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Salmonella enterica serovar (S.) Enteritidis is an impor-
tant cause of food-borne infection in Europe and the
United States. Further subtyping of isolates is neces-
sary to support epidemiological data for the detection of
outbreaks and identification of the vehicle of infection.
Multilocus variable-number tandem-repeat analysis
(MLVA) is reportedly more discriminatory and produces
data that are easier to share via databases than other
molecular subtyping methods. However, lack of stand-
ardisation of the methodology and interpretive criteria
for data analysis has meant that comparison of data
between laboratories can be problematic. On the basis
of MLVA profiles of 298 S. Enteritidis isolates received
at the Health Protection Agency’s Salmonella Reference
Unit and sequence analysis of selected isolates, we pro-
pose a MLVA scheme for S. Enteritidis based on five loci
(SENTR4, SENTR5, SENTR6, SENTR7 and SE-3) that have
been selected from previously published S. Enteritidis
MLVA schemes. A panel of reference strains has been
developed that can be used by laboratories to normal-
ise their raw fragment data to actual fragment sizes. We
also provide recommendations for analysing and inter-
preting MLVA data. We urge laboratories to consider
implementing these guidelines, thereby allowing direct
comparison of data between laboratories irrespective
of the platform used for fragment analysis, to facilitate
international surveillance and investigation of interna-
tional outbreaks.

Introduction

Non-typhoidal Salmonella enterica cause a consider-
able disease burden, with an estimated 93.8 million
cases of infection worldwide every year, resulting in
155,000 deaths [1]. In the European Union, this path-
ogen is ranked second among the causes of bacte-
rial gastrointestinal disease; S. enterica serovar (S.)
Enteritidis is responsible for approximately 60% of
salmonella infections in humans, making it the lead-
ing cause of salmonellosis [2]. Further subtyping of
isolates is needed to support classical epidemiological
data for the detection of outbreaks and identification
of the vehicle of infection.

Article published on 11 August 2011

Phage typing is a phenotypic method traditionally used
for surveillance and subtyping of salmonellae but is
performed in only a few laboratories due to the require-
ment for standardised phage panels [3]. Although use-
fuliin detecting outbreaks caused by isolates exhibiting
less common phage reaction patterns, the technique
may otherwise lack discriminatory capacity — 20% of
salmonellosis cases reported in Europe in humans in
2006 were caused by S. Enteritidis phage type (PT) 4
[2]. Subsequently, DNA fingerprinting techniques such
as pulsed-field gel electrophoresis (PFGE), which is
currently the gold standard for subtyping of salmonel-
lae, are used in outbreak investigations to supplement
phage typing data where further strain discrimina-
tion is required. However, the lack of genetic variation
within the serovar Enteritidis population can make
discrimination beyond phage type difficult. In a mul-
ticentre European study conducted between 2001 and
2004, over half of the serovar Enteritidis strains pro-
duced PFGE profile SENTXB.ooo1 regardless of phage
type [4]. Strong associations between phage type and
a particular PFGE pattern also make strain differentia-
tion within certain phage types challenging [4].

Multilocus variable-number tandem-repeat analysis
(MLVA) targets rapidly evolving genomic elements known
as tandem repeats (TRs). The application of MLVA to a
variety of bacterial species including several salmonel-
lae serovars has led to the conclusion that the technique
is more discriminatory than other molecular methods,
and is reproducible, quicker, easier to perform and pro-
duces data that are easier to analyse and share via data-
bases. To date, several schemes for MLVA subtyping of
S. Enteritidis have been published [5-10]. However, the
use of different loci in each protocol (or different primers
for the same loci), different sequencer platforms, dye
chemistries and size standards used for fragment anal-
ysis, differences in interpretation of loci where incom-
plete TRs or TRs of heterogeneous sequence occur, and
different ways of assigning allele numbers means com-
parison of data between laboratories can be problem-
atic. In addition, with few data available on the stability
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of the loci, it is uncertain whether TRs may evolve so
rapidly that variation leading to multiple types could
emerge during an outbreak caused by a single ancestral
isolate. Such concerns threaten to diminish the utility of
MLVA for S. Enteritidis outbreak detection unless spe-
cific guidance is developed for performing MLVA and a
consensus reached for the interpretation of MLVA data,
as has been proposed for S. Typhimurium [11].

In this study we analysed the DNA sequence of the
TR regions at the nine loci used in the MLVA method
proposed by Malorny et al. to determine the actual
number, stability and heterogeneity of the TRs [8]. This
scheme was chosen due to its emphasis on discrimi-
nation within PTs 4 and 8, which rank in the top three
most prevalent PTs in several European countries [2].
We also examined other published MLVA schemes for
S. Enteritidis to determine whether other loci could be
used to supplement the scheme.

Here we propose a standardised MLVA typing scheme
for S. Enteritidis targeting five loci, where profiles are
assigned based on the number of TRs at each locus. In
addition, we developed a panel of reference strains that
can be used by laboratories to normalise their raw frag-
ment data to actual fragment sizes, thereby allowing

TABLE 1

direct comparison of data between laboratories irre-
spective of the platform used for fragment analysis.

Methods

S. Enteritidis strains

To evaluate the MLVA method, 298 S. Enteritidis strains
were selected from the Health Protection Agency (HPA)
Salmonella Reference Unit culture collection, which con-
sists of strains originating from human clinical speci-
mens, animals, food and the environment. The strain
panel comprised 91 strains from the phage typing
‘type strain’ panel (the first recorded isolations of each
phage type), 88 strains isolated in England and Wales
(30 strains of PT14b, 21 strains of PTg, 15 strains of PTS,
nine strains of PT42 and one to three strains of PTs 1, 1b,
2,3, 5¢, 6, 21, 22, 59 and 14c) and 15 PT14b strains from
University Hospital Galway, Ireland. In addition, strains
isolated during well-characterised outbreaks in 2009
and 2010 associated with S. Enteritidis PTs 4 (n=23), 8
(n=26), 14 (n=11) and 14b (h=40, representing 12 geo-
graphically distinct outbreaks, A-L), were analysed to
determine TR stability during an outbreak and therefore
the utility of MLVA for outbreak detection (Table 1). A
total of 16 strains that cover the range of alleles seen at
each locus were selected as the reference strain panel.

Outbreaks due to infection with Salmonella enterica serovar Enteritidis characterised in this study

Phage T 6ff fealEra feee: Number of isolates Source MLVA profile?
Outbreak § . P tested (total number (number of isolates, when (number of isolates, when more
type in the laboratory : .
of isolates) more than one source) than one profile)
A 14b 7-20 Oct 2009 2(9) Faeces 3-10-9-5-4-4-1-8-8
_ Faeces (2), e o
B 14b 29 Sep—9 Oct 2009 3(3) unknown (1) 3-10-9-5-4-4-1-8-8
C 14b 22-28 Sep 2009 1(2) Faeces 3-10-9-5-4-4-1-8-8
D 14b 20 Aug 2009 1(6) Faeces 3-10-9-5-4-4-1-8-8
E 14b 11-24 Aug 2009 3 (4) Faeces 3-10-9-5-4-4-1-8-8
F 14b 9-30 Sep 2009 1(8) Faeces 3-10-9-5-4-4-1-8-8
G 14b 23-24 Sep 2009 2(3) Faeces 3-10-9-5-4-4-1-8-8
Faeces (1), o
H 14b 9 Sep 2009 2(2) egg mayonnaise (1) 3-10-9-5-4-4-1-8-8
| 14b 15—22 Sep 2009 1(9) Faeces 3-10-9-5-4-4-1-8-8
Faeces (8),
J 14b 18-30 Sep 2009 10 (34) refrigerator door (1), 311295441122 ((?))
poultry meat (1) 371079545
K 14b 24-28 Sep 2009 2(2) Faeces 3-11-9-5-4-4-1-8-8
2-12-9-12-4-3-2-8-9 (9)
L 14b 7 Aug-29 Sep 2009 12 (20) F?ﬁgiz ((1;;)’ 3-11-9-5-4-4-1-8-8 (2)
3-10-9-5-4-4-1-8-8 (1)
_ _ Faeces (13), o
4 15-25 Sep 2009 23 (34) unknown (10) 3-10-9-5-4-4-1-8-8
- 8 20 Aug-30 Sep 2009 26 (67) Faeces 1-9-9-7-4-3-2-8-9
_ _ 2-8-7*%-4-5-5-NA-8-6 (10)
14 29 Mar-15 Apr 2010 11 (11) Faeces 2-7-7%-5.5-5-NA-8-6 (1)

MLVA: multilocus variable-number tandem-repeat analysis; NA: no amplification at this locus.

