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At the start of a new year, we provide our readers with 
a look back over the past 12 months and an outlook 
into the future. In 2016, Eurosurveillance’s 20th anni-
versary was an opportunity to review the evolution and 
achievements of the journal so far, and we summarised 
our personal views in an editorial accompanying a spe-
cial anniversary print edition of Eurosurveillance [1].

For the journal, as well as for infectious diseases spe-
cialists and public health experts, Zika virus (ZIKV) 
remained one of the main topics in 2016. The virus 
continued to spread, while increasing evidence led to 
scientific consensus about a causal link between ZIKV 
infection and occurrence of Guillain–Barré syndrome 
(GBS) as well as microcephaly and other congenital 
brain abnormalities [2]. Further, knowledge emerged 
that ZIKV can be transmitted by routes other than the 
vector-borne one. In February 2016, when an article in 
Eurosurveillance reported on an autochthonous case of 
ZIKV disease caused by possible sexual transmission, 
evidence supporting the possibility of this transmis-
sion pathway was still limited [3]. This changed rapidly, 
and sexual transmission of the virus, even by asymp-
tomatically infected individuals, became the focus of 
scientific studies and the centre of attention of many 
public health experts. International and national pub-
lic health organisations took new findings into account 
and, whenever necessary, updated advice and guid-
ance on how to prevent sexual transmission [4-6].

Colistin serves as last resort antibiotic for treatment 
of patients infected with highly resistant, e.g. carbap-
enem-resistant, Gram-negative bacteria. For public 
health microbiologists and those concerned with anti-
microbial resistance, an important finding in 2016 was 
the extent of the diffusion of plasmid-mediated colis-
tin resistance, conferred by the mcr-1 gene. The first 
findings in China of this new threat to healthcare and 
patient safety were published in November 2015 [7]. By 
July 2016, we had published seven articles on detection 

of the mcr-1 gene in Belgium, France, the Netherlands, 
Portugal and Spain, as well as Brazil and Tunisia [8-14]. 
Already in March 2016, an editorial in Eurosurveillance 
took stock of the reported evidence of the mcr-1 gene 
in food animals, food and humans [15].

In addition, we dedicated special issues to methods and 
approaches for surveillance, diagnosis and strain typ-
ing of Clostridium difficile and the impact of anthropo-
genic changes to water on human pathogens. Influenza 
vaccine effectiveness, in particular the effectiveness 
of live attenuated influenza vaccines in children, the 
emergence and surveillance of enteroviruses (EV) such 
as of EV D-68 causing severe respiratory illness par-
ticularly in children, vaccine preventable diseases, 
HIV/AIDS and sexually transmitted infections, as well 
as food- and waterborne outbreaks, were among the 
variety of other subjects that we covered in 2016.

We published 195 articles (73 rapid communications, 
122 regular articles) and a total of 39 editorials, let-
ters and meeting reports. On average there were 72 
submissions to Eurosurveillance per month. Of the 864 
articles we received in 2016, we accepted a little less 
than 20% for publication.

Articles were selected for publication with the help 
of our wide network of reviewers. Nearly 500 experts 
worldwide dedicated their time in 2016 to guide us in 
the decision-making process by sharing their views 
and comments on articles. We are grateful to them 
and published a list with their names in our first 2017 
issue [16]. In the choice and commissioning of articles 
we also rely on our associate editors and editorial advi-
sors. They are our link to academia and public health 
practice and help us find the right strategy and mix of 
topics for our audience. We are glad to have them on 
board and value their contributions. We are also sup-
ported by experts, many of them our colleagues at the 
European Centre for Disease Prevention and Control 
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(ECDC), whose names do not necessarily appear in the 
reviewer list but who are ready to listen to us and pro-
vide us with their feedback and to whom we would like 
to express our gratitude. We acknowledge the contin-
ued funding, logistic support and encouragement from 
our publisher, ECDC. Together with the editorial inde-
pendence which ECDC and its Director grant the editor-
in-chief, the sustained funding has been a key element 
in the positive evolution and recognition of the journal 
over the past decade.

The joint forces of Eurosurveillance contributors over 
two decades have borne fruit. Also in 2016, commonly 
used indices of ‘impact’ such as the impact factor, 
SCImago journal rank and Google metrics positioned 
the journal well among others in the same field, and in 
a similar fashion to previous years.

For 2017, some changes are envisaged for the journal; 
the most important one will be the launch of a new web-
site that should go live in the second part of the year. 
It will provide our audience with more modern features 
and user-friendly navigation. A minor change for read-
ers of our national bulletin section will be that we will 
change the frequency of its publication from monthly 
to quarterly. The first 2017 ‘In the national epidemio-
logical bulletins – a selection from current issues’ will 
be published in the 30 March issue. In the last quarter 
of 2016, we had a restricted call for a special issue on 
Immunisation Information Systems and we envisage 
publication of the special issue at the end of April. A 
formal call to provide evidence for screening of infec-
tious diseases in migrants will soon be published.

At the beginning of 2017, we do not know what sur-
prises the year may bring, however, Eurosurveillance 
will remain a platform for the infectious disease and 
public health community to share findings that help 
protect and improve public health, and we look forward 
to receiving such contributions.
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Mosquitoes collected in Germany in 2016, including 
Culex pipiens pipiens biotype pipiens, Culex torren-
tium and Aedes albopictus, as well as Culex pipiens 
pipiens biotype molestus (in colony since 2011) were 
experimentally infected with Zika virus (ZIKV) at 18 °C 
or 27 °C. None of the Culex taxa showed vector compe-
tence for ZIKV. In contrast, Aedes albopictus were sus-
ceptible for ZIKV but only at 27 °C, with transmission 
rates similar to an Aedes aegypti laboratory colony 
tested in parallel.

In 2015, Zika virus (ZIKV) emerged in Columbia and 
Brazil and spread rapidly across the American con-
tinent and the Caribbean, causing an epidemic with 
notable numbers of associated clinical cases of micro-
cephaly and Guillain–Barré syndrome [1]. Mosquitoes 
of the species Aedes aegypti and Ae. albopictus are 
considered the primary and secondary vectors of ZIKV 
[2]. However, with transmission rates below 50%, their 
vector competence for ZIKV in the laboratory is low [3]. 
The question therefore remains whether other common 
mosquito species such as Culex spp. play a role in the 
transmission cycle of ZIKV. The few studies performed 
so far have provided inconclusive results and sug-
gested that at least Culex quinquefasciatus might be 
able to transmit ZIKV [4-9]. In addition, for an assess-
ment of the risk of possible spread to regions with 
temperate climate such as central Europe, information 
is lacking on ZIKV vector competence of mosquitoes 
under reduced temperature conditions (< 20°C). 

This study aimed to evaluate the vector competence of 
central European mosquito species for ZIKV. Therefore, 
German populations of Culex pipiens pipiens biotype 
pipiens (Cx. p. pipiens), Culex pipiens pipiens biotype 
molestus (Cx. p. molestus), Culex torrentium and Ae. 
albopictus (Ae. albopictus, GER) were experimentally 

infected with ZIKV, using Ae. aegypti and an Italian Ae. 
albopictus (Ae. albopictus, ITA) as positive controls. 

Experimental infection of mosquitoes
Two long-established laboratory strains (Ae. aegypti 
(Bayer company) and Cx. p. molestus (in colony since 
2011, collected in Heidelberg, Germany)) and four spe-
cies collected in summer 2016 (Cx. p. pipiens F0 (col-
lected in Hamburg, Germany), Culex torrentium F0 
(collected in Hamburg, Germany), Ae. albopictus F7 
(collected in Freiburg, Germany) and Ae. albopictus F7 
(collected in Calabria, Italy)) were analysed and main-
tained as previously described [10,11]. All colonies 
tested negative in pan-flavivirus PCRs [12].

Between 150 and 200 female mosquitoes 4–14 
days-old were starved for 24 h before application of 
infectious blood meals containing ZIKV (strain ZIKV_
FB-GWUH-2016, GenBank KU870645, fifth passage) 
[13] at a final concentration of 107 plaque-forming units 
(PFU)/mL. Artificial feeding was performed using a 
Hemotek Feeder (Aedes spp.) or by cotton sticks (Culex 
spp.). Engorged females were incubated at 80% humid-
ity at either 18 °C or 27 °C. Analyses for ZIKV were done 
14 and 21 days post infection (dpi) for approximately 
35 randomly selected females and twice the number 
for Ae. aegypti at 27°C. For salivation, mosquitoes were 
anaesthetised and the proboscises were inserted into 
cropped 10 µL filter tips containing 10 µL phosphate-
buffered saline (PBS). After 30 min, tips were removed 
and saliva-containing PBS was analysed for the pres-
ence of infectious virus particles by measuring its 
cytopathic effect (CPE) on Vero cells within the follow-
ing 8 days. ZIKV in the supernatant of cytopathic cells 
was confirmed by qRT-PCR using Real Star Zika Virus 
RT-PCR Kit (Altona diagnostics, Hamburg, Germany). 
In addition, bodies of all challenged mosquitoes, 
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excluding legs and wings, were analysed for ZIKV RNA 
by qRT-PCR.

Results
At 14 or 21 dpi, ZIKV RNA was detected in the bodies of 
all challenged mosquito taxa, with infection rates rang-
ing between 3 and 72% in the species–temperature 
combinations with ZIKV-positive bodies. Infection rates 
and virus titres were substantially higher in Aedes spe-
cies, with viral RNA copies ranging from 102 to 104 in 
Culex spp. and from 104 to 109 in Aedes spp. (Table).

Virus load was generally higher at elevated incubation 
temperature (27 °C vs 18 °C). However, transmission of 
infectious virus particles as measured by CPE of Vero 
cells incubated with mosquito saliva was not detected 
in any of the Culex taxa. In contrast, saliva was posi-
tive for infectious virus particles in all Aedes species, 
but only at 27 °C incubation temperature. Interestingly, 
transmission rates at 21 dpi were similar in Ae. aegypti 
and Ae. albopictus from Germany but were substan-
tially lower in Ae. albopictus from southern Italy (30% 
vs 13%).

Discussion
Culex species from central Europe are known as estab-
lished vectors, able to transmit numerous viruses 
including West Nile, Sindbis and Usutu virus [14,15]. 
The results presented here indicate that the three most 
common Culex taxa in central Europe (Cx. p. pipiens, 
Cx. p. molestus and Cx. torrentium) do not have vector 
competence for ZIKV. This is in agreement with results 
from other parts of the world including Italy [4-7,9], 
which all showed a low degree of compentence of the 
Cx. pipiens complex for ZIKV transmission.

The invasive mosquito Ae. albopictus is established in 
large parts around the Mediterranean Sea and is con-
sidered to be the main vector in Europe for autochtho-
nous human infections with chikungunya and dengue 
virus [16]. Aedes albopictus are regularly introduced 
into Germany as accidental cargo via road traffic from 
southern Europe [17]. In the winter 2015/16, success-
ful overwintering of the species was observed for the 
first time in southern Germany [18]. The results pre-
sented here indicate that specimens of this overwin-
tering population have considerable susceptibility to 
ZIKV, although only at elevated temperature of 27 °C. 

Table
Susceptibility and transmission rates of mosquitoes experimentally infected with Zika virus (n = 856)

14 days post infection 21 days post infection

Mosquito taxa T in °C IRa 
(%)

Mean (SD) log10  
RNA copies/specimenb

TRc 
(%)

IRa 
(%)

Mean (SD) log10  
RNA copies/specimen

TR 
(%)

Aedes aegypti 
18 17/31 

(55)
4.70 

(0.86) 0/17 18/33 
(55)

4.33 
(0.63) 0/18

27 31/63 
(49)

8.69 
(1.60)

14/31 
(45)

36/50 
(72)

6.82 
(1.75)

11/36 
(31)

Aedes albopictus, ITA
18 19/30 

(63)
4.05 

(0.59) 0/19 14/39 
(36)

5.52 
(0.87) 0/14

27 22/31 
(71)

6.34 
(2.14)

4/22 
(18)

15/29 
(52)

7.41 
(2.22)

2/15 
(13)

Aedes albopictus, GER
18 4/32 

(13)
6.22 
(1.25) 0/4 11/32 

(34)
6.36 
(1.39) 0/11

27 20/31 
(65)

6.78 
(2.41)

4/20 
(20)

18/34 
(53)

8.61 
(1.82)

6/18 
(33)

Culex p. molestus 
18 12/41 

(29)
3.40 

(0.38) 0/12 2/32 
(6)

2.48 
(0.29) 0/2

27 7/29 
(24)

3.73 
(0.38) 0/7 12/38 

(32)
4.02 

(0.44) 0/12

Culex p. pipiens 
18 16/34 

(47)
3.38 

(0.40) 0/16 3/32 
(9)

3.88 
(0.43) 0/3

27 3/37 
(8)

3.13 
(0.45) 0/3 0/35 

(0) NAd NAd

Culex torrentium 
18 11/35 

(31)
3.15 

(0.47) 0/11 1/38 
(3)

3.31 
(NA) 0/1

27 4/36 
(11)

