-up sample, and 9/50 had nega-

tive ID-NAT result, while 3 samples are still in process. There were 

considerable fluctuations in donor viral load over time. Only 3 do-

nors had a measurable HBV-DNA titer (ca. 10 × 102 IU/ml) in their 

follow-up sample. In 20 follow-up confirmatory samples, the titer 

was reactive at <20 IU/ml HBV DNA, whereas in another 20 blood 

donors we were not able to detect HBV DNA in follow-up samples, 

which could be explained by extremely low (1–5 IU/ml) and fluctu-

ating HBV DNA titers close to the method detection level. Four 

follow-up samples did not have enough material for HBV DNA 

confirmation, and 3 are still in process. Almost all blood donors 

with OBI were anti-HBc positive (98%) and in some cases (50%) 

anti-HBs and/or anti-HBe positive. The levels of anti-HBs ranged 

between 9 and 784 IU/l. Finally, during the 2013–2016 period, 50 

HBV positive donations were discarded according to NAT only, 

yielding an incidence of OBI infection of 1 per 10,900 donations. 

Prevention of HIV-1 Infection Transmission in the WP

One ID-NAT only positive donation given by a 54-year-old 

 repeat donor was determined by routine ID-NAT testing and 

Table 1. Number of repeatedly reactive blood units interdicted during 3 

years in Croatian blood supply according to ID-NAT and serology

Testing Number of repeated reactive blood units

HBV HCV HIV-1

NAT and serology 32 16  9

Serology  1  6  0

ID-NAT only 50  0  1

Total 83 22 10
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identified as a WP HIV-1 infection. HIV-1 RNA quantitative 

assay confirmed the presence of the virus in a load of less than 2.00 

× 101 C/ml. Routine serologic screening test for HIV Ag/Ab (Ab-

bott Prism HIV Ag/Ab Combo, Abbott Diagnostics) was negative 

as well as all confirmatory tests including alternative HIV Ag/Ab, 

anti-HIV-1/2, HIV-1 p24 Ag and anti-HIV-1/2 immunoblot 

assay. The follow-up blood sample obtained 6 days after the in-

criminating donation showed an increasing titer of HIV-1 (3.52 × 

104 C/ml), but serologic screening HIV Ag/Ab test was still nega-

tive. However, the confirmatory tests, the alternative HIV Ag/Ab 

assay and HIV-1 p24 were weakly positive, but anti-HIV-1/2 and 

anti-HIV-1/2 immunoblot test were still negative. The HIV-1 

NAT yield demonstrated the first case of HIV-1 RNA in the WP 

and thus successfully prevented possible TTI with HIV-1 to one or 

more recipients.

LB Procedures after Confirmed Blood Donor Infection in CITM

In a 3-year period, the CITM conducted 47 LB procedures, most 

of which affected HBV OBI cases (76,6%). For the OBI LB proce-

dures, 101 samples of the serologic archive and 30 samples of the 

NAT archive were tested of which 34 (33.7%) and 6 (20%), respec-

tively, were found to be HBV DNA positive. There were only 2 

probable transmissions of HBV from 2 OBI donors. One recipient 

was tested positive for HBV DNA directly after blood transfusion; 

8 months after the incriminating blood transfusion he showed se-

rologic markers of resolved HBV infection and negative HBV 

DNA. The other recipient had anti-HBc and anti-HBe positive 

markers without HBV DNA. It is  not known whether or not the 

recipients had these markers before the incriminating transfusion. 

Interpreting the LB data over 3 years, we noticed the decreasing 

trend in OBI cases among repeat donors, and we are expecting a 

further decrease due to the very sensitive tests and strict algorithm. 

There were no confirmed HCV or HIV-1 TTI cases in our 

recipients.