2 Numbers in bold indicate locus variants. 7* refers to an allele with seven tandem repeats (TRs), but TR2 lacks a 6 base pair (bp) insert and

TR6 is missing 21 bp.
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Strain NCTC 13349 from the National Collection of Type
Cultures was included in our fragment analysis protocol
as a positive control.

Comparison of published MLVA

schemes for S. Enteritidis strains

Published MLVA schemes for S. Enteritidis other than
that of Malorny et al. [8] were examined to determine
whether other loci [5-7,9,10] could be used to supple-
ment the scheme using the Tandem Repeats Database
[12]. We used the TR region targeted and length and
sequence similarity of the TR units to compare the
loci.

MLVA typing

MLVA was performed using previously described prim-
ers [8]. Forward primers for loci SENTR1, SENTR4, SE-3
and SE-7 were labelled with the fluorescent dye VIC,
SENTR2, SENTR5 and SENTR7 with 6-FAM, and SENTR3
and SENTR6 with NED. The nine loci were amplified in
one multiplex PCR (12.5 pl volume) using a Multiplex PCR
Kit (Qiagen, United Kingdom), 0.5 pmol of the primers
amplifying loci SENTR4 and SENTR7, 1 pmol of primers
targeting SENTRs5, SENTR6 and SE-3, 5 pmol of primers
targeting SENTR1, 7.5 pmol of primers targeting SENTR3
and SE-7, 10 pmol primers targeting SENTR2 and 1 pl
cell lysate prepared by emulsifying one colony in 100

TABLE 2

pl of sterile distilled water and boiling for 10 minutes.
PCR cycling conditions were as previously described
[8]. Amplification products were diluted 1:40 in sterile
distilled water and 1 pl aliquots of this dilution were
mixed with 10 pl Hi-Di formamide (Applied Biosystems,
United Kingdom) and o.5 pl GeneScani200 LIZ Size
Standard (Applied Biosystems) before being subjected
to capillary electrophoresis using POP7 polymer on an
ABI 3730 DNA Analyzer (Applied Biosystems) spectrally
calibrated to run filter set Gs.

Data were imported into Peak Scanner software
(Applied Biosystems) where each fragment was iden-
tified according to colour and size. Naming of profiles
was based on a string of allele numbers (in order of
SENTR7-SENTR5-SENTR2-SENTR6-SENTR3-SENTR4-SE3-
SENTR1-SE7) showing the actual number of repeats
at each locus. We assigned ‘NA’ (no amplification) to
loci that failed to amplify, in accordance with guidance
issued by Larsson et al., to distinguish between strains
where the locus is absent and those where there are no
TRs but the flanking regions are present [11].

Validation of MLVA results

A combination of agarose gel electrophoresis (for loci
SENTR1-3 and SE-7) and DNA sequencing (for loci
SENTR4 to SENTR7 and SE-3) was used to determine

Characteristics of tandem-repeat loci in published Salmonella enterica serovar Enteritidis MLVA schemes

Alternative name(s)
IEEEE

Repeat size in
base pairs

Genome position,
in nucleotides®

Percentage conservation of
tandem repeats®

Number of repeats®

SENTR1 SE-10 [5], STTR1 [14] 45 774,282 - 774,633 8 92
SENTR2 STTR7 [14] 39¢ 954,671-955,038 9 92
SENTR3 - 93 1,697,207-1,697,618 4 93
SENTR4 SE-1 [5-7,10], ENTR13 [9] 2,504,795-2,504,828 4 100
SENTRs SE-5 [5—7], STTR5 [9,10,14] 3,073,233-3,073,292 10 100
SENTR6 SE-2 [5-7,10], ENTR20 [9] 4,617,691-4,617,726 5 100
SENTR7 SE-9 [5-7] 9 533,269-533,296 3 100
SE-3 SE-3 [5-71 12° 2,073,359-2,073,396 3 68
SE-7 SE-7 [5-7] 61°¢ 2,961,431-2,961,886 8 12040::3229bbpp35’,--55:¢$]eer?cceie
- SE-4 [5-7] 117 2,530,891-2,531,224 2 75

- SE-6 [5-7], STTR3 [10,14] 33 3,511,025-3,511,367 10 90

- SE-8 [5—7] 87 2,812,925-2,813,011 1 -

- ENTR6 [9] 175' 1,363,028-1,363,570 3 97

- STTR9 [10,14] Unknowng 3,134,588-3,134,731 Unknownsg Unknowng

bp: base pair; MLVA: multilocus variable-number tandem-repeat analysis; NCTC: National Collection of Type Cultures; TR: tandem repeat.

2 Nomenclature according to Malorny et al. [8].

® In NCTC 13349 (GenBank accession number AM933172); only complete repeats are included.

¢Second TR is 45 bp.
4 Third TR is 14 bp.

¢ 29 bp conserved 5’-sequence, together with a 32 bp variable 3’-sequence.

fSecond TR is 174 bp.

¢ The Tandem Repeats Database was unable to identify a TR at this locus, presumably as there is only one copy in NCTC 13349. The TR
sequence reportedly located at this locus in serovar Typhimurium [11] is not found in serovar Enteritidis.
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the number of TRs in the first 100 strains tested.
Thereafter DNA sequencing was used only to confirm
the number of TRs in novel amplified fragments iden-
tified by capillary electrophoresis. Amplification was
performed on cell lysates in a monoplex PCR with the
same primer sequences used for MLVA but with unla-
belled forward primers. Sequencing was performed
in one direction only using the forward primer for all
loci except SENTR7, which was sequenced with the
reverse primer. Loci of the 16 strains chosen as the
reference strain panel were sequenced in both direc-
tions to determine the sequence of the TRs and flank-
ing regions.

Sequencing data were imported into Bionumerics
version 6.1 (Applied Maths, Belgium) as categori-
cal data and the numbers of TRs at each locus cal-
culated; only complete TRs were included in the
analysis. Standard minimum spanning trees gen-
erated in Bionumerics using the single and double
locus variance priority rules were used to visualise
the relationships between strains. Alignments of TR
sequences were performed and degree of sequence
identity between copies of each TR calculated using
BioEdit version 7.0.9.0 [13].

TABLE 3

Results

Comparison of published MLVA

schemes for S. Enteritidis

The majority of loci targeted in published MLVA
schemes for S. Enteritidis do not contain true TRs, as
the repeat sequence varied in length and sequence
within NCTC 13349; only loci SENTR4 to SENTR7 con-
tained TRs that were 100% conserved (Tables 2 and
3). There was considerable overlap in the loci targeted
between the scheme of Malorny et al. [8] and other pub-
lished schemes, though with the exception of loci SE-3
and SE-7, different primers were used. No additional
loci were therefore identified that could enhance the
discriminatory capacity of the Malorny et al. scheme.

MLVA validation using DNA sequencing

Agarose gel electrophoresis and DNA sequencing were
used to determine the number of TRs at each locus in
the first 100 isolates analysed. This confirmed that
fragment size always correlated with multiples of TRs.
Subsequent strains were analysed by fragment analy-
sis and sequencing was used to determine the number
of TRs in any novel-sized fragments. The 16 reference
strains were selected from the 298 strains examined to

Characteristics of Salmonella enterica serovar Enteritidis loci targeted by the MLVA scheme described by Malorny et al.?