3.80 
(1.79) 0/4 0/34 

(0) NAd NAd

GER: from Germany; IR: infection rate; ITA: from Italy; NA: not available; SD: standard deviation; T: temperature; TR: transmission rate.
a Infection rate: number of ZIKV-positive mosquito bodies per number of fed females.
b RNA copies were averaged over all ZIKV-positive mosquito bodies excluding the zeros of ZIKV-negative mosquito bodies.
c Transmission rate: number of mosquitoes with ZIKV-positive saliva per number of ZIKV-positive mosquito bodies.
d Not available: Mean viral RNA copies and transmission rate could not be calculated for the species–temperature combinations with no ZIKV-

positive bodies.
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Moreover, the transmission rate in this overwinter-
ing population was substantially higher than in Ae. 
albopictus from the Calabrian region in southern Italy. 
Whether the difference in virus susceptibility between 
German and Italian Ae. albopictus populations is due 
to an ongoing process of adaptation to a new envi-
ronment or to experimental conditions remains to 
be determined. Nevertheless, the susceptibility of 
European Ae. albopictus to ZIKV demonstrates the risk 
of arbovirus transmission associated with the estab-
lishment and ongoing spread of this invasive mosquito 
species in Europe. Of note, none of the tested Aedes 
populations were susceptible to ZIKV at 18 °C, which 
may limit the spread of ZIKV in central Europe to short 
summer periods with high temperatures. However, for 
a comprehensive risk assessment of ZIKV transmission 
in central Europe, further infection studies are needed 
at intermediate temperatures (e.g. 21 °C and 24 °C) as 
well as with other common Aedes species such as Ae. 
vexans or the newly established Ae. japonicus [19].
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To enable an up-to-date molecular analysis of human 
immunodeficiency virus (HIV) genotypes circulating in 
Germany we have established a surveillance system 
based on recently acquired HIV infections. New HIV 
infections are reported to the Robert Koch Institute 
as a statutory duty for anonymous notification. In 
2013 and 2014, a dried serum spot (DSS) sample was 
received from 6,371 newly diagnosed HIV-cases; their 
analysis suggested that 1,797 samples originated 
from a recent infection. Of these, 809 were success-
fully genotyped in the pol region to identify transmit-
ted drug resistance (TDR) mutations and to determine 
the HIV-1 subtype. Total TDR was 10.8%, comprising 
4.3% with mono-resistance to nucleoside reverse tran-
scriptase inhibitors (NRTIs), 2.6% to non-NRTIs, 3.0% 
to protease inhibitors and 0.6% and 0.2%, respec-
tively, with dual- and triple-class resistances. HIV-1 
subtype B was most prevalent with 77.0%. Non-B 
infections were identified more often in men and 
women with heterosexual transmission compared with 
intravenous drug users or men who have sex with men 
(79% and 76%, 33%, 12%; all p < 0.05). Non-B subtypes 
were also more frequently found in patients originat-
ing from countries other than Germany (46% vs 14%; 
p < 0.05) and in patients infected outside of Germany 
(63% vs 14%; p < 0.05).

Introduction
Continuous molecular HIV surveillance provides valu-
able public health information concerning the trans-
mission of drug-resistant viruses and the dynamics of 
currently circulating variants. Transmitted drug resist-
ance (TDR) has significant clinical consequences as 
it is associated with an increase in the failure rate of 
antiretroviral therapy (ART) [1]. With prevalence of TDR 
(at least one resistance mutation) ranging between 
10% and 15% in several European countries and in 
North America [2-6], the problem is of substantial con-
cern. Genotypic resistance testing is therefore recom-
mended before commencing first-line treatment [7]. 

The prevalence of TDR in a country is determined by 
the history of clinical therapy regimens and the failures 
resulting from resistance. TDR can vary depending on 
transmission route, country of origin of the patient and 
country of infection [6]. From a virological perspective, 
TDR is largely determined by the persistence of the 
associated mutation(s). Persistence of those mutations 
depends mainly on the fitness costs to the virus and on 
the viral genetic background (e.g. chance of compensa-
tory mutations) [8].

Knowledge of currently circulating HIV subtypes in a 
country and the dynamics of their spread is of epidemi-
ological and clinical relevance. This information affects 
the safety and accuracy of HIV diagnostics and is valu-
able for HIV prevention and vaccine development.

The objective of this study was to determine TDR and 
HIV-1 subtypes in a substantial subset of new HIV-1 
infections diagnosed in 2013 and 2014 in Germany. We 
intended to examine transmissions from a restricted 
period of time and therefore, only recently acquired 
infections among the newly diagnosed cases were 
included. We aimed to analyse TDR and transmitted 
HIV-1 subtypes in the main transmission groups: men 
who have sex with men (MSM), persons with het-
erosexual contact (HET) and people who inject drugs 
(PWID), considering sex and origin of the infected indi-
vidual and place of infection. 

Methods

Clinical samples
The data protection officer of the RKI and the German 
Federal Commissioner for Data Protection and 
Freedom of Information approved the study protocol 
(III-401/008#0016).
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RNA isolation and HIV sequencing
HIV RNA from 4 x 100 µL DSS was extracted accord-
ing to the manufacturer’s instructions with the 
manual NucliSense Magnetic Extraction method for 
samples collected in 2013 or the automated Biomerieux 
EasyMag platform for samples collected in 2014 (both 
bioMerieux, Capronne, France). Viral RNA was quanti-
fied using an in house LTR RT-TaqMan PCR according 
to a modified protocol [9]. As concentration controls, 
serial dilutions of the IIIB strain of HIV-1 in human 
HIV-negative plasma was dropped onto filter cards 
(DPS standard). Samples were analysed using a newly 
designed HIV-1 group M generic RT-PCR system (in 
house pol RT-PCR) covering the genomic region of HIV-1 
protease (AS9–99) and reverse transcriptase (AS1–
252) including all resistance-associated positions. The 
in house pol RT-PCR assay consists of two pol RT-PCRs 
yielding two overlapping amplicons: a fragment 1 of 

576 bp (primer_A: CCCTCARATCACTCTTTggCARCgA, 
position 2,252–2,276; Primer_B: 
CCTAATTgAACYTCCCARAARTCYTgAgT, position 2,799–
2,827) and a second fragment 2 of 718 bp (Primer_C: 
AAACAATggCCATTRACAgARgA, position 2,613–2,636; 
primer_D: CTAAYTTYTgTATRTCATTgACAgTCCA, posi-
tion 3,303–3,330). All nucleotide positions refer to 
sequence of the HXB2 genome (accession number 
K03455). The detection limit of the in house pol RT-PCR 
was shown to be equivalent to 1,000 copies/mL DPS 
standard (highest dilution resulting in 100% posi-
tive PCR outcome). Population-based sequencing was 
performed and a consensus sequence from both frag-
ments was obtained.

HIV-1 subtyping
The HIV-1 subtype was assigned by applying the REGA 
HIV-1 subtyping tool (REGA HIV Subtyping Tool Version 

Figure 1
Prevalence of transmitted drug resistance mutations by drug class (A) and predicted susceptibility to antiretroviral drugs by 
level of resistance (B) in the study population, Germany, 2013–14 (n = 809)
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3.0) and COMET HIV-1 (Version 1.0) [10] to the pol 
sequence. Only subtype classifications based on boot-
strap values of > 70% in the tree topology were taken 
into account. In cases where a subtype or circulating 
recombinant form (CRF) was not assigned by either 
subtyping tool, the strain was classified as unique 
recombinant form (URF). In addition, a distance-based 
neighbour-joining method and bootstrap (PHYLIP ver-
sion 3.6) was calculated using an extended panel of 
subtype reference sequences from the Los Alamos HIV 
sequence database.

HIV drug resistance interpretation and 
calculation of the prevalence of transmitted 
drug resistance
The World Health Organization (WHO)’s surveillance 
drug resistance mutations (SDRM) list was used to 
interpret TDR [11]. Levels of expected resistance to 
each of the three drug classes nucleoside reverse tran-
scriptase inhibitors (NRTI), non-nucleoside reverse 
transcriptase inhibitors (NNRTI) and protease inhibi-
tors (PI) as mono, dual or triple class resistance were 
predicted using the Stanford algorithm (version 7.0). 
Three levels of resistance were scored: high (R), inter-
mediate (I, intermediate and low), sensitive (S, poten-
tially resistant and sensitive).

Statistical analysis
Descriptive statistics for continuous variables were 
calculated as medians and interquartile ranges (IQR). 
Differences in proportions, odds ratios (OR) and 95% 
confidence intervals (CI) were assessed by two-sided 
Fisher’s exact test using EPICALC 2000 software (ver-
sion 1.02; Gilman and Myatt 1997). A two-sided p 
value ≤ 0.05 was considered significant.

Results

Characterisation of the study population
In 2013 and 2014, a total of 6,371 DSS prepared from 
residual serum of newly HIV-diagnosed cases were 
submitted to the RKI along with the anonymous report. 
Of these, 2,034 (32%) were serologically classified as 
recent HIV infections using the BED-CEIA. The viral load 
was reported for 700 and a CD4+ T-cell count for 543 
of the 2,034 specimens. Specimens with CD4+ T-cell 
counts < 200 cells/µL (n = 108) or viral loads < 400 cop-
ies/mL (n = 50) or both (n=8) were reclassified as ‘long-
standing infections’ and, together with repeatedly 
reported cases (n = 71), excluded, resulting in 1,797 
DSS. Sufficient material (four serum spots à 100 µL) 
was available for 1,387 of those specimens. The pol 
RT-PCR amplification and sequencing was successful in 
809 samples; these represented the final study panel 
of recent HIV infections. A viral load was reported for 
298 of 809 cases, with a median of 184,481 copies/mL 
(IQR: 45,405–983,158). Among these 298 cases, CD4+ 
T-cell counts were available for 214, with a median 
of 357 cells/µL (IQR: 278–487). The proportional dis-
tribution of recently infected cases analysed by sex, 
transmission routes, country of origin and country of 

Figure 2
Subtype distribution (A) in the main transmission groups 
and (B) by country of origin, Germany, 2013–14 (n = 809)
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infection extracted from sociodemographic data sub-
mitted with the notification form are shown in Table 1.

Prevalence of transmitted drug resistance
The overall prevalence of TDR in patients with recently 
acquired HIV infection diagnosed in 2013 and 2014 was 
10.8% (n = 87/809; 95% CI: 8.8–13.1). This comprised 
mono-resistance to NRTIs in 4.3% (35/809; 95% CI: 
3.1–6.0) of the patients, to NNRTIs in 2.6% (21/809; 
95% CI: 1.7–4.0) and to PIs in 3.0% (24/809; 95% CI: 
2.0–4.5) of cases. Dual and triple class resistance was 
identified in 0.6% (n = 4 NRTI/NNRTI; n = 1 NNRTI/PI) 
and 0.2% (n = 2 NRTI/NNRTI/PI) of the patients, respec-
tively (Table 2).

Of all 52 NRTI-associated mutations identified, 46 were 
thymidine analogue mutations (TAM), namely: the 
revertants of T215Y (T215CDEISV; 2.3%; 19/809), M41L 
(2.2%; 15/809), K219ENQR (0.9%; 7/809) and D67EGN 
(0.6%; 5/809). TAM were selected by the thymidine 
analogues and conferred intermediate resistance to 
azidothymidine (AZT) and stavudine (D4T). The most 
prevalent NNRTI resistance mutations were K103N and 
K103S (2.5%; 20/809), selected by first generation 
NNRTIs. The PI-selected resistance mutations M46I and 
M46L were present at a level of 1.6% (13/809) associ-
ated with resistance to a broad spectrum of PIs: ataza-
navir/ritonavir (ATV/r), fosamprenavir (FPV/r), indinavir 
(IDV/r), lopinavir (LPV/r), nelfinapir (NFV) and triprana-
vir (TPV/r). The PI-selected resistance mutations L90M 
(resistance to LPV/r, ATV/r, saquinavir (SQV)/r, IDV/r, 
NFV) and V82ACFLTMS (resistance to FPV/r, TPV/r, 
IDV/r, LPV/r, ATV/r) were present at levels of 0.7% 
(6/809) and 0.9% (7/809), respectively (Figure 1A and 
B).

Drug resistance mutations observed in transmitted HIV 
strains mainly induced intermediate levels of resistance 
to NRTI and PI (mainly resistance-associated singleton 
mutations). High levels of resistance were frequently 
observed to the NNRTIs efavirenz (EFV) and nevirap-
ine (NVP) and were caused primarily by the prevalent 
resistance mutation K103N (Figure 1B).

We found no correlation between TDR and sex, trans-
mission group, origin of patient or country of infection 
in general or for any resistance class (all p values > 0.05) 
(Table 2).

Prevalence of HIV-1 subtypes
The most prevalent HIV-1 subtype in the total study 
population (n = 809) was subtype B with 77.0% 
(623/809; 95% CI: 73.9–79.8), while 23.0% of HIV-1 
infections (186/809; 95% CI: 20.2–26.1) were caused 
by non-B subtypes including A (5.1%, 41/809), C 
(3.6%, 29/809), D (0.7%, 6/809), F (1.6%, 13/809), G 
(2.7%, 22/809), CRF01_AE (2.0%, 16/809) and CRF02_
AG (3.3%, 27/809) as well as 4.0% (32/809) other rare 
CRFs (06_cpx, 07_BC, 12_BF, 18_cpx, 19_cpx, 34_01B, 
35_AD, 44_BF, 49_cpx) and URFs. These rare CRFs 

Figure 3
Prevalence of HIV-1 subtypes stratified by (A) main 
transmission groups and (B) origin of patient, Germany 
2013–14 (n = 809)
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were grouped together with the URFs into the rare CRF/
URF subgroup.

The subtype distribution in the subset of recent infec-
tions with available CD4+ T-cell counts and viral loads 
(n = 214) was very similar to the overall study popu-
lation, with 77.1% (165/214) subtype B and 22.9% 
(49/214) non-B infections including A (4.2%, 9/214), 
C (5.1%, 11/214), D (0.9%, 2/214), F (0.9%, 3/214), G 
(2.8%, 6/214), CRF01_AE (1.9%, 4/214) and CRF02_AG 
(1.9%, 4/214) as well as 4.7% (10/214) rare CRF/URFs 
(all p values of pairwise comparisons > 0.2).