Discussion

In recent years, transfusion safety has undergone significant im-

provement, and blood transfusion therapy has never been as safe as 

it is nowadays. This enormous gain towards blood safety has been 

achieved through many factors including more stringent donor se-

lection criteria, improved sensitivity of the screening tests, im-

provements in preparation and quality control of blood compo-

nents, and inclusion of NAT testing in the routine screening pro-

gram [13]. Recent studies performed in other countries have 

shown that the estimated risk of TTI via blood products is very low 

[14–16]. The main advantages of NAT screening are interdiction of 

WP infections and identification of OBI carrier status, offering 

blood centers a much higher sensitivity for detecting blood-borne 

infections [17]. Reports from developed countries showed a limited 

value of NAT screening in improving blood safety [17, 18]. In con-

trast to this, the prevalence of TTIs in resource-limited countries is 

always high, and these countries are likely to yield a significant 

number of WP donations; thus NAT testing is expected to be more 

cost-effective in these countries. These resource-limited settings 

mainly include countries in Africa, Asia, and Latin America with a 

high prevalence of blood-borne virus infections.

NAT yields have been determined for several countries in the 

last decade. Italy has reported a NAT yield rate for HBV, HCV and 

HIV-1 of 57.8 per million, 2.5 per million and 1.8 per million, re-

spectively [14]. Slovenia has reported similar data, with 63.3 per 

million for HBV, 4.27 per million for HCV and 0.0 per million for 

HIV-1 [19]. Compared to the neighboring countries, Croatia has 

reported higher NAT yields of 91.7 per million donations for HBV 

and 1.8 per million donations for HIV-1, whereas the HCV NAT 

yield was lower (0.00 per million). Yield rates observed for HIV-1 

NAT are similar to those in France and Germany (0.3 per million 

donations). Higher rates have been reported from Greece and 

Spain (2–4 per million donations). For HCV, the rates of NAT are 

lower in northern countries (Switzerland 0.45 per million dona-

tions and Ireland 0.00 per million donations) than in Mediterra-

nean countries (Spain 2.15 per million and Greece 5.97 per million. 

Countries with low HBV endemism, such as Germany, Switzer-

land, New Zealand, the US and Canada, reported HBV NAT yields 

of up to 1: 730,000 [20–24], whereas countries with moderate end-

emism such as Poland and some Mediterranean countries reported 

figures up to 1: 51,987 [25–27]. The HBV NAT incidence rate of 1 

per 10,900 donations in Croatia is comparable to the HBV inci-

dence rate of 1: 15,600 HBV positive donations in Slovenia. Other 

neighboring countries have not yet implemented NAT screening 

testing of blood donors. In countries with high endemism, such as 

Ghana, Hong Kong, India and South Africa, the reported NAT 

HBV yield ranged from 1: 186 to 1: 5,200 [28–32].

Croatia has a population of 4.3 million and collects about 

195,000 blood donations per year. It belongs to countries with low 

prevalence of HBV, HCV, and HIV-1 infections in the general 

population, as well as in blood donors. The introduction of manda-

tory hepatitis B vaccination of schoolchildren in 1999 and later of 

newborns in 2007 resulted in a decrease in the incidence of hepati-

tis B, and a further decline is expected. The incidence of hepatitis C 

in Croatia is decreasing as well; less than 2% of the population are 

anti-HCV positive. In spite of a relatively favorable epidemiologi-

cal status, hepatitis B and C still pose a significant public health 

burden. The annual incidence of HIV-1 infections ranges from 12 

per million to 19 per million in the general population. Thus, Cro-

atia is among the countries with a low HIV-1 prevalence (the aver-

age prevalence in the EU/EEA in 2012 is 58 per million), with the 

two most-at-risk groups of men having sex with men and commer-

cial sex workers [33]. However, over the last years an albeit very 

modest increase in the HIV-1 incidence has been detected, mostly 

among men in the general population as well as in the population 

of blood donors. Implementation of centralized NAT testing in 

2013 and standardized quality of testing and production of blood 

components have improved blood safety by reducing the risk of 

transfusing infectious units to blood recipients to entering 2 per 

million in case of HIV-1 and to 91.67 per million in case of HBV. 