Length of Sequence of Sequence of Length of Allele Number of
5’ flanking 5’ flanking Tandem repeat sequence¢ 3’ flanking 3’ flanking q alleles identified
. Ao Ay : number N
region region region region in this study
GCGGYRAAAGCRGCRGC
SENTR1 28 GGCCGAAAGAA | GGASGCKAAGAARAAAG AAAGCGGCCG 52 (X-80)/45 2
CGGMDGCCGMR
GTAGCRCCKCARCKTCAGC
SENTR2 110 TCAGCAACCT CO>RCAGTAYCAGCAGCCGC ACAGCGCCGC 51 (X-167)/39¢ 4
ARCARCCG
CGAYCCGCGYAAAGCCGC
RGTGGARGCGGCYATCGC
YCGCGCCAAAGCCCGYAA
SENTR3 46 TATCCGGCGG RCAGGAGCAGCAGGCCGG CGACCCGCGTA 75 (X-121)/93 2
ARGCGAACCTGCCGAACC
GGY
SENTR4 50 TAAATGATTT GTTGGTA GTTGGTGTAC 41 (X-91)/7 7f
SENTRs 127 CCACCATCAC | GACCAT CATGGTCACA 84 (X-211)/6 11
SENTR6 77 ATAGCCAGAA GATCCG GCTGCGCCTT 68 (X-145)/6 9
SENTR7 27 TTCTGGCGCA GCGAATATG GTCTGGCAGC 81 (X-108)/9 3
SE-3 124 GATGGTATTG TTTTCCATATTGS GTTTCCTTAA 172 (X-296)/12 3¢
CGGTTTATCCCCGCTGGCG
CGGGGAACACRNNNVNN
SE-7 127 GCAACCCAAC VNNHNNNNNNNNNNNN TTTTACTACA 102 (X-229)/61 8
NNHNVNNBN

MLVA: multilocus variable-number tandem-repeat analysis; NCTC: National Collection of Type Cultures; TR: tandem repeat.

aSource: [8].

® Only the 10 bases adjacent to the start and finish of the TR region in NCTC 13349; incomplete TRs are excluded from the TR region.

¢ As determined in NCTC 13349 where M=A or C; R=A or G; S=C or G; Y=C or T; K=G or T; B=C, G or T; D=A, G or T; H=A, C or T; V=A, Cor G and
N=A, C, G or T. “¢ ¥ indicates nucleotides inserted into the TR.

4 X is the amplicon length as determined by sequencing, which may differ from the size determined by capillary electrophoresis.
¢ The number of TRs may need to be rounded up if TR2 is lacking the 6 bp insert.

fIncludes a null variant where no fragment is amplified by PCR.
¢ Differs from the TR sequence in the published scheme based on observations made during this study.
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FIGURE 1

Sequence alignments showing variation in sequence and order of tandem repeat (TR) sequences at Salmonella enterica
serovar Enteritidis loci (A) SENTRI, (B) SENTR2, (C) SENTR3 and (D) SE-7 in NCTC 13349 and the 16 reference strains

A SENTRI1

TR1 —NCTC 13349
TR2 = NCTC 13349
TR2 — HPA016

TR3 —NCTC 13349
TR4 —NCTC 13349
TR5 — NCTC 13349
TR6 —NCTC 13349
TR6 — HPAO15

TR7 —NCTC 13349
TR7 — HPAoos5

TR8 = NCTC 13349

B SENTR2

TR1 = NCTC 13349
TR1 —HPA016
TR2 = NCTC 13349
TR2 — HPA016
TR3 = NCTC 13349
TR3 — HPA016
TR4 — NCTC 13349
TR4 — HPA016
TR5 —NCTC 13349
TR5 — HPA016
TR6 —NCTC 13349
TR7 —NCTC 13349
TR8 — NCTC 13349
TR8 — HPAo0o02
TR9 — NCTC 13349

C SENTR3

TR1 —NCTC 13349
TR2 — NCTC 13349
TR2 — HPA016
TR3 = NCTC 13349
TR3 —HPA016
TR4 —NCTC 13349
TR4 — HPA016

TR1 = NCTC 13349
TR2 — NCTC 13349
TR2 — HPA016
TR3 — NCTC 13349
TR3 —HPA016
TR4 = NCTC 13349
TR4 — HPA016

10 20 30 40

B T e T T P
gcggcgaaagcggcggcggacgcgaagaaaaaagcggaggccgaa
gcggcgaaagcggcggcggacgcgaagaagaaagcggaggccgag
GCGGCGAAAGCGGCGGCGGAGGCGAAGAAGAAAGCGGAGGCCGAG
gcggcgaaagcggcggcggacgcgaagaagaaagcggaagccgag
gcggtaaaagcggcagcggacgcgaagaagaaagcggaagccgaa
gcggcgaaagcggcggcggaggcgaagaagaaagcggaagccgaa
gcggcgaaagcggcggcggaggcgaagaagaaagcggatgecgag
GCGGCGAAAGCGGCGGCGGAGGCGAAGATGAAAGCGGATGCCGAG
gcggcgaaagcggcggcggaggcgaagaagaaagcggatgeccgeg
GCGGCGAAAGCGGCGGCGGAGGCGAAGAAGAAAGCGGATGCCGCA
gcggcgaaagcagcggcggacgctaagaagaaagcggctgecgaa

10 20 30 40
e e T e e e e
gtagcgccgcagcc———-—-—-- gcagtatcagcagccgcagcaaccyg
GTAGCGCCGCAGCC——=-—-- GCAGTATCAGCAGCCGCAGCAGCCG
gtagcgccgcagcctcagccacagtaccagcagccgcaacagccg
GTAGCGCCGCAGCC——=—-- ACAGTATCAGCAGCCGCAGCAGCCG
gtagcgccgcaacc————-—-— gcagtatcagcagccgcagcagccg
GTAGCGTCGCAGCC—-===--- ACAGTATCAGCAGCCGCAACAGCCG
gtagcgcctcagcec—————-— gcagtatcagcagccgcaacagccg
GTAGCGCCTCAGCC—-===--- ACAGTACCAGCAGCCGCAACAGCCG
gtagcgccgcagcc—————-— gcagtatcagcagccgcagcagccg
GTAGCGCCGCAACC—-———-~— GCAGTATCAGCAGCCGCAGCAGCCG
gtagcgccgcagcc—————--— gcagtatcagcagccgcaacagccg
gtagcaccgcagcc——-—-—---— gcagtatcagcagccgcagcagccg
gtagcgccgcagcc—————-— acagtatcagcagccgcagcagccg
GTAGCGCCGCAGCC—===-- ACAGTATCAGCAGCCGCAACAGCCG
gtagcgccgcagcc—————-— acagtatcagcagccgcaacagccg
10 20 30 40 50 60 70

T T T e T T T e e e
cgacccgcgtaaagceccgcagtggaggcggctatecgectecgecgeccaaageccgcaaacaggagcagcaggcece
cgatccgcgcaaagccgcggtggaggcecggccatcgecccgecgecaaagcecccgcaaacaggagcagcaggec
CGATCCGCGCAAAGCCGCGGTGGAGGCGGCCATCGCCCGCGCCAAAGCCCGCAAACAGGAGCAGCAGGLC
cgacccgcgcaaagccgcggtggaagecggctatcecgececgegeccaaageccgcaagcaggagcagcaggece
CGACCCGCGCAAAGCCGCGGTGGAAGCGGCTATCGCCCGCGCCAAAGCCCGCAAGCAGGAGCAGCAGALCC
cgatccgcgtaaagccgcggtggaagecggccatcecgeccecgcgeccaaageccgtaagcaggagcagcaggec
CGATCCGCGTAAAGCCGCGGTGGAAGCGGCTATCGCCCGCGCCAAAGCCCGCAAGCAGGAGCAGCAGGLC

80 90
. B e T
ggaagcgaacctgccgaaccggt
ggaagcgaacctgccgaaccggt
GGAAGCGAACCTGCCGAAGCGGT
ggaggcgaacctgccgaaccggt
GGAAGCGAACCTGCCGAACCGAT
ggaagcgaacctgccgaaccggce
GGAAGCGAACCTGTCGAACCGGC
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bp: base pair; NCTC: National Collection of Type Cultures; TR: tandem repeat.