HIV-1 subtype B was associated with a significantly 
higher proportion of TDR (12.0%, 75/623) than the 
non-B subtypes (6.4%; 12/186; OR: 0.50; 95% CI: 0.27–
0.95; p = 0.04), particularly with regard to the NRTI 
mutations (5.3% in B, 1.1% in non-B, p = 0.01) (Table 2).

With regard to the main transmission groups, MSM 
were predominantly infected by subtype B, with 87.7% 
(436/497) which is significantly higher than in PWID 
(14/21) or in HET (15/65; male HET: 4/19 and female HET 
11/46; all p values MSM-PWID-HET < 0.05). In HET, sub-
type diversity was high and particularly non-B subtypes 
A (8/65), C (12/65) and G (8/65) were frequent. In PWID, 
subtype A (4/21) was the second most prevalent sub-
type (after B with 14/21), while subtypes C, D, CRF01_
AE and the group of rare CRF/URF were not identified 
in PWID. Subtype distribution in the group that did not 
report transmission type mirrored the group that did 
report transmission type (MSM + HET + PWID), with a 

slightly lower proportion of subtype B (70.5%, 155/220 
vs 79.8%, 465/583) (Figure 2A). The proportion of sub-
type non-B infections in Germans (14.0%, 68/485) was 
significantly lower than in individuals from other coun-
tries (45.6%, 72/158; p < 0.0001). Subtype B was pre-
dominant in Germans and in migrants originating from 
America and western and central Europe (417/485, 
15/17, 19/28 and 29/36, respectively). Subtype A was 
the most frequently subtype identified in eastern 
Europeans (12/27), while migrants from Africa and Asia 
were infected with a greater variety of subtypes (Figure 
2B).

For the subtypes A, B, F, CRF01_AE and the rare CRF/
URF, the main transmission route was MSM (14/41, 
436/623, 7/13, 7/16 and 14/32, respectively) while the 
subtypes C, D and G were mainly transmitted by het-
erosexual contacts (12/29, 3/6 and 8/22, respectively) 
(Figure 3A).

HIV subtype A was mostly identified in Germans (16/41) 
and eastern European patients (12/41), subtype C and 
G in Germans (12/29 and 6/22) and Africans (8/29 and 
6/22), while for Subtype D and CRF02_AG, no main ori-
gin of patients could be identified. The rare CRF/URFs 
were mainly identified in Germans (14/31) but also in 
patients originating from other continents (Europe 
(4/31), Africa (3/31), America (2/31) and Asia (1/31)) 
(Figure 3B).

A stratification according to the geographical region of 
acquisition revealed that in Germany (86.2%; 451/523), 
America (3/5) and in western (14/21) and central Europe 
(7/12), subtype B infections were mainly acquired. 
Non-B subtypes were acquired more frequently abroad 
(62.6%; 57/91) than in Germany (13.8%; 72/523; 
p < 0.05).

Discussion
We have established a molecular HIV-1 surveillance 
strategy based on samples collected in association 
with the mandatory notification system of new HIV 
diagnoses in Germany. Analysis of samples was 
restricted to recent HIV-transmissions with a defined 
duration of less than 302 days since HIV infection. This 
approach permitted us to focus on the viruses circu-
lating during any given period of time and to estimate 
current trends in the HIV epidemic, because late pre-
senters who acquired an infection before that period 
were excluded.

The overall TDR prevalence among the 2013 and 2014 
study samples was 10.8%. This is largely comparable 
to previously published cohort studies from Germany 
and several other western European countries with a 
long history of combination ART (cART) [3-5] and indi-
cates in many respects that the rate of TDR is essen-
tially stable: Patients included in the German HIV-1 
seroconverter cohort between 1996 and 2010 revealed 
TDR in 11.9% [5]. Two recent comprehensive epidemio-
logical studies involving 26 European countries carried 

Table 1
Characteristics of patients with recent infection included 
in molecular HIV surveillance, Germany, 2013–14 
(n = 809)

Study population n %
Sex 
Male 718 88.8
Female 86 10.6
Not reported 5 0.6
Transmission group 
Men who have sex with men 497 61.4
Persons with heterosexual contacts 65 8.0
Persons with intravenous drug use 21 2.6
Other 6 0.7
Not reported 220 27.2
Country of origin 
Germany 485 60.0
Other 158 19.5
Not reported 166 20.5
Country of infection 
Germany 523 64.6
Other 91 11.2
Not reported 195 24.1
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out on behalf of the SPREAD-programme reported lev-
els of 8.9% (95% CI: 8.1–9.8) and 8.3% (95% CI: 7.7–
9.5) for the period from 2002 to 2007 [6] and from 2008 
to 2010, respectively [12]. Proportions of patients with 
mono-NRTI, mono-NNRTI, mono-PI, dual- and multi-
class resistance (5.0%, 2.9%, 2.5%, 0.8% and 0.4%, 
respectively) [6] were very similar to our findings (4.3%, 
2.6%, 3.0%, 0.6% and 0.2%). In both the SPREAD stud-
ies and in ours, the detected NRTI resistance mutations 
belonged to the TAM (mainly revertants of T215Y, fol-
lowed by M41L) selected by AZT and D4T. The most 
prevalent NNRTI SDRMs were K103NS, and resistance 
to PIs was mainly due to the mutations L90M and M46IL 
[6,12]. TAM are very frequent and long-term persisting 
resistance mutations [8]. De novo selection by current 
therapies is unlikely because the use of AZT and D4T 
is declining [13]. We therefore suggest that these have 
become circulating strains by onward transmission 
from untreated, and probably undiagnosed, individu-
als. While TAM may not have any particular impact on 
the success of current first-line treatments, K103N and 
K103S may still be associated with their failure [7].

Sex was not associated with TDR in our study. However, 
the prevalence of TDR was slightly but not signifi-
cantly higher among MSM, in Germans or in individu-
als infected in Germany. In studies carried out in some 
other European countries, the associations between 
TDR and MSM or subtype B (exhibiting higher TDR lev-
els) were significant [6,12,14].

HIV-1 epidemiology is characterised by compartmental-
ised subepidemics of subtypes with a dynamic nature. 
The most prevalent subtype in western European coun-
tries is subtype B, mainly as a consequence of multiple 
introductions via migration, tourism and trade from dif-
ferent geographical areas [15]. The lowest proportion 
of subtype B was reported for Portugal with 48.3% for 
patients diagnosed between 2006 and 2012 [16] while 
the highest proportion was observed in Poland with 
96.2% for patients diagnosed between 2002 and 2005 
[17].

Determinants of subtype distribution are the transmis-
sion group, country of origin and country of infection. 
Subtype B is highly prevalent in MSM, most probably 
as a result of a founder effect rather than an increased 

Table 2
Prevalence of transmitted drug resistance to the major antiretroviral drug classes in the study population stratified by 
relevant subgroups, Germany, 2013–14 (n = 809)

TDR NRTI NNRTI PI Dual Multi
n % n % n % n % n % n %

Total 87 10.8 35 4.3 21 2.6 24 3.0 5 0.6 2 0.2
Sex 
Male (n = 718) 78 10.9 32 4.5 18 2.5 21 2.9 5 0.7 2 0.3
Female (n = 68) 9 10.5 3 3.5 3 3.5 3 3.5 0 0
Not reported (n = 5) 0 0 0 0 0 0
Transmission group 
MSM (n = 497) 59 11.9 22 4.4 14 2.8 17 3.4 4 0.8 2 0.4
HET (n = 65) 4 6.2 3 4.6 1 1.5 0 0 0
PWID (n = 21) 2 9.5 1 4.8 0 1 4.8 0 0
Other (n = 6) 0 0 0 0 0 0
Not reported (n = 220) 22 10.0 9 4.1 6 2.7 6 2.7 1 0.5 0
Country of origin 
Germany (n = 485) 56 11.5 24 4.9 12 2.5 16 3.3 3 0.6 1 0.2
Other (n = 158) 12 7.6 2 1.3 5 3.2 3 1.9 1 0.6 1 0.6
Not reported (n = 166) 19 11.4 9 5.4 4 2.4 5 3.0 1 0.6 0
Country of infection 
Germany (n = 523) 63 12.0 23 4.4 15 2.9 18 3.4 5 1.0 2 0.4
Other (n = 91) 5 5.5 3 3.3 1 1.1 1 1.1 0 0
Not reported (n = 195) 19 9.7 9 4.6 5 2.6 5 2.6 0 0
HIV-1 Subtypes
B (n = 623) 75 12.0 33 5.3 16 2.6 19 3.0 5 0.8 2 0.3
Non-B (n = 186) 12 6.5 2 1.1 5 2.7 5 2.7 0 0

HET: persons with heterosexual contact; HIV: human immunodeficiency virus; MSM: men who have sex with men; NRTI: nucleotide reverse 
transcriptase inhibitors; NNRTI: non-nucleotide reverse transcriptase inhibitors; PI: protease inhibitor; PWID: people who inject drugs; TDR: 
transmitted drug resistance.
`Not reported´ data were excluded from the pairwise comparisons. All p values of pairwise comparison were > 0.05.
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transmission potential of subtype B [18]. Non-B sub-
types were significantly more frequently diagnosed in 
sub-populations originating from and often acquired 
in countries other than Germany. Most migrants with 
recent HIV infections carried subtypes dominating in 
their country of origin [19], suggesting that they may 
have acquired the infection during a visit to their home 
countries or within their community in Germany.

Interestingly, a considerable proportion of rare CRF/
URFs are present in patients originating from all conti-
nents. However, the high proportion of Germans in the 
non-B clade group, in particular those with subtype A, 
F and rare CRF/URFs, indicates that non-B strains have 
become endemic in the German population. Although 
the number of PWID analysed was low, HIV-1 subtype 
A was strikingly more common in PWID than in other 
transmission groups.

One limitation of our study was that the restriction 
to recently acquired infections over-estimates patient 
groups that are tested more frequently due to their 
awareness of transmission risks. This might explain the 
slightly higher prevalence of MSM among recent infec-
tions in our study (61.4%) compared with the notifica-
tion data for all (recent and prevalent) newly diagnosed 
HIV infections in 2013 and 2014 (57.7%) [20]. A second 
limitation was the overall genotyping success rate of 
58% in samples from recent infections. This was mainly 
due to a lack of serum spots for RNA extraction or to 
RNA degradation after inappropriate handling or ship-
ment. A technical limitation was the expected misclas-
sification of long-standing as recent infections due to a 
false recent rate (FRR) of ca 4.7% for subtype B or even 
higher for the non-B subtypes, in particular A and D 
(FRR 18.9 and 18.2%, respectively), using the BED CEIA 
assay [21]. This may have led to an over-representation 
of non-B subtypes in the study. Taking into account 
CD4+ T-cell counts and viral load data as parameters 
for recency estimation is expected to diminish this 
bias [22]. Consideration of these clinical parameters 
that were available for about one third of the samples 
only marginally reduced the prevalence for the recent 
non-B infections from 23.0% to 22.9% but, more sig-
nificantly, from 5.1% to 4.2% for subtype A, which is 
generally the most strongly affected by BED misclas-
sification. An ancillary analysis of specimens that were 
reclassified as long-standing infections based on CD4+ 
T-cell counts < 200 cells/µL and viral loads < 400 copies/
mL (n = 72) revealed 33.3% non-B and 11.1% subtype 
A (data not shown), confirming the anticipated over-
representation introduced by the BED ELISA. Based 
on these data, the lack of CD4+ T-cell counts and viral 
loads for two thirds of the sample set is estimated to 
result in an over-representation of non-B subtypes of 
less than 2.5%. Being one of two commercially avail-
able recency tests, the BED CEIA is used worldwide for 
epidemiological surveillance studies [23-28], although 
efforts to evaluate and improve serological recency 
tests are ongoing [21].

Conclusion
The TDR prevalence in recent HIV infections among 
notified newly diagnosed HIV patients in Germany was 
still high (> 10%) in 2013 and 2014 and was within the 
range of other European countries, including the pro-
portions of resistance classes. Although the selec-
tion for resistant HIV was dramatically reduced by the 
introduction of cART and new drugs [29], levels of TDR 
remain stable in all European countries and are still 
dominated by resistance to NRTI. This is most likely 
caused by a continued onward transmission of per-
sisting NRTI-resistant strains that emerged as a result 
of failed treatment regimens during the pre-cART era 
(1987–96) and not by transmission of resistant viruses 
from patients failing cART. Therefore, genotypic resist-
ance testing of HIV before first-line treatment needs to 
be continued. Since therapy-naïve and probably also 
undiagnosed patients are the predominant source of 
TDR, early detection of HIV infection followed by early 
treatment, as recommended in the current guidelines 
[7], could reduce the transmission of resistant virus 
[13,30]. Our data also demonstrate that subtype B 
remains the most frequently transmitted subtype in 
Germany because of its high prevalence in MSM.
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Molecular surveillance of multidrug-resistant tuber-
culosis (MDR-TB) using 24-loci MIRU-VNTR in the 
European Union suggests the occurrence of interna-
tional transmission. In early 2014, Austria detected 
a molecular MDR-TB cluster of five isolates. Links to 
Romania and Germany prompted the three countries 
to investigate possible cross-border MDR-TB transmis-
sion jointly. We searched genotyping databases, gen-
otyped additional isolates from Romania, used whole 
genome sequencing (WGS) to infer putative transmis-
sion links, and investigated pairwise epidemiologi-
cal links and patient mobility. Ten isolates from 10 
patients shared the same 24-loci MIRU-VNTR pattern. 
Within this cluster, WGS defined two subgroups of four 
patients each. The first comprised an MDR-TB patient 
from Romania who had sought medical care in Austria 
and two patients from Austria. The second comprised 
patients, two of them epidemiologically linked, who 
lived in three different countries but had the same city 
of provenance in Romania. Our findings strongly sug-
gested that the two cases in Austrian citizens resulted 
from a newly introduced MDR-TB strain, followed by 
domestic transmission. For the other cases, transmis-
sion probably occurred in the same city of provenance. 
To prevent further MDR-TB transmission, we need to 
ensure universal access to early and adequate therapy 

and collaborate closely in tuberculosis care beyond 
administrative borders.