During the study period, we did not find any WP donation for 
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HCV infection (0.0 per million donations). Considering all HBV 

DNA positive donors found in Croatia, the risk of a potentially in-

fectious donation was much higher for HBV than for HCV or HIV. 

OBIs were considerably more frequently detected among older re-

peat blood donors. Almost all (98%) Croatian OBI donors were 

anti-HBc positive, and approximately half of them also carry anti-

HBe and anti-HBs, with 40% of them having titers of more than 10 

IU/l, potentially able to neutralize viral infectivity. Similar data are 

described in other publications [26, 34] suggesting that OBIs occur 

largely in individuals that have recovered from the infection but 

were unable to develop a totally effective immune control against 

HBV [4, 11]. The infectivity of HBV depends on many factors, e.g. 

viral dose (number of HBV genome copies/ml), blood component 

which was transfused (fresh frozen plasma and platelet concen-

trates suspended in plasma are considered more infectious than 

red cell concentrates), the presence of anti-HBs, and the recipient 

immune status [35]. The neutralizing capacity of low anti-HBs may 

be inefficient when overcome by high viral load. Satake et al. [36] 

reported that blood components collected from OBI donors with 

low levels of anti-HBc were more than 10 times less infectious than 

units collected from donors in the WP of infection. Although the 

OBI infectivity potential seems to be low, especially if anti-HBs is 

present, rare transmissions causing acute liver failure have been re-

ported in immunosuppressed patients [37]. The OBIs are also 

characterized by very low HBV DNA plasma load, mostly below 

1,000 IU/ml and often below 100–10 IU/ml. At low HBV viral load, 

pool testing is likely to be ineffective, and most of our OBI cases 

would be missed on MP-NAT testing. Even the ID-NAT testing is 

sometimes ineffective to detect titers below 95% limit of detection 

of HBV-DNA in OBIs. Only testing in replicates enables higher 

sensitivity as demonstrated by our archived sample analysis. Ac-

cording to our LB data, we found no evidence of any case of TTI 

confirmed from OBI donors. Only two blood recipients had mark-

ers of the resolved HBV infection but it is hard to conclude on the 

causal relationship since we did not have any data on their status 

before the transfusion and the genome sequencing was not com-

pleted. The high residual risk for HBV TTI is predominantly influ-

enced by higher number of OBIs detected in the repeat donor pop-

ulation after introduction of ID-NAT. On the other hand, the ex-

tremely low residual risk for HCV TTI could be explained by the 

very short WP of HCV ID-NAT. During the first year of NAT im-

plementation, the finding of OBI blood donors was relatively fre-

quent, but with time their number decreased with deferral of occult 

carriers, and we are expecting a further decreasing trend. The prev-

alence of the other two viral markers was stable and oscillated 

around 0.0004 and 0.0002 for HCV and HIV-1, respectively.

Conclusion

The choice of centralized ID-NAT screening, the implementa-

tion of IT transfusion network for the whole country, and the co-

operation among 8 blood centers has proved to be effective for im-

proving blood transfusion safety without compromising optimal 

blood product supply and release on time. Completion of testing 

on time is of utmost importance for the transfusion service when 

considering the short shelf life of the some of the blood products. 

The number of HBV-infected donors interdicted during the study, 

along with the HIV-1 WP infection, justifies the implementation of 

ID-NAT testing for donor screening. There is no possibility to pro-

duce blood components with a zero risk of TTI due to the WP of 

infections and new emerging/reemerging threats, but NAT testing 

of blood donors and other measures such as vaccination against 

HBV are crucial for further reducing the risk of TTI towards zero. 

Additional improvements could be achieved by the implementa-

tion of NAT screening for HIV-2 virus in Croatia and by a more 

sensitive test for confirmatory testing for HBV DNA with an alter-

native NAT method in the follow-up samples. 
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