TR sequences of the 16 reference strains are shown only where they differed by one or more bases from the NCTC 13349 sequence. Locus
SE-7 consists of a 29 bp 100% conserved 5’-sequence, together with a 32 bp variable 3’-sequence that shares only 24% similarity between the
TRs in NCTC 13349. Letters A—N in panel D correspond to TRs with different sequences. TRs A and A’, and D and D’ differ by only one single
nucleotide polymorphism. These are not true TRs and therefore we propose that loci SENTR1, SENTR2, SENTR3 and SE-7 are omitted from the
multilocus variable-number tandem-repeat analysis (MLVA) scheme, as such variation could not be detected using fragment analysis.

represent most of the alleles observed for each locus
and the amplicons from each locus were sequenced
(Table 4). Sequencing confirmed the number of TRs and
alignments revealed that loci SENTR1, SENTR2, SENTR3
and SE-7 exhibit variation in the sequence of the TR unit
within a strain and between strains (Table 3, Figure 1).
Single nucleotide polymorphisms (SNPs) were identi-
fied in the TRs of reference strains HPAoo2, HPAoo5,
HPAo15 and HPA0o16 compared with NCTC 13349 (Figure
1, panels A-C), while reference strains HPAoo4 and
HPAo15, and HPAoo3, HPAo14 and HPAo16 shared the
same number of TRs at locus SE-7 (seven and nine TRs,
respectively) but the order of the TRs was different in
each strain (Figure 1, panel D). The TR units at locus
SENTR5 were identical in all strains examined except
for reference strain HPAo16 and strain H101440321; in
these two strains the first three repeats were GACCAC-
GACCAC-GGCCAT instead of the expected GACCAT. On
the basis of sequencing data for locus SE-3, we pro-
pose that the TR unit sequence at locus SE-3 should
be changed from <HWATTG<G>BTTTCCW (where W=A or
T, B=C, G or T and “ ¥ indicates nucleotides inserted
into the TR) to TTTTCCATATTG. This TR unit is consist-
ently 12 bp long and 100% conserved in strains car-
rying multiple copies, unlike the TR unit previously
proposed (Table 2). The TRs at loci SENTR4, SENTRs5,
SENTR6, SENTR7 and SE-3 were identical in all strains
and all copies were the same within a strain. The
flanking regions were generally conserved, with SNPs
being identified only in the 5’ flanking region at locus
SENTR3 in HPAo16 and the 5’ and 3’ flanking regions
of locus SENTR5 in HPAo16. Fragment sizes obtained

by capillary electrophoresis were consistently smaller
than actual fragment sizes as determined by sequenc-
ing, ranging from a one base pair (bp) to a 19 bp dif-
ference. This difference was most pronounced in
fragments amplified from loci harbouring the longer TR
units (SENTR1, SENTR2, SENTR3 and SE-7).

Diversity of MLVA patterns

among S. Enteritidis strains

MLVA typing targeting the nine loci described by
Malorny et al. [8] identified 71 profiles consisting of
different allele number combinations among the panel
of 298 S. Enteritidis strains consisting of 93 different
phage types (Figure 2, panel A). The most common
profile (3-10-9-5-4-4-1-8-8) was observed in 121 iso-
lates belonging to PT14b (n=52, including 26 of the 40
outbreak isolates), PT4 (n=31, including 23 belonging
to the outbreak) and a further 38 sporadic isolates
belonging to 37 different phage types. This profile was
also shared by control strain NCTC 13349. We noted
some associations between PT and MLVA profile among
sporadic isolates. Sporadic PT4 isolates with similar
MLVA profiles (3-[9/10/11/12/13]-9-[4/5]-4-4-1-8-[7/8])
clustered together except the ’type strain’, which pro-
duced profile 2-13-9-4-4-4-1-8-8. The most common
profile among sporadic PT4 isolates was 3-10-9-5-4-
4-1-8-8 (n=8). Sporadic PT8 isolates also had similar
profiles ([1/2]-[9/10/11]-9-[7/8/10]-4-[3/5]-2-8-9), with
the exception of one isolate that produced profile
3-15-8-5-4-4-2-8-10. The most common profile among
sporadic PT8 isolates was 1-9-9-7-4-3-2-8-9 (n=5).
PT14b isolates were broadly divided into two profiles
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depending on whether they were sensitive to all anti-
microbials tested (2-[12/13/14]-9-[9/12]-4-3-2-8-[8/9])
or resistant to quinolones (3-[10/11]-9-[5/6]-[4/5]-4-1-8-
8); the most common profiles among sporadic isolates
were 2-13-9-9-4-4-3-2-8-9 (n=5) and 3-10-9-5-4-4-1-8-8
(n=24), respectively. Null variants (where no ampli-
con is produced from a locus) were produced for locus
SENTR4 in PT26 and locus SE-3 in PTs gb, 9c, 14, 14b,
14C, 40, 42 and 52.

Outbreak investigations to determine

the stability of tandem repeats

All isolates from the outbreaks caused by PT4 and
PT8 were indistinguishable by MLVA typing; the MLVA
profile assigned to the PT4 outbreak was 3-10-9-5-4-
4-1-8-8 and to the PT8 outbreak was 1-9-9-7-4-3-2-8-9
(Table 1). Of the 11 PT14 outbreak isolates, 10 had pro-
file 2-8-7*-4-5-5-NA-8-6 and one isolate was a double
locus variant (DLV) assigned profile 2-7-7*-5-5-5-NA-
8-6 (where 7* refers to an allele with seven TRs, but
TR2 lacks a 6 bp insert and TR6 is missing 21 bp and
numbers in bold indicate locus variants). Of the 4o
PT14b isolates that were representative of nine of 12
outbreaks (outbreaks A to I) occurring across England
and Wales in 2009 associated with a common food
source, 16 shared the MLVA profile 3-10-9-5-4-4-1-8-8
[15]. In addition to this profile, a single locus variant
(SLV) was seen in one of 10 isolates from outbreak J and
was assigned profile 3-10-9-5-4-5-1-8-8. Both isolates
selected to represent outbreak K were SLVs assigned
profile 3-11-9-5-4-4-1-8-8. Nine of 12 isolates from out-
break L were assigned profile 2-12-9-12-4-3-2-8-9, with
the remainder assigned profiles 3-11-9-5-4-4-1-8-8 (two
isolates) and 3-10-9-5-4-4-1-8-8 (one isolate).

Discussion

The ability to identify isolates belonging to an outbreak
and differentiate them from concurrent sporadic iso-
lates is essential for the investigation of communica-
ble diseases. Without a discriminatory typing method
coupled with good classical epidemiological data, it
would be extremely difficult to identify the source and
route of transmission of infection, thereby making it
almost impossible to implement appropriate inter-
vention strategies. This is particularly important for
highly clonal bacterial groupings such as S. Enteritidis,
where the heterogeneity between isolates is limited.
However, lack of standardisation of the methodology
and interpretive criteria for data analysis has meant
that comparison of MLVA data between laboratories
can be problematic, thereby hindering attempts at
international surveillance and investigation of out-
breaks involving more than one country. Given the
multinational distribution of some food products, col-
laboration between countries can be crucial in identify-
ing cases and in tracing the source of infection.

Previously published S. Enteritidis MLVA schemes have

named profiles based on allele numbers that may or
may not reflect the number of TRs at each locus; in
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addition, the schemes vary in their treatment of par-
tial TRs. This lack of congruence means not only that
data cannot be easily compared between laboratories
using different naming schemes, but also that it is dif-
ficult to assess the true relationship between isolates
exhibiting variation in their MLVA profiles where allele
numbers do not accurately reflect the number of TRs.
We chose to follow the same principle adopted by
MLVA schemes for S. Typhimurium and other bacterial
pathogens by naming alleles based on the number of
TRs at each locus [11,16,17]. We also recommend that
only whole TRs are included and that partial TRs are
rounded down to the nearest integer to simplify report-
ing of MLVA data. The length of partial TRs as deter-
mined by sequencing was constant; therefore including
them in data analysis did not improve the discrimina-
tory capacity of the technique.