Background
Tuberculosis (TB) and its multi- and extensively drug-
resistant forms (M/XDR-TB) are a major global public 
health concern. The World Health Organization (WHO) 
estimates that 9.6 million people worldwide fell ill with 
TB in 2014, of those ca 480,000 cases with MDR-TB 
[1]. Where second-line drug susceptibility testing (DST) 
is available, (pre)XDR-TB is frequently detected [2,3]. 
These patients have a high risk of death [3].

To control this infectious disease, it is key to under-
stand and interrupt the spread of TB and M/XDR-TB. 
TB transmission can be traced by classic and by 
molecular epidemiological methods. Classic methods 
include contact and source case investigations based 
on patient interviews. Molecular methods examine 
the genetic relationship between the isolates of the 
Mycobacterium tuberculosis complex. Common geno-
typing methods include spacer oligonucleotide typing 
(spoligotyping) and 24-loci mycobacterial interspersed 
repetitive units variable number of tandem repeats 
(24-loci MIRU-VNTR) analysis, both targeting specific 
small parts of the genome. Whole genome sequenc-
ing (WGS) queries the entire mycobacterial genomic 
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material. It has higher discriminatory power and may 
indicate the directionality and sequence of transmis-
sion events [4-7]. Moreover, WGS permits identification 
of genes and mutations that mediate drug resistance 
[8-11]. WGS has been employed to analyse and review 
TB outbreaks in different settings [5,12,13]. Recently, 
it has become increasingly affordable and routinely 
applicable [8,14,15].

Austria, Romania and Germany are European Union 
(EU) Member States with, respectively, TB notification 
rates of 6.8, 79.7 and 5.6 cases per 100,000 popu-
lation, rather similar proportions of MDR-TB among 
new laboratory-confirmed TB cases with DST results 
of 4.8%, 6.4% and 3.1%, yet very different absolute 

numbers of detected MDR-TB cases with 20, 517 and 87 
cases in 2014 [2].

None of the three countries has an area-wide inte-
grated molecular surveillance for TB as established 
in the Netherlands [16], the United Kingdom (UK) [17] 
or the United States (US) [18]. However, the National 
Reference Laboratories (NRLs) for Mycobacteria in 
Austria and Germany systematically type M/XDR-TB 
isolates. Germany submits the results to the geno-
typing database of the European Centre for Disease 
Prevention and Control (ECDC) [19].

In March 2014, the Austrian NRL at the Austrian Agency 
for Health and Food Safety (AGES) detected a molecu-
lar cluster of five MDR-TB cases. The question arose 

Figure 1
Cluster of multidrug-resistant tuberculosis in Austria, Romania and Germany, 2010 to 2014 (n = 13)

A. Situation as found in Austria, March 2014

D. Adding information from the epidemiological 
     investigation

E. Adding results from whole genome sequencing
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whether MDR-TB transmission had occurred within 
Austria, which had never been observed before. Links 
to Romania and Germany prompted the three coun-
tries to investigate the MDR-TB cluster jointly within 
given legal contexts and with unchanged in-country 
responsibilities, with the aim of tracing the MDR-TB 
transmission.

Methods

Collaboration
The investigation team consisted of the national TB 
contact points for WHO and ECDC or representatives 
acting on their behalf, the NRLs and the responsible 
local public health authorities in Austria, Romania and 
Germany. Collaboration was maintained by monthly 
telephone conferences from April to October 2014.

Case inclusion
Cases were included without restriction in time when 
the isolate, collected in any of the three countries and 
recorded in any typing databases by the NRLs, shared 
the same spoligotype and 24-loci MIRU-VNTR pattern 
as in the initial cluster detected in Austria in March 
2014. Five MDR-TB cases from one administrative dis-
trict in Romania were included based on epidemio-
logical information in the absence of molecular typing 
data. No epidemiological links pointing to other dis-
tricts in Romania were identified.

Drug susceptibility testing
Isolates were gained by culturing specimens in liq-
uid (BACTEC MGIT 960, Becton Dickinson Diagnostic 
Systems, Sparks, US) and on solid Löwenstein-Jensen 
(LJ) media.

Figure 2
Geographical dimension of the three WGS12SNPs cluster of multidrug-resistant tuberculosis, Austria, Romania and Germany, 
2010 to 2014 (n = 10)
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Romania, red – Austria). The map background is used from RegioGraph (version 2015, GfK GeoMarketing GmbH, Bruchsal, Germany).
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In Austria and Germany, DST was done using the 
Mycobacteria Growth Indicator Tube (MGIT) system 
with BACTEC MGIT 960 growth supplement for DST in 
the MGIT 960 instrument (Becton Dickinson Diagnostic 
Systems, Sparks, MD). For cycloserine, the proportion 
method employed was modified according to Canetti 
[20]. In Romania, specimens were cultured on LJ 
medium. The proportion method was used to test isoni-
azid, rifampicin, ethambutol, streptomycin, kanamycin, 
amikacin, capreomycin, ofloxacin and ethionamide.

Genotyping
On extracted genomic DNA from the mycobacterial 
strains, spoligotyping and 24-loci MIRU-VNTR was 
done following standard protocols [21,22].

Whole genome sequencing and sequence data 
analysis
Libraries for sequencing were prepared from extracted 
genomic DNA with the Nextera XT library preparation 
kit and sequenced on the Illumina MiSeq next genera-
tion sequencing (NGS) platform in a 2 × 301 bp paired-
end run (Illumina, San Diego, US).

WGS data of sequenced isolates were submitted to 
the EMBL-EBI ENA sequence read archive (accession 
number: ERP013444). Resulting reads were mapped 

to the M. tuberculosis H37Rv genome (GenBank acces-
sion number: NC_000962.3) with the SARUMAN exact 
alignment tool [23]. The mean genomic coverage was 
at least 45-fold, with more than 99% of the reference 
genome covered for all isolates. Variants were called 
from mapped reads by in-house Perl scripts, asking for 
a minimum coverage of 10 reads and a minimum allele 
frequency of 75% as detection thresholds. Combining 
detected single nucleotide polymorphisms (SNPs) of 
all isolates, positions that matched the threshold lev-
els in at least 95% of all isolates were considered as 
valid and used for a concatenated sequence alignment 
excluding variants in resistance-associated or repeti-
tive regions of the genome.

We employed the BioNumerics software (Applied 
Maths NV, Belgium) to build a neighbour-joining tree 
from the 708 concatenated SNP positions. Putative 
transmission groups were predicted with a cut-off of 12 
distinct SNP positions (referred to as WGS12SNPs clus-
ters) [24].

All variants located on genes that were previously 
associated with mutations conferring drug resistance 
were extracted from the full set of detected variants, 
and the derived subset of variants was manually anno-
tated with published data [8,25-30].

Figure 3
Patient mobility per city/country and month, cluster of multidrug-resistant tuberculosis, Austria, Romania and Germany, 
2010 to 2014 (n = 10)
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WGS was performed at the NRL at the Research Center 
Borstel in Germany.

Epidemiological investigation
We used a self-designed form in all three countries 
to systematically compile patient information, direct 
epidemiological links (exposure of at least 8 hours 
or at least 40 hours to, respectively, a sputum smear- 
or culture-positive but sputum smear-negative source 
case) [31,32], and spatio-temporal information in terms 
of the patients’ city and country of stay per month 
from January 2009 to July 2014. The data sources were 
records of the responsible authorities and re-inter-
views of the patients III, IV, V, VI. The others could not 
be contacted, had reportedly moved away or did not 
follow the invitation by the authorities.

We compiled these data into a line list using Microsoft 
Excel and analysed them descriptively.

Legal framework and data protection
Patient data had been collected as part of routine 
case notification and contact investigation accord-
ing to the Tuberculosis Law (Tuberkulosegesetz) in 
Austria, Law Number 95/2006 on Health Reform in 
Romania, and the Protection against Infection Act 
(Infektionsschutzgesetz; IfSG) in Germany.

The collection of direct person-to-person links 
required international sharing of all patients’ names. 
The Decision Number 1082/2013/EU of the European 
Parliament and of the Council [33] stipulates that 

proper authorities may communicate personal data for 
contact tracing purposes through selective exchanges 
in the European Early Warning and Response System 
(EWRS). In Germany, authorisation to collect personal 
data under the terms of section 16(1) IfSG lies with local 
public health authorities while the national authority’s 
administrative involvement in handling personal data 
(section 25(1), IfSG) is restricted to international trav-
ellers (section 12(7) International Health Regulation 
Implementation Act).

Accordingly, in Germany, one of the responsible local 
authorities compiled the patients’ names, assigned 
random unique identifiers (IDs) and redistributed the 
key to authorities in charge of the patients in the three 
countries. The form was completed using the ID, the 
key destroyed and anonymous data shared with the 
German national TB contact point at the Robert Koch 
Institute (RKI) for analysis.

The investigation protocol had been positively evalu-
ated by data protection and legal departments of the 
RKI.

Results

Austria
In March 2014, M. tuberculosis (non-Beijing genotype) 
isolates from five MDR-TB patients in Austria were 
found to share the same spoligotype and 24-loci MIRU-
VNTR pattern ‘A’. Three patients (I–III) diagnosed from 
2010 to 2012, originated from the same city in Romania 

Table 1
Cluster of multidrug-resistant tuberculosis in Austria, Romania and Germany, demographic and clinical characteristics of 
the investigated patients, 2010 to 2014 (n = 13)

Patient ID
Country of residence 

at the beginning of the 
investigation

Sex Age group 
(years)

Country of 
birth

Month and year 
of diagnosis of 
current episode

Previous TB 
(year of 

diagnosis)
Site of disease

I Austria Female 30–39 Romania 03/2010 Yes 
(2001) Pulmonary

II Austria Male 50–59 Romania 01/2011 No Pulmonary

III Austria Female 30–39 Romania 03/2012 Yes 
(1998, 2003) Pulmonary

IV Austria Male 40–49 Austria 06/2013 No Pulmonary
V Austria Male 50–59 Austria 06/2013 No Pulmonary
VI Germany Female 30–39 Romania 12/2011 No Pulmonary
VII Germany Female 30–39 Romania 05/2011 No Pulmonary
VIII Germany Male 30–39 Nigeria 07/2011 No Extrapulmonary
IX Romania Male 40–49 Romania 01/2004 No Pulmonary

X Romania Male 50–59 Romania 12/2011 Yes 
(2011) Pulmonary

XI Romania Male 30–39 Romania 01/2014 No Pulmonary
XII Romania Male 20–29 Romania 12/2013 No Pulmonary

XIII Romania Female 60–69 Romania 01/2014 Yes 
(2004) Pulmonary

ID: unique patient identifier; TB: tuberculosis.



20 www.eurosurveillance.org

Ta
bl

e 
2

C
lu

st
er

 o
f m

ul
tid

ru
g-

re
sis

ta
nt

 tu
be

rc
ul

os
is 

in
 A

us
tr

ia
, R

om
an

ia
 a

nd
 G

er
m

an
y, 

ba
ct

er
io

lo
gi

ca
l c

on
fir

m
at

io
n 

an
d 

sp
ol

ig
ot

yp
e 

an
d 

24
-lo

ci
 M

IR
U

-V
N

TR
 p

at
te

rn
 o

f t
he

 is
ol

at
es

 fr
om

 
th

e 
in

ve
st

ig
at

ed
 p

at
ie

nt
s, 

20
10

 to
 2

01
4 

(n
 =

 1
3)

ID
Ba

ct
er

ia
l 

co
nf

irm
at

io
n

Ar
ch

iv
e 

ru
n 

ac
ce

ss
io

n
Sp

ol
ig

ot
yp

e
24

-lo
ci

 M
IR

U
-V

N
TR

15
4

42
4

57
7

58
0

80
2

96
0

16
44

19
55

20
59

21
63

b
21

65
23

47
24

01
24

61
25

31
26

87
29

96
30

07
31

71
31

92
36

90
40

52
41

56
43

48

I
ND

ER
R1

16
30

47
11

11
11

11
00

11
11

11
11

11
11

11
1

11
11

11
10

00
01

11
11

11
2

2
3

2
2

3
4

2
2

4
2

4
2

2
5

1
5

3
3

2
3

5
2

2

II
Cu

ltu
re

-p
os

, 
N

AA
T-

po
s,

 
ss

m
-p

os
 

ER
R1

16
30

48
11

11
11

11
00

11
11

11
11

11
11

11
1

11
11

11
10

00
01

11
11

11
2

2
3

2
2

3
4

2
2

4
2

4
2

2
5

1
5

3
3

2
3

5
2

2

III
Cu

ltu
re

-p
os

, 
N

AA
T-

po
s,

 
ss

m
-p

os
 

ER
R1

16
30

49
11

11
11

11
00

11
11

11
11

11
11

11
1

11
11

11
10

00
01

11
11

11
2

2
3

2
2

3
4

2
2

4
2

4
2

2
5

1
5

3
3

2
3

5
2

2

IV
Cu

ltu
re

-p
os

, 
N

AA
T-

po
s 

ER
R1

16
30

50
11

11
11

11
00

11
11

11
11

11
11

11
1

11
11

11
10

00
01

11
11

11
2

2
3

2
2

3
4

2
2

4
2

4
2

2
5

1
5

3
3

2
3

5
2

2

V
Cu

ltu
re

-p
os

, 
N

AA
T-

po
s 

ER
R1

16
30

51
11

11
11

11
00

11
11

11
11

11
11

11
1

11
11

11
10

00
01

11
11

11
2

2
3

2
2

3
4

2
2

4
2

4
2

2
5

1
5

3
3

2
3

5
2

2

VI
Cu

ltu
re

-p
os

, 
N

AA
T-

po
s,

 
ss

m
-p

os
 

ER
R1

16
30

52
11

11
11

11
00

11
11

11
11

11
11

11
1

11
11

11
10

00
01

11
11

11
2

2
3

2
2

3
4

2
2

4
2

4
2

2
5

1
5

3
3

2
3

5
2

2

VI
I

Cu
ltu

re
-p

os
, 

N
AA

T-
po

s,
 

ss
m

-p
os

 
ER

R1
16

30
53

11
11

11
11

00
11

11
11

11
11

11
11

1
11

11
11

10
00

01
11

11
11

2
2

3
2

2
3

4
2

2
4

2
4

2
2

5
1

5
3

3
2

3
5

2
2

VI
II

M
ic

ro
sc

op
y 

of
 E

P 
sp

ec
im

en
-p

os
 

ER
R1

16
30

54
11

11
11

11
00

11
11

11
11

11
11

11
1

11
11

11
10

00
01

11
11

11
2

2
3

2
2

3
4

2
2

4
2

4
2

2
5

1
5

3
3

2
3

5
2

2

IX
Cu

ltu
re

-p
os

 
ER

R1
16

30
55

11
11

11
11

00
11

11
11

11
11

11
11

1
11

11
11

10
00

01
11

11
11

2
2

3
2

3
3

3
2

2
4

2
4

2
2

5
1

5
3

3
2

3
5

2
2

X
Cu

ltu
re

-p
os

, 
ss

m
-p

os
 

ER
R1

16
30

56
11

11
11

11
00

11
11

11
11

11
11

11
1

11
11

11
10

00
01

11
11

11
2

2
3

2
2

3
4

2
2

4
2

4
2

2
5

1
5

3
3

2
3

5
2

2

XI
Cu

ltu
re

-p
os

, 
ss

m
-p

os
 

ER
R1

16
30

57
11

11
11

11
00

11
11

11
11

11
11

11
1

11
11

11
10

00
01

11
11

11
2

2
3

2
2

3
4

2
2

4
2

4
2

2
5

1
5

3
3

2
3

5
2

2

XI
I

Cu
ltu

re
-p

os
, 

ss
m

-p
os

 
ER

R1
16

30
58

11
11

11
11

11
11

11
11

11
11

11
11

1
11

11
11

10
00

01
11

11
11

2
3

4
2

4
3

1
2

2
3

2
3

2
3

6
1

5
3

3
2

2
5

2
2

XI
II

Cu
ltu

re
-p

os
, 

ss
m

-p
os

 
ER

R1
16

30
59

11
11

11
11

11
11

11
11

11
11

11
11

1
11

11
11

10
00

01
11

11
11

2
3

4
2

4
3

1
2

2
3

2
3

2
3

6
1

5
3

3
2

2
5

2
2

ID
: u

ni
qu

e 
pa

tie
nt

 id
en

tif
ie

r;
 M

IR
U

-V
NT

R 
ND

: 2
4-

lo
ci

 m
yc

ob
ac

te
ria

l i
nt

er
sp

er
se

d 
re

pe
tit

iv
e 

un
its

 v
ar

ia
bl

e 
nu

m
be

r o
f t

an
de

m
 re

pe
at

s;
 n

o 
da

ta
; s

sm
: s

pu
tu

m
 s

m
ea

r m
ic

ro
sc

op
y;

 s
ha

de
d 

ce
lls

: d
is

tin
ct

 m
ol

ec
ul

ar
 

ty
pi

ng
 p

at
te

rn
s.



21www.eurosurveillance.org

(Figure 1A, Table 1). They had moved to two different 
cities in Austria, seeking medical care for their com-
plicated MDR-TB. Two patients (IV and V) had been 
diagnosed with new MDR-TB in June 2013. They were 
residents of the same Austrian city to which patients 
I and II had moved and had no history of migration or 
international travel.

Contact tracing did not confirm any epidemiological 
link between patients I to IV. However, a link between 
patients IV and V was assumed; they had both fre-
quented the vicinity of the railway station and had 
problematic alcohol use.

Patient III reported having a sister diagnosed with 
MDR-TB living in Germany. This prompted the AGES to 
share the spoligotype and MIRU-VNTR pattern (Table 2) 
with Germany.

Germany
In early April, the NRL in Germany identified three iso-
lates with MIRU-VNTR pattern ‘A’. One isolate referred 
to the sister of patient III (patient VI), the second to 
another woman born in Romania (patient VII), and the 
third to a man born in West Africa with extrapulmonary 
non-MDR-TB (patient VIII; Figure 1B).
As five patients (I–III, VI and VII) reportedly originated 
from the same city in Romania, the Romanian national 
TB contact point was informed. In mid-April 2014, all 
three countries held their first telephone conference 
and agreed upon a joint investigation.

Romania
In Romania, in the absence of systematic MIRU-VNTR 
typing of MDR-TB strains, isolates from all five MDR-TB 
patients (IX–XIII) ever reported in the corresponding 

district were typed at the Austrian NRL. The isolate 
from patient IX had a unique MIRU-VNTR pattern ‘B’, 
the isolates from patients X and XI shared pattern ‘A’, 
and the ones from patients XII and XIII shared a dis-
tinct pattern ‘C’ and a different spoligotype (Figure 1C, 
Table 2).

Epidemiological investigation
Investigation forms were completed for patients II–XIII 
by seven public health authorities by September 2014. 
For patient I, only a laboratory report was available.

All patients were adults, five women and eight men; six 
had experienced migration (I–III and VI–VIII). Nine had 
new TB, four (I, III, X and XIII) had had previous TB, the 
first TB diagnosis dating back to year 1998 (III). All but 
patient VIII had pulmonary TB (Table 1).

The two sisters (III and VI) were confirmed to have a 
direct epidemiological link between them. Direct links 
were ruled out for persons II, III, IV, V, VII, IX and XII, 
and unknown for VI, VIII, X, XI and XIII. The assumed 
link between cases IV and V was negated when re-
interviewing the persons (Figure 1D).

The two sisters (III and VI) had crossed borders pre-
sumably while being infectious (Figures 2 and 3). Other 
patients with migration background had moved before 
2009 (II) or at an unknown date (I, VII, VIII). The mobil-
ity pattern did not preclude TB transmission events 
from patient II to patients IV and V in Austria, nor from 
patient III to patients X–XIII in Romania. The sisters 
III and VI had a space–time correlation in Romania in 
August 2011, however, only about one month before 
the beginning of the assumed infectious period of 
patient VI.

Table 3
Phenotypic drug susceptibility testing results, cluster investigation of multidrug-resistant tuberculosis, Austria, Romania 
and Germany, 2010 to 2014 (n = 13)

ID H R Z E Eth Pt PAS Rb Cs S Amk Kan Cap Ofl Mox Lev
I Res Res Res Sus ND Res Sus Res Sus Sus Sus ND Sus Res Res ND
II Res Res Res Res ND Res Sus Res Sus Res Sus ND Sus Sus ND ND
III Res Res Res Res Res Res Sus Res Res Res Sus ND Sus Res Res Res
IV Res Res Res Sus ND Res Sus Res Sus Res Sus ND Sus Sus Sus ND
V Res Res Res Sus Res Res Sus Res Sus Res Sus ND Sus Sus Sus ND
VI Res Res Res Res Res Res Sus Res Sus Res Res ND Res Sus ND ND
VII Res Res Res Res Res Res Sus Res Sus Res Sus ND Sus Sus ND ND
VIII Res Sus Res Sus Res Res ND ND ND Res ND ND Sus Sus ND ND
IX Res Res ND ND ND ND ND ND ND Res ND ND ND ND ND ND
X Res Res ND Res Sus ND ND ND ND Res Res Res Res Sus ND ND
XI Res Res ND Res Sus ND ND ND ND Res Sus Sus Sus Sus ND ND
XII Res Res ND Sus Sus ND ND ND ND Res Sus Sus Sus Sus ND ND
XIII Res Res ND Sus Sus ND ND ND ND Res Sus Sus Sus Sus ND ND

Amk: amikacin; Cap: capreomycin; E: ethambutol; Eth: ethionamide; ID: unique patient identifier; Kan: kanamycin; Lev: levofloxacin; Mox: 
moxifloxacin; ND: no data; H: isoniazid; Ofl: ofloxacin; PAS: para-aminosalicylic acid; Pt: protionamide; R: rifampicin; Rb: rifabutin; Res: 
resistant; Cs: cycloserine; S: streptomycin; Sus: susceptible; Z: pyrazinamide.
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Whole genome sequencing
WGS was completed by August 2014. WGS12SNPs 
divided cluster ‘A’ into two subgroups (one compris-
ing patients II, IV, V and X, the other patients III, VI, 
VII and XI), and two separate cases (I and VIII). The 
third WGS12SNPs cluster was congruent with genotyp-
ing pattern ‘C’ (Figure 1E). The isolates from patients 
II and IV, as well as II and V were distinct by 3 and 4 
SNPs, respectively. Isolates from patients XII and XIII 
were genetically identical (0 SNPs). The isolates from 
the epidemiologically linked sisters were distinct by 12 
SNPs.

The first two WGS12SNPs clusters spanned across bor-
ders, while the third was domestic (Figure 2).

The detected mutations mediating resistance to first-
line drugs correlated with phenotypic DST results. 
The isoniazid resistance-conferring mutation S315T in 
katG fully matched phenotypic isoniazid resistance; 
the same was observed for S450L or T400A in rpoB 
and rifampicin/rifabutin resistance and A146V in pncA 
and pyrazinamid resistance (information missing for 
patients IX–XIII). Two phenotypical ethambutol-suscep-
tible isolates harboured the known resistance-medi-
ating mutation M306I in embB; the resistant isolates 

showed either the mutation M306I or a combination of 
two mutations G406S and D1024N.

In addition, we detected resistance-mediating muta-
tions for streptomycin (rpsL K43R) and kanamycin/
amikacin (rrs 1401 A -> G). One of two quinolone-resist-
ant isolates shows a mutation in gyrA (A288D), a qui-
nolone resistance-associated gene. Among the five 
isolates phenotypically resistant to ethionamide, one 
harboured a frameshift insertion in ethA. Four out of 
eight phenotypical protionamide-resistant isolates, 
showed frameshift insertions in ethA (Tables 3 and 4). 
Patients in one WGS cluster shared a cluster-specific 
set of resistance-mediating mutations, patient X in 
cluster 1 and patient VI in cluster 2 had acquired an 
additional aminoglycoside resistance (rrs 1401 A -> G).

Discussion
We investigated a molecular cluster of MDR-TB in 
Austria, Romania and Germany. WGS combined with 
epidemiological information showed that isolates from 
patient II, seeking medical care in Austria, differed from 
the subsequently diagnosed Austrian patients IV and 
V by only 3 and 4 SNPs, respectively. This suggested 
that two MDR-TB transmission events had occurred in 
Austria. Isolates from patients III, VI, VII and XI, who 

Table 4
Genotypic drug susceptibility testing results, cluster of multidrug-resistant tuberculosis, Austria, Romania and Germany, 
2010 to 2014 (n = 13)

ID

H R R Z E E E Eth/Pt Eth/Pt Ami S SM PAS FQ

Rv1908c Rv0667 Rv0667 Rv2043c Rv3795 Rv3795 Rv3795 Rv3854c Rv3854c MTB000019 Rv3919c Rv0682 Rv2764c Rv0007

katG [26] rpoB 
[8,25]

rpoB 
[8,25] pncA [27] embB 

[8,28]
embB 
[8,28]

embB 
[8,28] ethA [29] ethA [29] Rrs [8] gidB [25] rpsL [25] thyA [30] gyrA [8]

I S315T a WT S450L a A146V a WT WT D1024N 
b WT Ins 802 

ag b WT Q125_ b WT R222Cb A288Db

II S315T a WT S450L a A146V a M306I a WT WT Ins 1391 
a b WT WT Q125_ b WT WT WT

III S315T a WT S450L a A146V a WT G406Sa D1024N 
b WT WT WT Q125_ b WT WT WT

IV S315T a WT S450L a A146V a M306I a WT WT Ins 1391 
a b WT WT Q125_ b WT WT WT

V S315T a WT S450L a A146V a M306I a WT WT Ins 1391 
a b WT WT Q125_ b WT WT WT

VI S315T a WT S450L a A146V a WT G406S a D1024N 
b WT WT 1401 A -> G a Q125_ b WT WT WT

VII S315T a WT S450L a A146V a WT G406S a D1024N 
b WT WT WT Q125_ b WT WT WT

VIII S315T a WT WT A146V a WT WT WT WT WT WT Q125_ b WT WT WT

IX S315T a WT S450L a A146V a M306I a WT D1024N 
b WT WT WT Q125_ b WT WT WT

X S315T a WT S450L a A146V a M306I a WT WT Ins 1391 
a b WT 1401 A- > G a Q125_ b WT WT WT

XI S315T a WT S450L a A146V a WT G406S a D1024N 
b WT WT WT Q125_ b WT WT WT

XII S315T a T400A a S450L a WT WT WT WT WT WT WT WT K43R1 WT WT

XIII S315T a T400A a S450L a WT WT WT WT WT WT WT WT K43R1 WT WT

Ami: aminoglycoside; E: ethambutol; Eth: ethionamide; FQ: fluroquinolones; ID: unique patient identifier; H: isoniazid; PAS: para-
aminosalicylic acid; Pt: protionamide; R: rifampicin; S: streptomycin; Z: pyrazinamide; WT: wild type.

a resistance mediating mutation.
b resistance associated variant.
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lived in three different countries but had the same city 
of provenance, differed by 6–12 SNPs from each other. 
Here, transmission is likely to have occurred before the 
patients moved abroad.