Comparison of the published MLVA schemes for S.
Enteritidis did not identify any further loci that could
be added to the scheme of Malorny et al. [8] to increase
the discriminatory capacity. In addition, we recom-
mend that loci SENTR1, SENTR2, SENTR3 and SE-7,
which harbour the longest TR units in the scheme,
are excluded due to the observed variation within TR
unit sequence, which could not be detected reliably
by capillary electrophoresis. Unless TR regions are
sequenced, this variation would be overlooked and
strains would be clustered incorrectly. Removal of
primers targeting SENTR1 and SENTR2 would also pre-
vent amplification of a 346 bp VIC-labelled fragment,
which results from amplification with primers SENTR1-F
and SENTR2-R, in a small number of strains (Table ).
Loci SENTR1, SENTR2 and SENTR3 previously showed
low Nei’s diversity indices (0.07), while SE-7 exhibited
a higher diversity index of 0.63 [8]. Removing these
four loci before cluster analysis revealed that this had
little effect on the number of profiles detected (65
profiles compared with 71 with nine loci) and had no
major effect on clustering in the minimal spanning tree
(Figure 2). Boxrud et al. also observed that removing
low-diversity loci from their analyses had little effect
on the discriminatory capacity of MLVA [5]. Longer TR
units have been suggested to serve as a molecular
clock, leading to the possibility that sequencing of
these loci could be used to determine phylogenetic
relationships within S. Enteritidis, as has been pro-
posed for Mycobacterium tuberculosis [5,18]. We also
propose that the TR unit sequence at locus SE-3 should
be changed to TTTTCCATATTG; this TR unit is consist-
ently 12 bp long and 100% conserved in strains car-
rying multiple copies, unlike the TR unit previously
proposed (Table 2) [5,7,8]. The MLVA scheme would
therefore consist of five loci (allele string reported as
SENTR7-SENTR5-SENTR6-SENTR4-SE3), which are of
consistent length and 100% conserved.

MLVA fragment sizes obtained by capillary electro-
phoresis frequently differ from the sequenced length
due to variations in the sequencer model, size marker
and primer fluorophores used. DNA composition of



FIGURE 2

Minimum spanning trees of MLVA of 298 Salmonella enterica serovar Enteritidis isolates based on data from (A) nine loci
and (B) five loci

A

I PT14 outbreak B PT14b outbreaks A—J and L (MLVA profile 3-10-9-5-4-4-1-8-8)
I PT8 outbreak = PT14b outbreaks K and L (MLVA profile 3-11-9-5-4-4-1-8-8)
B PTy4 outbreak = PT14b outbreak L (MLVA profile 2-12-9-12-4-3-2-8-9)

MLVA: MLVA: multilocus variable-number tandem-repeat analysis; PT: phage type.

Each circle represents a different MLVA type, with its size proportional to the number of strains with that MLVA profile. Wedges in circles
represent the proportion of isolates with a particular MLVA profile that belong to a specific outbreak. Numbers on branches indicate the
number of loci that vary between each MLVA profile. Grey shading indicates clonal complexes created based on maximum neighbour distance
of changes at one locus and a minimum of two MLVA profiles per complex.
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the fragment also plays a part, as demonstrated in
this study by locus SE-7 of reference strains HPAo3,
HPAo14 and HPAo016, which differed in size by up to 3
bp despite each having nine TRs (data not shown). A
panel of 31 S. Typhimurium strains with fragment sizes
verified by sequencing was compiled by the Statens
Serum Institut, Denmark, and made available to allow
laboratories with different set-ups to normalise their S.
Typhimurium MLVA data to the actual fragment sizes
[11]. We therefore recommend that laboratories use
the set of 16 reference strains described herein (Table
4) to ensure compatibility of S. Enteritidis MLVA data
between laboratories.

In this study, 71 different MLVA profiles were identified
among the 298 strains, indicating that MLVA shows
promise as a subtyping method for S. Enteritidis. MLVA
was capable of subdividing isolates within a phage type,
and in most instances multiple isolations of a phage
type tended to cluster together by MLVA, as has previ-
ously been shown [8,19]. However, isolates of different
phage types may also share the same MLVA profile, as
was shown here by 41% of isolates sharing profile 3-10-
9-5-4-4-1-8-8 despite belonging to 39 different phage
types. This is perhaps not surprising considering the
two subtyping methods are determining strain diversity
using two very different approaches, but highlights the
importance of not relying on a single subtyping method
and of combining laboratory data with accurate and
meaningful epidemiological data when defining rela-
tionships between strains. We suggest that a combina-
tion of phage typing (where available) and MLVA may be
useful for characterisation of S. Enteritidis isolates, as
has previously been suggested [19].

We were concerned that TRs may evolve so rapidly that
multiple types could emerge during the course of an
outbreak. Isolates from 15 different outbreaks belong-
ing to four different phage types were subtyped by
MLVA to determine stability of the TRs. Previous stud-
ies have found that MLVA profiles remain stable during
the course of an S. Enteritidis outbreak [5,8]. The data
presented here suggests that, as with S. Typhimurium
[20], SLVs may occur sporadically during an outbreak
(Figure 2). A DLV was identified among isolates from an
outbreak caused by an unusual phage type, PT14, with
strong epidemiological evidence to link this isolate to
the outbreak. Only 16 isolates of PT14 have been iden-
tified since 1981, with the last report of two cases in
1997 (HPA Salmonella dataset). This indicated that DLVs
may also be detected during an outbreak. Outbreak L
was unusual in that two distinct MLVA profiles differ-
ing at six of the nine loci were identified, suggesting
involvement of two different PT14b strains. This obser-
vation was confirmed by the two MLVA profiles belong-
ing to strains with distinct PFGE profiles and exhibiting
different antimicrobial resistance phenotypes (data
not shown). On the basis of these data, the cut-off to
allow classification of S. Enteritidis isolates as part of
an outbreak could be defined as a difference of one TR
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at no more than two loci, with the analysis of more out-
breaks needed to confirm this.

In conclusion, we propose an MLVA scheme for S.
Enteritidis based on five loci (SENTR7z, SENTRs,
SENTR6, SENTR4 and SE-3) that show little or no vari-
ation in sequence length and diversity. A panel of ref-
erence strains has been developed that can be used
by laboratories to normalise their raw fragment data
to actual fragment sizes. Since this study was com-
pleted, two novel alleles have been identified at loci
SENTR4 and SENTR6. These loci will be sequenced, the
strains added to the reference panel and made avail-
able to laboratories on request. In addition, we encour-
age laboratories that have identified novel alleles to
send us the strains, to add to the reference panel. We
also provide here recommendations for analysing and
interpreting data. We urge laboratories to consider
implementing these guidelines, thereby allowing direct
comparison of data between laboratories irrespec-
tive of the platform used for fragment analysis. MLVA
profiles identified during outbreaks of S. Enteritidis
may then be reported via the Epidemic Intelligence
Information System (EPIS) of the European Centre for
Disease Prevention and Control (ECDC) to public health
laboratories.
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The threat of avian influenza (Al) viruses to humans
in Europe in 2005 prompted the Robert Koch Institute
to establish a routine monitoring instrument con-
densing information on all human Al cases worldwide
reported from the World Health Organization (WHO)
and other sources into a line list for further analysis.
The 235 confirmed Al cases captured from September
2006 to August 2010 had a case fatality rate of 56%
(132/235), ranging from 28% (27/98) in Egypt to 87%
(71/82) in Indonesia. In a multivariable analysis, odds
of dying increased by 33% with each day that passed
from symptom onset until hospitalisation (OR: 1.33,
p=0.002). In relation to children of 0—9 years, odds
of fatal outcome were more than six times higher in
10-19 year-olds and 20-29 year-olds (OR: 6.06, 95%
Cl: 1.89-19.48, p=0.002 and OR: 6.16, 95% Cl: 2.05-
18.53, p=o0.001, respectively), and nearly five times
higher in patients of 30 years and older (OR: 4.71, 95%
Cl: 1.56-14.27, p=0.006) irrespective of the country,
which had notified WHO of the cases. The situation in
Egypt was special in that case number and incidence in
children were more than twice as high as in any other
age group or country. With this study, we show that
data from the public domain yield important epide-
miological information on the global Al situation. This
approach to establish a line list is time-consuming
but a line list is a prerequisite to such evaluations. We
thus would like to encourage the placing of a publicly
accessible line list of anonymised human Al cases,
e.g. directly by WHO. This might enhance our under-
standing of Al in humans and permit the rapid detec-
tion of changes in its epidemiology with implications
for human health.