Close genetic similarity of isolates from different 
patients is highly unlikely to occur by chance. From 
well-described TB outbreaks we know that isolates 
gained within three years from patients with a direct 
epidemiological link usually differ by 5 or fewer SNPs 
[34,35]. In an outbreak of nine drug-susceptible TB 
cases in San Francisco, US, the isolates differed by 
0–2 SNPs per any transmission event that had resulted 
in a secondary case [6]. In a similar investigation in 
Germany, differences of 0–3 SNPs were found (n = 31) 
[7]. From a retrospective study of TB outbreaks, Walker 
and colleagues derived that epidemiological linkage 
is expected to be consistent with sequenced isolates 
differing in up to 5 SNPs; the absence of an epidemio-
logical link is consistent with more than 12 SNPs, while 
pairs of 6–12 SNPs were considered to be indetermi-
nate [24].

In our investigation, isolates from the two epidemiolog-
ically linked sisters differed by 12 SNPs. This strongly 
suggests one or more missing links in the transmission 
chain, namely a common source case for both sisters 
with possibly additional intermediate cases. Missing 
links may be the result of undetected TB cases, the 
restriction of our investigation to only one district 
in Romania, unavailable genotyping results, or from 
selection based on identical MIRU-VNTR patterns when 
a mutation affected a VNTR locus even though isolates 
differed only by few SNPs [6].

We investigated a single scenario and may not draw 
conclusions about the extent of cross-border transmis-
sion of MDR-TB in the EU. The ECDC MDR-TB molecu-
lar surveillance project investigated 2,092 MIRU-VNTR 
patterns of isolates from 24 contributing EU Member 
States from 2003 to 2011 [19]. In total, 941 cases in 79 
European multiple-country clusters were detected and 
1,086 cases were allocated to national clusters. That 
study was solely based on genotyping data. In the UK, 
24-loci MIRU-VNTR typing and epidemiological surveil-
lance data were linked and jointly interpreted, and 
8.5% of the MDR-TB cases were attributed to recent 
domestic transmission [36]. Similar nationwide evalu-
ations are missing for our countries.

A high proportion of imported MDR-TB in low-incidence 
countries does not necessarily entail ongoing MDR-TB 
transmission when early case detection, infection con-
trol and adequate treatment succeed [19]. A systematic 
review for the EU/European Economic Area indicates 
that TB in the foreign-born population has no signifi-
cant influence on TB in the native population [37].

Beyond higher resolution in TB outbreak investigation, 
WGS provided us in addition with information on drug 
resistance of the bacteria. We could identify mutations 

mediating pyrazinamide resistance in previously not 
tested isolates and mutations mediating ethambutol 
resistance in two samples with susceptible phenotypic 
DST results. However, our data on mutations mediating 
drug resistance to ethionamide, protionamide and the 
quinolones showed discrepancies between phenotypi-
cal and genotypical DST. A comprehensive database of 
characterised mutations is needed to extend the usa-
bility of WGS in predicting drug resistance, e.g. in order 
to provide rapid and effective treatment in outbreaks 
of drug-resistant TB. The concordance of resistance-
mediating mutations in each WGS cluster confirmed 
transmission of MDR strains rather than treatment fail-
ure and new acquisition of MDR in each patient [10].

Our investigation was subject to limitations. The col-
lection of direct epidemiological links yielded little 
information. It was difficult to differentiate whether a 
specific contact was absent (e.g. due to missing links), 
unknown (exposures in public space, recall bias) or 
non-reported (reluctance to name persons). Spatio-
temporal data did not cover all patients’ presumed 
infectious periods and travel history. Their low resolu-
tion (per city/country and month) allowed us to judge 
whether a contact was possible at all, but not to explore 
new exposure settings or events. More detailed inves-
tigations are difficult given long infectious periods and 
serial intervals in TB transmission chains.

The clinical characteristics ‘cavitary disease’ and ‘HIV 
status’ were not assessed as they are not notifiable 
everywhere, although relevant to assessing infectious-
ness and transmission risks. For patient I, it remained 
unclear which local public health authority was in 
charge. This highlights the challenge in transferring 
patient reports when patients are highly mobile.

We learned that the choice of methods and the order in 
which we use them can play a significant role. If WGS 
had been used initially and had led to the detection of 
the close genetic relationship between isolates from 
patients II, IV and V in Austria, a cross-border investi-
gation might not have been initiated.

The cross-border investigation of a single genotyping 
cluster of TB can become complex and labour-intensive 
with uncertain public health benefits. In our case, there 
were no implications for contact tracing, which had 
already been completed. However, such investigation 
as ours may detect previously undetected individuals 
with TB. While investigations might get more efficient 
with increasing routine, each cluster brings together a 
new group of competent authorities that need to estab-
lish collaboration. Systematic and timely integration of 
genotyping and sequencing data into TB surveillance 
improves the understanding of transmission in a given 
country and internationally [38].

Topical issues remain: Should WGS replace 24-loci 
MIRU-VNTR as a standard? By when? How should we 
collect, analyse and interpret sequencing data within 
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routine TB surveillance [39] and evaluate utility? How 
should we prioritise cluster investigations? Are there 
reliable predictors of cluster growth [40-43]? Will epi-
demiological links remain an essential component in 
TB outbreak definitions, i.e. may we use the term ‘out-
break’ solely based on WGS results when epidemiolog-
ical links cannot confirmed? How can we collaborate 
most efficiently across borders when contact networks 
are complex and personal data are to be shared by eve-
ryone with everyone else? Could a secure interactive 
online platform complement communication channels 
such as EWRS?

Conclusion
Our joint cross-border investigation clarified a trans-
boundary MDR-TB transmission scenario. The applied 
methods complemented each other: genotyping results 
prompted our investigation, classic epidemiological 
data anchored the cluster in time and space, and WGS 
allowed a high resolution of transmission and new 
information on drug-resistance.

To prevent further MDR-TB transmission within and 
between countries, we need to ensure universal access 
to early and adequate therapy in order to reduce incen-
tives to seek medical care abroad and to ensure infec-
tion control and seamless collaboration in TB care 
beyond administrative borders [44].
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Hepatitis C virus (HCV) infection is considered by the 
World Health Organization (WHO) to be a serious pub-
lic health concern and one of the major public health 
priorities. In 2005, it was estimated that there are 185 
million anti-HCV positive people in the world, which 
constitutes 2.8% of the global population. Our study 
estimates the anti-HCV seroprevalence in the work-
ing age population (15–64 years-old), mostly urban 
and suburban residents, in Poland from 2004 to 2014. 
The studied group consisted of 61,805 working-age 
population representatives whose data were obtained 
from electronic medical records of an outpatient clinic 
network operating on a countrywide level. Positive 
anti-HCV test results were obtained in 957 patients, 
representing 1.5% of the whole population studied 
throughout the analysed period. The average age of 
all anti-HCV positive patients was 36.8 years. Analysis 
of the data suggests that the proportion of anti-HCV 
positive patients decreased over the study period 
(mean positive anti-HCV  =  -0.0017  ×  year + 3.3715; 
R2 = 0.7558). In 2004, positive results were noted 
among 3.2% of patients undergoing HCV antibody 
tests, but in 2014, the percentage of patients with a 
positive result stood at 1.1%. The apparent decrease 
affected men and women similarly. Our study also pro-
vides evidence that screening people born before 1965 
could be beneficial.

Introduction
Liver cirrhosis, liver failure and hepatocellular carci-
noma are possible long-term consequences of untreated 
hepatitis C virus (HCV) infection [1-5], which the World 
Health Organization (WHO) considers as a serious pub-
lic health concern and one of the major public health 
priorities [6]. HCV is transmitted mostly by percutane-
ous exposure to blood [7,8], including intravenous drug 
injection, which is becoming an important route, espe-
cially in developed countries [9,10]. Mother-to-child 
transmission occurs as well; however, it is relatively 

uncommon, affecting an estimated 4% of children of 
HCV-infected mothers [11,12].

In 2005, ca 185 million people in the world, corre-
sponding to approximately 2.8% of the global popula-
tion, were estimated to be anti-HCV positive [13]. The 
prevalence of HCV infection ranges from 1.2% to 3.8% 
in different parts of the world and is highest in central 
Asia (3.8%), east Asia (3.7%) and North Africa/Middle 
East (3.6%) [14,15]. In the United States (US), HCV 
infection prevalence is at 1.6% (2.1% in men and 1.2 
% in women) and higher (75% of all cases) in people 
born between 1945 and 1965 [16]. For this reason, both 
the Centers for Disease Control and Prevention (CDC) 
as well as the American Gastroenterology Association 
(AGA) recommend screening for all individuals born in 
this period [17,18].

A study from 2014, based on comprehensive literature 
search anti-HCV prevalence, found the prevalence in 
Europe to vary from 0.9% in western Europe, through 
1.3% in central Europe to 3.3% in eastern Europe [19]. 
A report from the European Centre for Disease Control 
and Prevention estimates that in European Union (EU)/
European Free Trade Association (EFTA) countries over 
half of persons with HCV infection in 2006 are in the 
25–44 year age group and overall men (64.4%) are more 
affected than women (35.6%) [20]. From the 1990s up 
to 2007, new infections appeared to decline in western 
Europe, while they increased in eastern Europe, pos-
sibly due to rising numbers of people who inject drugs 
(PWIDs) in the east and effective needle sharing pro-
grammes in the west [15,21,22].

In Poland, newly diagnosed HCV infections are regis-
tered and monitored by the National Institute of Public 
Health since 1997 [23,24]. The data are based on for-
mal notifications from local Sanitary Inspectorates 
of newly diagnosed HCV infections according to the 
national case definition [25]. A regulation of the 
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Minister of Health of 20 September 2012 made anti-
HCV tests mandatory in all pregnant women from that 
year onwards [26].

The latest estimates for HCV infection incidence in the 
country are 7.99 newly diagnosed cases per 100,000 
inhabitants in 2014 [27] and, preliminarily, 11.14 newly 
diagnosed cases per 100,000 inhabitants in 2015 
[24]. HCV infection incidence is much higher in the 
cities (10.7/100,000 inhabitants) than in rural areas 
(4.82/100,000 inhabitants) and in men (8.58/100,000) 
than in women (7.44/100,000) [27]. As acute HCV infec-
tion is usually asymptomatic, 86% of infected people 
in Poland are estimated to be unaware of their infec-
tion [14,28]. Therefore increasing the diagnosis rate 
of infected persons is important [2], not only to more 
timely treat hepatitis C, but also to stop further spread 
of HCV. 

Research on HCV prevalence in Poland has so far 
mainly focused on specific groups (healthcare workers, 
patients, volunteers, students, blood donors, pregnant 
women) or on selected areas of Poland [28-36]. There 
are no epidemiological data for the prevalence of HCV 
in the general working age population over the whole 
country, especially based on a large population sam-
ple. The purpose of this study is therefore to estimate 
the anti-HCV seroprevalence in the working age popu-
lation of Poland, using real-life data obtained from 
medical records of countrywide outpatient clinics, and 

accordingly formulate recommendations on age-related 
HCV infection screening.

Methods

Data source
Data were obtained in February 2015 from electronic 
medical records of a large countrywide outpatient 
clinic network operating mainly in big cities (with more 
than 300,000 inhabitants) representing the capitals of 
11 of the 16 regions in Poland (Bialystok, Bydgoszcz, 
Gdańsk, Katowice, Krakow, Lublin, Łódź, Poznań, 
Szczecin, Warszawa, Wrocław). The clinics provide 
medical services predominantly to urban and subur-
ban inhabitants with a negligible share of patients 
from rural areas. It is estimated that study clinics are 
accessible to a total of 6 million city dwellers (15% of 
the Polish population).

Testing for hepatitis C virus antibodies
In order to estimate the seroprevalence in the study 
population, only the results of anti-HCV were analysed. 
Anti-HCV in serum was detected by electrochemilumi-
nescence (Roche, ECLIA) and the detection method did 
not change throughout the study period. All patients 
with positive results had been referred to special infec-
tious disease clinical departments in order to undergo 
confirmatory HCV RNA tests if necessary; therefore, 
those results were not available in the anonymous 
dataset. Anti-HCV true positive results were not con-
firmed by immunoblotting. Such a limited approach 
without final confirmation of anti-HCV positivity was 
applied on the basis of the European Association for 
the Study of the Liver (EASL) recommendations, stat-
ing that immunoblotting is not recommended to distin-
guish false positive and true positive anti-HCV result. 
In order to confirm current viraemia, an HCV RNA test 
ought to be performed, however this was not the aim 
of this study [37].

The clinical sensitivity of the test used to detect anti-
HCV is estimated at 100% (95% confidence interval 
(CI): 99.61–100%), the specificity at 99.62% (95%CI: 
99.71%–99.92%) [38].

Study population
The total population aimed to be investigated in the 
study consisted of patients who had been tested for 
anti-HCV at least once in the period from 2004 to 
2014. The study group was extracted from the pool of 
all medical records of 1.5 million individuals who had 
been consulted by any doctor in this period. Available 
records included information on: unique patient num-
ber, sex, date of test, age at the date of testing, diag-
nosis related to the test referral and test result. Only 
the latest result of testing was included into the study 
pool, which finally comprised 61,805 single test results 
of unique patients. The study group was limited to 
working age population representatives, aged 15–64 
years. The working age population was defined accord-
ing to the definition of the Organisation for Economic 

Figure 1
Proportions of hepatitis C virus antibody positive tests 
among the study population, stratified by year and sex, 
Poland, 2004–2014 (n = 61,805 patients)
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Co-operation and Development (OECD) [39]. In Poland, 
the working age population consists of 25 million peo-
ple including 11.768 million women and 12.971 million 
men.