Introduction

Avian influenza (Al) has received public attention since
1997 when human infections and thereof six fatal cases
due to the highly pathogenic avian influenza A(H5N1)
virus strain were confirmed in Hong Kong [1,2] and the
pandemic potential of Al viruses was recognised [3].
Since 2003, when avian influenza A(H5N1) reappeared,
the World Health Organization (WHO) has reported
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526 human infections with avian influenza A(H5N1), of
which 311 were fatal, from Central Asian, European and
African countries [4]. In several areas, highly patho-
genic Al in poultry has become endemic - with impli-
cations on human health, as exposure to sick or dead
poultry is a risk factor for Al in humans [2,5-8]. Because
of the pandemic potential of avian influenza A(H5N1),
there is a great need for joint risk assessments and as
a prerequisite for rapid international sharing of biologi-
cal materials, reference reagents, epidemiologic data
and other information when available, e.g. between
WHO member states and WHO [9].

Unique efforts were made to share information on Al
infections in humans, domestic poultry and wild birds
[10,11], e.g. through the reporting of confirmed human
cases under the International Health Regulations (2005),
supported by the WHO Global Alert and Response
System (GAR) [12]. Case-based reports irrespective of
the confirmation status have been mainly circulated by
the Program for Monitoring Emerging Diseases of the
International Society for Infectious Diseases (ProMED)
[13]. News agencies such as Reuters Alertnet [14], and
public health authorities, including the European Centre
for Disease Prevention and Control (ECDC) [15], the
World Organisation for Animal Health (OIE)/Food and
Agriculture Organization (FAO) network on animal influ-
enza (OFFLU) [16], and the Global Initiative on Sharing
Avian Influenza Data (GISAID) [17], have contributed in
compiling and publishing updates on Al in humans and
birds online. However, a uniform, case-based and thus
statistically analysable epidemiological database of all
human Al cases is not yet publicly available.

Germany, in need for timely information on the Al situ-
ation when Europe faced first avian influenza A(H5N1)
cases in birds in 2005, established an Al monitoring
system at the Robert Koch Institute (RKI) in October
2005, which captures case-based information on Al
infections in humans, as well as animal cases with
zoonotic potential, worldwide. This system proved par-
ticularly useful for situation updates, risk assessments

13



and national risk communication from February 2006
onwards, when avian influenza A(H5N1) was detected
in wild birds in Germany [18]. Although the body of lit-
erature has continuously increased meanwhile, namely
through WHO situation updates [2,19-23], and virologi-
cal orepidemiological studies [5,24-27], the RKI Al mon-
itoring system has been maintained to have a flexible
database available for epidemiological evaluations.

With the aim to examine whether a systematic line list
based on publicly available information on human Al
cases would contribute to the understanding of the epi-
demiology of human Al, we assessed case characteris-
tics, case fatality, and potential risk factors based on
our established line list.

Methods

Monitoring system

The system established in October 2005, consists of a
database, collecting events and reports in chronologi-
cal order, and a line list of human cases. The present
analysis is based exclusively on the line list and cov-
ers information on human Al cases reported between
September 2006 and August 2010 and with a symptom
onset date not earlier than September 2006. The mon-
itoring followed a standardised operating procedure,
defining information sources, intervals for screen-
ing the data and for the database management (as
described below), and was maintained in Excel (ver-
sion 11, Microsoft Corporation, Redmond, Washington,
USA).

Information sources

All screened information sources for human Al cases
were publicly accessible. They included WHO [12],
ECDC [15], ProMED [13], as well as Reuters Alertnet [14].
This range of sources was accessed to anticipate the
extent of non-confirmed human Al and to assess the
loss of information when ignoring them. All sources
were screened on a daily basis (weekdays only). If an
event was reported simultaneously by more than one
source, and if there was conflicting information, WHO
reports were ranked highest, followed by ECDC and
ProMED. If an event was reported prior to a WHO report
by another source, both the WHO and the initial report
were recorded.

Line list

The line list covered demographic case information,
namely the country to which the cases were assigned
to in the initial reports, the patients’ age (in years) and
sex, date of symptom onset, date of hospitalisation,
disease outcome, date of death, exposure to poten-
tially infected poultry, as well as possible contact with
infected individuals. Time intervals from symptom
onset to hospitalisation, from hospital admission to
outcome, the duration of hospitalisation, and the dura-
tion of illness were captured in days. The line list and
a description of the variable set are provided online
(http://www.rki.de/avian-influenza-linelist).
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Case definitions

Cases were classified into three groups: confirmed
cases, non-confirmed probable, and suspected cases,
in a more simplified way than by WHO. Confirmed
cases comprised avian influenza A(H5N1) human cases
reported by WHO and with WHO confirmation, i.e. per-
sons with defined clinical signs, epidemiological links
and laboratory confirmation by an influenza laboratory
accepted by WHO, as specified in the WHO case defini-
tion [28].

Other reported cases were (irrespective of their clini-
cal presentation) considered as probable if they had
exposure to WHO confirmed human cases, or to sick or
dead poultry, or the Al virus infection was confirmed by
the country or local institutions but not meeting WHO
criteria. All other non-confirmed cases were defined as
suspected cases.

Data analyses

The line list records were compared to the cumulative
number of confirmed human cases of avian influenza
A(H5N1) published by WHO [12]. The delay (in days)
between the date of WHO reporting, and the date of
the first report by another source than WHO, was cal-
culated for WHO confirmed cases.

Confirmed cases were further analysed for demo-
graphic and epidemiological characteristics strati-
fied by countries, including China, Egypt, Indonesia
and Vietnam (with 10 or more cases) and a remaining
group of all other countries. The cases were classified
in age groups of 10 year intervals. Incidences were
calculated over the study period as cases per 10 mil-
lion population, using population data from the United
Nations [29]. Median and inter-quartile ranges (IQRs)
were calculated for continuous variables and absolute
numbers and proportions (together with 95% exact
confidence intervals (Cls)) for categorical variables. For
comparison of characteristics, the Kruskal-Wallis test,
the Wilcoxon-Mann-Whitney test and Fisher’s Exact
test were used. Case fatality was assessed by calcu-
lating the cumulative (cCFR) and a rolling case fatality
rate (rCFR). Investigated factors potentially associated
with case fatality were age (grouped as 0-9, 10-19,
20-29, 230 years), sex, country, time from symptom
onset to hospitalisation, and reported exposure to
poultry. Univariable and multivariable logistic regres-
sion had been performed and results were presented
as odds ratios (OR) with 95% confidence intervals. In
multivariable analysis forward and backward selec-
tion was applied on all variables, where sex was taken
into account in all calculations. All possible two-way
interaction terms were tested separately and the likeli-
hood ratio test was used to analyse whether interac-
tion terms improved the model at a significance level
of 10%. The reported p values are two sided and p<o.o5
was considered statistically significant. Data were ana-
lysed using Excel (version 11, Microsoft Corporation,
Redmond, Washington, USA) and Stata (version 11.0,
StataCorp LP, TX, USA) software.

www.eurosurveillance.org



Results men corresponding to a men-to-women ratio of 0.8.
This ratio ranged from 0.6 to 1.3, with 0.6 in Indonesia,

Reported cases 0.8 in Egypt, 1.0 in the grouped remaining countries,
In the study period, we captured 294 human Al cases 1.1 in Vietnam, and 1.3 in China.
in 12 different countries of which 235 (80%) were WHO
confirmed, 35 (12%) were classified as probable, and The cases’ median age was 18 years but was signifi-
24 (8%) as suspected. The proportion of confirmed cantly higher in women than in men (21 years in women
cases was highest in Egypt (98/99, 99%) and lowest VS 14 years in men, p=0.04, Table 2). The median age
in Indonesia (82/126, 65%). Numbers of reported WHO differed markedly across countries. The lowest median
confirmed cases in our line list were largely congru- age of six years was found in Egypt with significant
ent with cumulative case numbers published by WHO, difference between women and men (16.5 vs 4 years,
except for Indonesia with 82 versus 102 cases, respec- respectively, p=0.002). In Egypt, the youngest age
tively (Table 1). This allowed for a close reproduction of group (o to 9 years) accounted for the highest number
WHO graphs on avian influenza A(H5N1) human cases of cases with 53 of 98 cases (54%) and had the high-
by date of symptom onset and country, which reveal est incidence of 284 cases per 10 million population of
highest case numbers in the winter and spring season the same age group, over the four-year study period.
of the northern hemisphere (Figure 1). In contrast, Indonesia, China, and Vietnam had highest
case numbers and incidences in the age group of 20 to
The median delay from symptom onset to the initial 29 years (Figure 2).
report by any source was 11 days among 201 cases with
available information (Table 1). Egypt had the shortest Exposure to poultry
median delay of seven days. Fifty-two percent of the Ninety-six percent of confirmed cases (187/194 with
confirmed cases (123/235) were initially reported by available information) had reportedly direct or indi-
another source than WHO in a median of three days rect contact to potentially infected poultry. The pro-
prior to the WHO report (Table 1). The shortest median portion of individuals with reported exposure differed
delay between the initial report and the WHO report significantly across countries (p=0.009) and ranged
was two days in China and Indonesia, whereas the from 80% to 100%, with 8/10 in the grouped remain-
longest median delay was nine days in Vietnam and ing countries, 10/12 in China, 55/57 in Indonesia,
the grouped remaining countries. 93/94 in Egypt and 21/21 in Vietnam without signifi-
cant differences by the cases’ sex or age (p=0.70 and
Demographic characteristics p=0.06, respectively).

Fifty-seven percent of confirmed cases (132/233 with
available information) were women and 43% (101/233)

TABLE 1

Status and cumulative number of avian influenza human cases reported by the World Health Organization and captured by
the Robert Koch Institute monitoring system, and delay in reporting confirmed cases, September 2006—August 2010

i brsr Number and percentage of cases and their confirmation status  Delay from symptom Delay from initial
Country of cases - - 5 N
= (RKI line list) onset to initial report® report to WHO report®c
(WHO?)
Total Confirmed Probable Suspected in days in days
Nd N¢ % N¢ % N¢ % N¢ % N¢ median (IQR) N median (IQR)
China 18 19 100 18 95 o o 1 5 18 11.5 (9-14) 10 2 (1-3)
Egypt 98 99 100 98 99 0 0 1 1 77 7 (5-13) 43 3 (1-5)
Indonesia 102 126 100 82 65 27 21 17 13 71 12 (10-18) 48 2 (1-4)
Vietnam 26 34 100 25 74 4 12 5 15 25 13 (11-20) 18 9 (4-20)
all others® 12 16 100 12f 75 48 25 o o 10 20 (7-116) 4 9 (5-12)
all countries 256 294 100 235 80 35 12 24 8 201 11 (7-16) 123 3 (1-6)

IQR: inter-quartile range.

RKI: Robert Koch Institute.

WHO: World Health Organization.

2 reported as cumulative numbers by the WHO [2].

® only WHO confirmed cases, the initial report is by any source.

¢ data only available for cases reported initially by a different source than the WHO.

4 Number of cases with available information.

¢ Bangladesh, Cambodia, Laos, Myanmar, Nigeria, Pakistan, Republic Korea, Thailand.
fBangladesh (N=1), Cambodia (N=4), Laos (N=2), Myanmar (N=1), Nigeria (N=1), Pakistan (N=3).
¢ Nigeria (N=1), Pakistan (N=1), Republic Korea (N=1), Thailand (N=1).

www.eurosurveillance.org 15



FIGURE 1

Number of confirmed avian influenza A(H5N1) human cases by date of symptom onset and country, as well as cumulative
case fatality rate and 19-months rolling case fatality rates, September 2006-August 2010 (n=213)
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cCFR: cumulative case fatality rate.
rCFR: 19-months rolling case fatality rate.

FIGURE 2

Incidences and number of confirmed avian influenza A(H5N1) human cases by age group and country, September 2006-
August 2010 (n=230)
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Hospitalisation

All 228 cases with available information had been
hospitalised. Patients were admitted to hospital in a
median of four days after symptom onset (N=197, Table
3). The median time from symptom onset to hospitali-
sation ranged from two to five days, with two days in
Egypt, two and a half days in the grouped remaining
countries, four days in China and five days in Indonesia
and Vietnam. No significant sex-specific differences
were found in this delay (p=0.706).

Case fatality

Fifty-six percent (132/235) of confirmed cases died. The
CFR differed across countries ranging from 28% (27/98)
in Egypt to 87% (71/82) in Indonesia. The cCFR and the
19-month rCFR indicated a decline in case fatality over
the study period (Figure 1). Whereas the cCFR was lit-
tle affected by the outcome of new cases and had only
slightly decreased, the rCFR had steeply declined in the
period from April 2008 to April 2009. Until mid 2008, a
large proportion of cases occurred in Indonesia (coun-
try with highest CFR) and shifted thereafter to Egypt
(country with lowest CFR). Accordingly, country-specific
rCFRs for Indonesia and Egypt were less steep than the
overall rCFR. The 19-months rCFR was privileged as it
was less affected by case-free periods than rCFRs cal-
culated over shorter periods (not shown).

In Egypt, fatal cases had a median age of 25 years, which
was, at significant level, higher than the age of cases
who survived (four years, p<o.oo1; Table 2). The CFR in
Egypt was significantly higher in women than in men,
(39% (22/56) vs 12% (5/42) respectively, p=0.003),
which was not observed elsewhere (China: 63% (5/8)
in women vs 70% (7/10) in men, p=1.0; Indonesia: 84%
(43/51) vs 90% (28/31), p=0.521; Vietnam: 58% (7/12)
Vs 69% (9/13), p=0.688; remaining countries: 80%
(4/5) vs 40% (2/5), p=0.524, respectively).

A significant difference in time from symptom onset to
hospitalisation between survivors and fatal cases was
only found in Egypt (one day vs four and a half days
respectively, p=0.001, Table 3). All 19 cases worldwide
hospitalised eight days after symptom onset or later
had died.

Figure 3 shows the CFR in function of the time from
symptom onset to hospitalisation, stratified by Egypt
and Asian countries (grouped).

The median time from symptom onset to death was
nine days (N=118), irrespective of the patients’ sex
(p=0.605), and without significant difference across
age groups (p=o0.564, data not shown) or reporting
countries (p=0.213).

The multivariable logistic regression revealed that
odds of fatal outcome increased by 33% with each day
that passed from symptom onset until hospitalisation
(OR: 1.33, 95% Cl: 1.11-1.60, p=0.002). In relation to
children of 0—9 years, odds of fatal outcome were more
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than six times higher in 10-19 year-olds and 20-29
year-olds (OR: 6.06, 95% Cl: 1.89-19.48, p=0.002 and
OR: 6.16, 95% Cl: 2.05-18.53, p=0.001, respectively),
and nearly five times higher in patients of 30 years and
older (OR: 4.71, 95% Cl: 1.56-14.27, p=0.006). Using
Indonesia as a reference, odds of dying were lower
elsewhere, namely by 92% in Egypt (OR: 0.08, 95%
Cl: 0.03-0.22, p<0.001), by 81% in China (OR: o.19,
95% Cl: 0.04-0.90, p=0.036), and by 79% in Vietnam
(OR: 0.21, 95% Cl: 0.06-0.75, p=0.016), but not in
the grouped remaining countries (OR: 0.23, 95% Cl:
0.04-1.27, p=0.091). Exposure to poultry was not sig-
nificant and none of the interaction terms significantly
improved the model fit. They were thus not retained in
the final model.