Data analysis

Analysis of the population tested for hepatitis C virus 
antibodies
The total population tested for anti-HCV was divided 
into 10-year age groups stratified by sex and the year 
of testing for time analysis. In each subgroup, the total 
number of patients tested was used as a denominator.
Analysis of the population testing positive for hepatitis 
C virus antibodies

The number of persons with a positive result for HCV 
antibody were available each year along with demo-
graphical data (sex and age). The rate of total positive 
tests was calculated and stratified by sex and age. The 
analyses by age group were conducted by comparing 
the number of patients, the number of tests and the 
number of positive/negative results for HCV antibody. 
Two classifications according to age were used. In the 
first classification the study population age range was 
split into 10 year-age groups. In the second classifica-
tion, since the US data indicated a higher prevalence 
of HCV in people now aged 50 to 70 years [16], the per-
centage of positive anti-HCV test results was accord-
ingly analysed in age groups 15 to 49 years and over 
50 years. 

The mean rates of positive patients were analysed over 
time by regression analysis and stratified by sex.

Analysis of testing and positive tests by referral group
A number of referrals for anti-HCV test (n = 36,356) had 
preliminary diagnosis information (according to ICD-10 
coding) [40]. We compiled those diagnoses into spe-
cific groups for further analyses (Table 1). Both 3-digi-
tal and 5-digital ICD-10 codes were aggregated. 

Statistical methods
Data were analysed using STATISTICA (data analy-
sis software system), version 12, (www.statsoft.com) 

StatSoft, Inc. (2014) US, to calculate the incidence of 
newly diagnosed cases per year, and the prevalence in 
the entire examined population. The independent-sam-
ple t-test was used for normally distributed variables, 
and the nonparametric Mann–Whitney U test was used 
for not normally distributed parameters. Significance 
was set at p < 0.05. Using linear regression analysis, 
the trend of the number of the incidence as a function 
of time (years) was calculated and the R-square value 
evaluated the goodness of fit of the regression.

Results

Characteristics of the study population

Overall characteristics
A total of 61,805 single patient records were consid-
ered in the study, spanning the period from 2004 to 
2014 (Table 2). Men (n  =  19,531) accounted for 31.6% 
of the total study group. The overall average age of 
patients was 34.4 years (standard deviation (SD): 8.6). 
The average age of men was 36.5 years (SD: 9.6). The 
average age of women was 33.4 years (SD: 7.9) (Table 
3).

Analysis by age group
The most represented age group in terms of number 
of individuals was the one comprising 25 to 34 year-
olds (n = 35,047 patients; 56.7%) and the least numer-
ous group comprised persons over 55 years (n = 2,626 
patients; 4.2%) (Table 4).

Time analysis of testing practices
The number of patients examined for anti-HCV 
increased steadily with time, from 815 patients in 
2004, to 14,963 in 2014 (Table 2).

The percentage of all medical-facility-patients tested 
yearly increased from 0.9% (815/88,177) in 2004 to 
4.0% (14,963/376,637) in 2014. Data showed a grow-
ing proportion of women being examined. In 2004, a 
similar number of men and women underwent anti-
HCV tests (50.3% (410/815) of women and 49.7% 
(405/815) of men), whereas in 2014, women accounted 
for 79.1% (11,620/14,693). This increase may reflect 

Table 1
Aggregated ICD-10 diagnoses accompanying referrals for testing hepatitis C virus antibodies, Poland, 2004–2014 
(n = 36,356 patients)

Diagnosis ICD-10- codes Group 
Pregnancy and pregnancy-related conditions O20, O24, O26, Z32, Z34, Z35 1
Preventive consultations of generally healthy persons Z00, Z01, Z02, Z10, Z24, Z29, Z31, Z71, Z76 2
Various symptoms and signs R10, R53, R68, R69, R72, R79, Z03, Z04 3
Fatty liver disease K76, E78 4
Hypertransaminasaemia R74 5
Others Other than the above 6
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legal requirements for prenatal care during pregnancy 
in Poland, with HCV testing becoming compulsory for 
pregnant women from 2012 onwards (Table 5) [26].

Characteristics of the population testing 
positive for hepatitis C virus antibodies

Overall characteristics
Throughout the analysed period, 1.5% patients 
(957/61,805) undergoing anti-HCV examination tested 
positive. Averaged positive results for women and men 
were 1.3% (558/42,274) and 2.0% (399/19,531) respec-
tively (p = 0.0001). The average age of all anti-HCV 
positive patients was 36.8 years (SD: 9.8). The average 
age of anti-HCV positive women was 36.0 years (SD: 
9.8), and the average age of men with positive test 
results was 37.8 years (SD: 9.7).

Analysis by age group
Most anti-HCV positive cases occurred in patients 
aged 45–54 years (2.9% of tested patients 147/5,107) 
and in patients older than 55 years (2.6% of tested 
patients 68/2,626). The lowest proportions of positive 
test results were noted in the youngest patients: 1.2% 
(436/35,047) among patients aged 25 to 34 years and 
1.5% (52/3,411) among patients aged 15 to 24 years.

In the group of tested women, among those older than 
25 years, the percentage of positive anti-HCV test 
results increased with age, being lowest among women 
aged 25–34 years (1.1%; 285/26,632) and 35–44 years 
(1.4%; 132/9,444), and highest for women aged over 55 
years (3.2%; 43/1,394). For the youngest group com-
prising 15 to 24 year-olds, the value 1.5% (33/2,234) 
was similar to that of the group of 35 to 44 year-olds 
(1.4%; 132/9,444). In the group of tested men, the 
smallest proportion of infections was found in the 15 
to 24 years age group (1.6%; 19/1,177) and increased 

Table 2
Annual numbers of patients tested for hepatitis C virus (HCV) antibodies and proportions testing positive, stratified by sex, 
Poland, 2004–2014 (n = 61,805 patients)

Year 

All patients Women Men

P valueNumber of 
anti-HCV 

tests

Number of 
positive 
results

Percentage 
of positive 

results

Number of 
anti-HCV 

tests

Number of 
positive 
results

Percentage 
of positive 

results

Number of 
anti-HCV 

tests

Number of 
positive 
results

Percentage 
of positive 

results
2004 815 26 3.2% 410 14 3.4% 405 12 3.0% 0.7143
2005 1,366 32 2.3% 766 14 1.8% 600 18 3.0% 0.1553
2006 1,210 29 2.4% 650 13 2.0% 560 16 2.9% 0.3314
2007 1,761 43 2.4% 961 26 2.7% 800 17 2.1% 0.4322
2008 3,033 47 1.6% 1,648 25 1.5% 1,385 22 1.6% 0.8740
2009 4,263 75 1.8% 2,477 44 1.8% 1,786 31 1.7% 0.9208

2010 5,250 116 2.2% 3,243 57 1.8% 2,007 59 2.9% 0.0075

2011 7,378 149 2.0% 4,970 86 1.7% 2,408 63 2.6% 0.0180
2012 9,527 133 1.4% 6,730 78 1.2% 2,797 55 2.0% 0.0059
2013 12,239 141 1.2% 8,799 88 1.0% 3,440 53 1.5% 0.0216
2014 14,963 166 1.1% 11,620 113 1.0% 3,343 53 1.6% 0.0090
Total 61,805 957 1.5% 42,274 558 1.3% 19,531 399 2.0% 0.0001

Table 3
Characteristics of the study population and that testing positive for hepatitis C virus antibodies, Poland, 2004–2014 
(n = 61,805 patients)

Participants Sex Mean age Standard deviation Number of persons Column percentage

Study participants
F 33.4 7.9 42,274 68.4%
M 36.5 9.6 19,531 31.6%

Total 34.4 8.6 61,805 100.0%

Study participants testing positive
F 36.0 9.8 558 58.3%
M 37.8 9.7 399 41.7%

Total 36.8 9.8 957 100.0%

F: female; M: male.
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with age up to 3.2% (82/2,536) in the age group includ-
ing 45 to 54 year-olds. For individuals over 55 years the 
value was similar (2.0%; 25/1,232) to that of the age 
group with 35 to 44 year-olds (2.0%; 122/6,170) (Table 
3).

Because a higher prevalence of HCV was reported 
in 50 to 70 year-olds in the US [16], the percentage 
of positive anti-HCV test results was also analysed 
in age groups 15 to 49 years (representing 92.1% of 
those tested 56,921/61,805) and over 50 years (7.9%; 
4,884/61,805). A higher percentage of anti-HCV posi-
tive patients was found in those aged over 50 years 

(2.7%; 132/4,884) compared with younger participants 
(1.4%; 825/56,921) (p < 0.0001). This percentage was 
higher for both women and men aged over 50 years, 
with, in women 3.0% (78/2,598) vs 1.2% (480/39,676) 
in those aged under 50 years (p = 0.0001) and, in men, 
2.4% (54/2,286) vs 2.0% (345/17,245) in those less 
than 50 years-old (p = 0.2507).

Time analysis of patients testing positive for hepatitis C 
virus antibodies
An analysis of the data in the years 2004 to 
2014 suggests a downward trend for the propor-
tion of positive anti-HCV results (mean positive 

Table 4
Results of anti-hepatitis C virus tests stratified by patient age groups and sex in a study estimating hepatitis C 
seroprevalence, Poland, 2004–2014 (n = 61,805 patients)

Age group 
(years)

All patients Women Men

P value
Number 

Number 
testing 

positive 
for HCV 

antibodies

Percentage 
testing 

positive 
for HCV 

antibodies

Number 

Number 
testing 

positive 
for HCV 

antibodies

Percentage 
testing 

positive 
for HCV 

antibodies

Number 

Number 
testing 

positive 
for HCV 

antibodies

Percentage 
testing 

positive 
for HCV 

antibodies
15–24 3,411 52 1.5% 2,234 33 1.5% 1,177 19 1.6% 0.7561
25–34 35,047 436 1.2% 26,632 285 1.1% 8,416 151 1.8% 0.0001
35–44 15,614 254 1.6% 9,444 132 1.4% 6,170 122 2.0% 0.0051
45–54 5,107 147 2.9% 2,591 65 2.6% 2,536 82 3.2% 0.1318
55–64 2,626 68 2.6% 1,394 43 3.2% 1,232 25 2.0% 0.0893

15–49 56,921 825 1.4% 39,676 480 1.2% 17,245 345 2.0% 0.0001
50–64 4,884 132 2.7% 2,598 78 3.0% 2,286 54 2.4% 0.1687
Total 61,805 957 1.5% 42,274 558 1.3% 19,531 399 2.0% 0.0001
Mean age 
in years 
(SD) 

34.4 
(8.6) 36.8 (9.8) 100.0% 33.4 

(7.9) 36.0 (9.8) 58.3% 36.5 (9.6) 37.8 (9.7) 41.7% 0.0001

HCV: hepatitis C virus; SD: standard deviation.

Table 5
Proportions of patients undergoing anti-hepatitis C virus tests, Poland, 2004–2014 (n = 61,805 patients)

Year
All patients Women Men 

Number Number 
tested

Percentage 
tested Number Number 

tested
Percentage 

tested Number Number 
tested

Percentage 
tested

2004 88,177 815 0.9% 45,417 410 0.9% 42,760 405 0.9%
2005 106,464 1,366 1.3% 54,484 766 1.4% 51,980 600 1.2%
2006 127,195 1,210 1.0% 64,518 650 1.0% 62,677 560 0.9%
2007 157,238 1,761 1.1% 80,478 961 1.2% 76,760 800 1.0%
2008 200,031 3,033 1.5% 103,257 1,648 1.6% 96,774 1,385 1.4%
2009 219,905 4,263 1.9% 114,630 2,477 2.2% 105,275 1,786 1.7%
2010 240,307 5,250 2.2% 125,217 3,243 2.6% 115,090 2,007 1.7%
2011 269,140 7,378 2.7% 139,882 4,970 3.6% 129,258 2,408 1.9%
2012 303,813 9,527 3.1% 157,812 6,730 4.3% 146,001 2,797 1.9%
2013 335,526 12,239 3.6% 173,902 8,799 5.1% 161,624 3,440 2.1%
2014 376,637 14,963 4.0% 195,787 11,620 5.9% 180,850 3,343 1.8%
Total 2,424,433 61,805 2.5% 1,255,384 42,274 3.4% 1,169,049 19,531 1.7%
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anti-HCV = -0.0017  ×  year  +  3.3715;  R2  =  0.7558) 
(Figure).

In 2004, positive results were noted in 3.2% (26/815) 
of patients examined for anti-HCV, but in 2014 the 
percentage of patients with a positive result stood at 
1.1% (166/14,693). Similar tendencies were observed 
in both women and men. In 2004, the percentage of 
anti-HCV positive results in women was 3.4% (14/410), 
and in men 3.0% (12/405) (p > 0.05), whereas in 2014, 
anti-HCV positive results were noted among 1.0% 
(113/11,620) of women and 1.6% (53/3,343) of men 
(p = 0.0090).

Referral group testing and test results
We analysed the diagnoses ascribed to each anti-HCV 
test referral. The predominant reason for anti-HCV test-
ing was pregnancy and pregnancy-related conditions 
– 44.4% (16,130/36,356) –, followed by preventive test-
ing of otherwise healthy people (occupational health 
or preventive screening) with 17.8% (6,456/36,356). 
Various symptoms and signs were the reason for test-
ing in 14.2% of patients (5,151/36,356), fatty liver 
disease in 3.1% (1,115/36,356) and elevated alanine 
transaminase levels (ALT) as single diagnosis in 3.0% 
(1,093/36,356) (Table 6). Only 0.8% (122/16,130) of 
patients with a diagnosis of pregnancy and pregnancy-
related conditions were anti-HCV positive. Preventive 
action and anti-HCV testing revealed positive results in 
1.2% (75/6,456), of patients, while 2.1% (108/5,151) of 
patients with various symptoms and signs were anti-
HCV positive, as well as 3.4% (23/1,115) of patients with 
a diagnosis of fatty liver disease and 3.7% (25/1,093) 
of people with elevated ALT (Table 6).

Discussion
Our study presents an evaluation of anti-HCV preva-
lence in a large country-wide sample of (sub)urban 

working-age Polish people between 2004 and 2014. 
Data from electronic medical records of ambulatory 
patients visiting doctors due to different conditions, 
including prophylactic and screening reasons, were 
analysed. The overall anti-HCV prevalence in our study 
was 1.5%. Similar to previous studies [29,30] and stud-
ies from other countries [41-43], anti-HCV positivity 
was significantly more frequent in men than women 
(2.0% vs 1.3% respectively; p = 0.0001). 

We also found that in contrast to younger age groups 
(15 to 49 years), anti-HCV prevalence in people aged 
between 50 and 64 years was higher (2.7% vs 1.4%; 
p  <  0.0001), and surprisingly more frequent in women 
(3.0%) than men (2.4%) although, this difference 
was not statistically significant. Higher HCV infection 
prevalence in people born before 1965 has also been 
observed in the US [16], therefore, the recommenda-
tion of CDC and AGA to screen people born before 1965 
[17,18] might also be justified in Poland and could be 
implemented as part of primary healthcare. According 
to the authors’ own research on 16,130 pregnant 
women, the prevalence of HCV in this group was only 
0.8% which is close to the European average (1%) [44]. 
Low anti-HCV prevalence in pregnant women and high 
prevalence in people of post-reproductive age might 
be a subject of debate in terms of allocating effec-
tive financial resources for HCV screening in these two 
groups.

To our knowledge, our study constitutes one of the 
currently largest performed in the Polish population 
of working age. Indeed, although previous studies in 
the country have attempted to assess HCV prevalence, 
these have either been conducted either some time 
ago, or have been mainly based on small samples and/
or on selected population groups – pregnant women, 
students, blood donors or deceased organ donors 

Table 6
Primary diagnoses resulting in the referral for anti-hepatitis C virus tests, Poland, 2004–2014 (n = 36,356 patients)

LBID012_Diagnosis 
Number of 

patients 
tested 

Number of 
patients 

with positive 
results 

Proportion 
of positive 

patients 

Proportion of 
positive  
women 

Proportion 
of positive 

men 

Proportion 
positive in 

column 

Proportion 
of diagnosed 

patients 

Pregnancy and pregnancy related 
conditions 16,130 122 0.8% 0.8% NA 25.4% 44.4%

Preventive consultations of 
generally healthy personsa 6,456 75 1.2% 0.7% 1.0% 15.6% 17.8%

Various symptoms and signs 5,151 108 2.1% 1.0% 2.1% 22.5% 14.2%
Hypertransaminasaemiab 1,093 25 3.7% 1.1% 1.7% 5.2% 3.0%
Fatty liver disease 1,115 23 3.4% 0.8% 1.7% 4.8% 3.1%
Othersc 6,411 127 1.5% 0.9% 2.6% 26.5% 17.6%
Total 36,356 480 1.1% 0.8% 1.9% 100.00% 100.0%

NA: not applicable.
a Spontaneous or obligatory health check-ups.
b Excluding people with elevated transaminase level as a reason of additional anti-HCV test.
c Most often before surgical procedures.
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– with, in some cases, only a single district or town in 
the country considered [28,29,31-35,45]. For example, 
the study by Bielawski et al. in 1999, which is still the 
point of reference for many epidemiological studies on 
HCV infection in Poland, was conducted on a group of 
2,561 volunteers enrolled by a laboratory in Gdansk 
in response to press advertisements. It estimated the 
overall HCV infection prevalence at 1.9% [29], with 
2.3% of men versus 1.7% of women seropositive for 
hepatitis C virus antibodies. Limitations of this study 
were however the restricted geographical area and the 
group chosen to be tested (volunteer bias) [29]. Since 
then, larger studies have been performed, an impor-
tant one being that of Seyfried et al., where 4,233,119 
blood donors were screened between 1994 and 2003. 
Anti-HCV prevalence in this group was found to be on 
average 0.5% [36]. The most recent study by Flisiak et 
al. in 2011, which was performed from 2009 to 2010 in 
26,057 Polish adults (healthcare workers and hospital 
patients), presented anti-HCV prevalence in healthcare 
workers at 1.4%, whereas in ambulatory patients of dif-
ferent general practice and specialist outpatient clinics 
it was 1.9% [30]. Here we investigate 61,805 people of 
working-age over the whole country between 2004 and 
2014 and find a prevalence of 1.5%, similar to what is 
currently estimated for central Europe (1.3%) [19]. 

Hepatitis C infection has been registered as a dis-
tinct disease entity in Poland since 1997. Until 2004, 
the annual number of newly diagnosed cases of HCV 
infection, logged by the National Institute of Hygiene, 
did not exceed 2,000. In the years 2005 and 2006 the 
number increased to 3,000 (2,997 and 2,949 in each 
year respectively), but this increase was most likely 
caused by the modification of disease reporting meth-
ods. In the following years, the number of newly diag-
nosed cases decreased steadily (2,753 in 2007, 2,353 
in 2008). Since 2009 however, another upward trend 
can be observed. The number of reported cases of 
new HCV infections in Poland accumulated to 1,891 in 
2009, 2,178 in 2010, 2,189 in 2011, 2,265 in 2012 and 
increased to 2,600 cases in 2013 [46]. 

Our analysis on the proportions of persons with HCV 
antibodies in working age people from 2004 to 2014 
does not find such an increasing trend in the latest 
years of the study. Instead we find a higher propor-
tion of patients with HCV antibodies in the first year 
of the study compared to the end of the analysed 
period (3.2% in 2004 vs 1.1% in 2014). This could be 
due to a general drop in HCV infections in working age 
people, but also to a change of indication for testing. 
Indeed, the most common indication for evaluating 
HCV serological status in the early years of the study 
was elevated serum ALT, which per se is regarded as a 
laboratory manifestation of liver injury. With the intro-
duction of obligatory anti-HCV testing in all pregnant 
women from 2012 onwards, the proportion of anti-HCV 
positive persons dropped significantly, possibly com-
ing closer to the actual prevalence of HCV infection in 
this relatively young and overall healthy group.

This study presents however a number of limitations. 
First, the prevalence of HCV infection is known to vary 
according to risk groups. The study by Flisiak et al. on 
17,930 persons found that significant factors of HCV 
infection in Poland are more than three hospitalisations 
during a life time (odds ratio (OR) = 1.8), blood transfu-
sion before 1992 (OR = 2.9) and intravenous drug use 
(OR = 6.2) [30]. Transmission of HCV via intravenous 
drug use has been increasingly observed and in 2007, 
10 of 16 million of PWID worldwide were estimated to 
be HCV positive. The number of active PWIDs in the 
EU is estimated at ca 1 million [10]. In Poland, 70% of 
PWIDs are infected with HCV, predominantly men under 
45 years of age [47]. In our study, we had no access to 
individual medical records; therefore, intravenous drug 
use could not be accounted for. Moreover, we did not 
have information on patients’ profession either, so we 
could not evaluate any possible occupational risk. 

Second, our study only analysed HCV antibody preva-
lence, and western blot tests were not performed. Thus 
results do not distinguish between current infections 
and probable infections in the past (resolved infection). 
A final diagnosis of current HCV infection requires the 
finding of HCV RNA in serum samples by RT-PCR. We 
had no access to HCV RNA results that were stored 
in the form of scans and required patients’ consent 
for access. The results of this study can therefore not 
be compared with any studies using the EU HCV case 
definition [48]. A Polish study in 2011 showed that only 
31% of those with HCV antibodies were also positive 
for HCV RNA by RT-PCR [30]. Moreover the sensitivity 
of the electrochemiluminescence (Roche, ECLIA) assay 
used in this study is very high, so specificity will be 
lower, which may result in false positive results. Taking 
these points into consideration, the prevalence of cur-
rent HCV infection in the Polish urban working popula-
tion is likely to be lower than 1.5%. Further studies on 
positive anti-HCV test results and HCV RNA detection 
may reveal if HCV infection is resolved more frequently 
than has been presumed up to now (ca 30% of cases 
being resolved [49]).

Finally, although our study was conducted on a large 
number of patients, another important limitation was 
the inclusion of only people living in big cities and their 
suburbs. One risk factor for HCV infection is the use of 
medical care, which is less frequent in inhabitants of 
rural areas. Accordingly, anti-HCV prevalence in rural 
areas has been shown to be lower than in urban areas 
[27,50]. Therefore our results cannot be extrapolated to 
the whole population and it can be assumed that the 
prevalence of HCV infection among people of working 
age in the country may be lower than 1.5%.

Conclusions
There is evidence that an improvement of diagnostics 
and treatment effectiveness may significantly reduce 
the burden of HCV infections in Poland [5,51]. A study 
using a modelling approach estimated that, until 2030, 
the HCV prevalence is projected to decrease by 5%. In 
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contrast, an increase in the number of treated patients 
to 15,000 yearly would reduce the number of total infec-
tions by 90% until 2030, which would also contribute 
to a decrease of HCV-mortality by 80% [49]. The results 
obtained in this study suggest that the proportion of 
people infected with HCV in Poland in the working 
population is decreasing, which may be a consequence 
of increasing social awareness, including preventa-
tive activities after or before exposure to blood-borne 
infections. Moreover, a higher prevalence of anti-HCV 
was found in the population of post-reproductive age. 
We therefore recommend screening HCV tests mainly 
in individuals over 45 years-old. Examining healthy 
and young people should not be carried out as part of 
screening, however testing may be recommended to 
individuals who are subjected to risk factors. The con-
tinuous monitoring of HCV prevalence and incidence in 
Poland is important to estimate the resources needed 
for screening and treatment as well as their costs. 
Knowing the age groups at higher risk for infection will 
help to establish recommendations for more effective 
detection of cases of HCV infection, which in turn is 
also crucial to reduce further transmission.
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To the editor: In response to the rapid communication 
entitled ‘Outbreak of enterovirus D68 of the new B3 
lineage in Stockholm, Sweden, August to September 
2016’ by Dyrdak et al. [1] we would like to share our 
recent experience.

As the regional reference laboratory for acute flaccid 
paralysis (AFP) surveillance (Lombardy, northern Italy), 
a case of acute flaccid myelitis (AFM) came to our atten-
tion at the end of July 2016 when a previously healthy 
4-year-old child with febrile (body temperature > 38 °C) 
respiratory illness and headache was hospitalised at a 
hospital in our region. The child’s condition suddenly 
worsened with the occurrence of severe neurological 
manifestations such as stiff neck, flaccid limb weak-
ness associated with hyporeflexia, and bulbar muscle 
weakness, requiring intensive care unit care.

Clinical specimens (cerebral-spinal fluid, blood, nasal 
swab, nasopharyngeal aspirate, and stool) were col-
lected at the onset of symptoms and laboratory tests 
ruled out poliomyelitis as differential diagnosis. Nasal 
swab, nasopharyngeal aspirate and stool samples all 
tested positive for enterovirus (EV) by real-time reverse 
transcription-polymerase chain reaction (RT-PCR) 
[2], and were then assessed for EV-D68 by a specific 
assay [3]. EV-D68 RNA was detected in all clinical sam-
ples examined and this result was further confirmed 
by sequence analysis of viral protein (VP)3/VP1/2A 
gene [4]. The phylogenetic analysis of the obtained 
sequence revealed the presence of an EV-D68 belong-
ing to the recently described lineage B3 [5,6]. The nt 
sequence also shared high similarity (> 98.6% identity) 
with EV-D68 lineage B3 sequences.

This case evidences the occurrence of EV-D68 belong-
ing to the new B3 lineage in Italy in the same period 
than the Swedish outbreak, that is during 2016 summer, 

and with similar neurological outcome as some cases 
reported by Dyrdak et al. [1]. Two years after the unex-
pected spread of EV-D68 worldwide in 2014, a number 
of epidemics occurred throughout Europe (Sweden, 
the Netherlands, and the United Kingdom) [7]. Since 
these epidemics were only reported by countries with 
an active EV surveillance the impact of EV/EV-D68 in 
Europe is likely to be more important. For other coun-
tries, such as Italy, this information is missing. The 
extent of circulation of EV-D68 is of course underesti-
mated because of the scarcity of laboratories equipped 
to detect the virus and because of the poor awareness 
among healthcare workers of the problems the virus 
can cause.

It is now imperative to implement a surveillance sys-
tem to monitor the spread and circulation of EV-D68 
(in Italy and in Europe) due to its public health impact 
and consequences on childrens’ health. Such a sur-
veillance scheme could be included in the framework 
of the AFP surveillance system [8], thus taking advan-
tage of an existing and efficient network that includes 
skilled healthcare specialists, and that is endowed 
with equipped laboratories, with a wide expertise on 
EV detection and sequencing. It is becoming more and 
more essential to monitor not merely the virus circula-
tion but also its molecular characteristics in order to 
identify any association between a specific lineage 
and disease severity.

The implementation of EV-D68 surveillance in the 
framework of the existing AFP network will entail: (i) 
a reevaluation of the case definition [8] to comprise 
severe respiratory illness and neurological impair-
ment; (ii) a reappraisal of the panel of specimens to be 
collected (respiratory samples to be included always); 
(iii) the inclusion of EV-D68 identification assay(s) and 
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sequencing, which should be within the laboratory 
capacity.

The realisation of a European network for EV-D68 sur-
veillance will help to obtain the information needed to 
clarify viral epidemiology, to put in force proper control 
and preventive measures, so as to protect children and 
keep them safe and healthy.
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