Discussion and conclusions

With this study, we summarised the current global Al
situation in humans. It is, to our knowledge, the first
study that not only analysed human Al cases worldwide
on the basis of a line list collected over several years
but in addition made these case-based data available
online. We found that a longer delay from symptom
onset to hospital admission and belonging to older
age groups were associated with higher mortality in Al
patients, and that the situation in Egypt differed mark-
edly from other countries with highest Al incidences in
children and lowest CFR.

With our line list, cumulative case numbers published
by WHO [4] could be largely reproduced: 235 of 256
WHO confirmed cases (92%) and additional 59 uncon-
firmed cases were captured between September 2006
and August 2010. The identified median reporting

FIGURE 3

Time from confirmed avian influenza A(H5N1) human
cases’ symptom onset to hospitalisation and case fatality
rate stratified for Egypt and Asian countries, September
2006-August 2010 (n=197)
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2 Asian countries include Cambodia, China, Indonesia, Laos,
Myanmar, Pakistan, Vietnam.
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delay of 11 days after symptom onset may partly be
explained by a deferred presentation to healthcare
facilities as well as by the time needed for pathogen
confirmation. About 52% of confirmed cases had been
reported elsewhere in a median of three days prior to
the WHO report. Because delays in availability of infor-
mation could hamper investigations of the source of
infection and of clusters of human cases [30], it could
be beneficial to report and document probable cases in
parallel with confirmed ones [31].

Confirmed cases had a median age of 18 years, which is
consistent with earlier findings, although investigation
periods and affected countries varied [2,19,21]. The
identified predominance of female cases in Indonesia
and Egypt and the low age median among Egyptian
cases support findings from previous studies [2,23-
25]. Schroedl [32] examined the mean age of cases in
Egypt over four seasons between August 2006 and July
2009 and found a declining age-based pattern over
time, but did not address sex-specific differences. We
found, in line with other studies, a significantly older
age of female cases than male cases, whose propor-
tion had increased since 2008 in Egypt [24,25]. Chen
et al., analysing Al cases worldwide before June 2006,
also identified sex-specific differences in the age-
groups of 4 to 6 years (95% male) and 25 to 30 years
(83% female) [33]. They assumed particularly high lev-
els of exposure in pre-school boys playing outdoors
and housewives taking care of fowl and frequenting
live markets. Fasina et al. suggested a similar explana-
tion for the situation in Egypt [25].

Ninety-six percent of the cases had reportedly direct
or indirect contact to potentially infected poultry, rec-
ognised as the most important risk factor for humans
Al [8,34]. The WHO Clinical Case summary Form [35],
where e.g. “poultry” can be checked as “most likely
source of infection” has enhanced the systematic col-
lection of information since 2007. However, currently
reported information vyields little insights into the
actual source of infection and the intensity and quality
of exposure needed to infect humans [36-38].

The median time from symptom onset to hospitalisation
was four days, which is remarkably stable when com-
pared to earlier studies [19,21]. If time to hospital admis-
sion is regarded as an indicator for monitoring case
management and patients’ awareness [31], no progress
would be evident from a global perspective so far.

The cases’ average CFR was 56%, which is widely con-
sistent with findings from earlier investigation periods
[2,19,23]. Using a 19-month rolling CFR, we found a
clear decrease in case fatality, which persisted when
stratifying for Egypt and Indonesia. It could thus not
simply be explained by a predominance of Egyptian
cases since 2009. Regarding the decreasing CFR in
Egypt, Schroedl [32] suggested that the circulating Al
virus strain may have become less virulent and more
apt to spreading among children.

20

Analytical results revealed lowest odds of dying for
Egyptian cases, even when adjusted for age, sex and
time to hospitalisation. Thus, the high proportion of
survivors in Egypt cannot be entirely explained - as
often assumed - by sex-specific differences in CFR
[21,24] and the high proportion of children among
Al patients in Egypt [5], as well as short delays from
symptom onset to hospitalisation [25].

It cannot be ruled out, that different virus clades circu-
lating in Egypt (clade 2.2) and Asia (clades 2.1 and 2.3)
shape the country-specific epidemiological features
[2,23]. Differences in CFR across countries and changes
over time might also partly be explained by differences
in intensity and quality of exposure, health-seeking
behaviour, reporting attitudes, overall performance
of the surveillance system, and access to diagnos-
tics and medical care [23,27,39,40], such as the time
to start of oseltamivir treatment, the antiviral recom-
mend by WHO for human infections with Al virus [2].
However, country-specific details on its administration
are widely unknown and it remains controversial up to
how many days after symptom onset the application of
the antiviral reduces mortality [30,41]. In our study all
patients hospitalised eight or more days after symp-
tom onset died. This suggests a rather narrow time
window for antiviral drug administration.

Our study was solely based on data from publicly
available case reports and is subject to several limi-
tations. Our monitoring instrument was only entirely
implemented in August 2006 and thus trend analyses
were not exploited to its full extent. Within the used
reports, negative values, e.g. “case not hospitalised”,
were not systematically mentioned, which may lead to
biases. Time specifications, e.g. on dates of exposure
or hospitalisation, needed for time-to-event analyses,
were often incomplete. Case reports did not systemati-
cally contain details on medical care and specific anti-
viral treatment. Therefore, analyses were restricted
to “hospitalisation” as general indicator for access to
medical care. Given the sparse information on possible
contact with infected individuals and clusters of human
Al cases available from the serial reports within the
investigated period, clusters could not be evaluated as
initially planned. Other studies reporting on clustered
cases had mostly accessed additional case-investiga-
tion reports and patient interviews [23,30]. We based
our analyses on WHO confirmed cases, although
unconfirmed cases had been recorded in our line list,
due to lacking information for probable and suspected
cases. Including probable cases in our analyses did,
however, not change the cases’ sex ratio or CFR sub-
stantially when compared to confirmed cases only.

Our study points out that data extracted from the pub-
lic domain already yields pertinent epidemiological
information for assessing the current situation and
developments of Al in humans. A line list format as
provided would enhance the analysability of key data,
their updating, and the evaluation of variables needed.

www.eurosurveillance.org



Several countries monitor the global Al situation,
whether they currently face human Al cases, e.g. Egypt
[25], or not, e.g. France [27]. This indicates a common
interest in data and if they were directly provided in
such format, this would help to save time and resources
for public health authorities and researchers.

A line list needs to be flexible in view of potential new
information to be entered. New variables and param-
eter values might come up, when the minimum dataset
suggested Bird and Farrar [31] on direct and indirect
exposures to avian influenza A(H5N1) confirmed and
non-confirmed poultry and human exposures would
be implemented or when results from prospective
studies involving exposed and unexposed individu-
als as designed by Kayali et al. [34] are available.
Unconfirmed cases would ideally be recorded as sys-
tematically as confirmed cases, either in a common or
separate database as suggested by Bird and Farrar [31].

Presenting cases in the format of a line list is not a
goal in itself, but a prerequisite for targeting surveil-
lance and identifying risk factors, as well as a starting
point for prospective studies, e.g. investigating poten-
tial human-to-human transmission, the transmissibil-
ity of avian influenza viruses, and host-related factors
including age-dependent immunity in humans [33,42].

We would like to encourage that an anonymised case-
based database for Al in humans is directly placed
publicly and continuously updated, e.g. by an inter-
nationally renowned organisation such as WHO. Open
access to analysable data might accelerate the identi-
fication and implementation of research questions and
surveillance priorities and thus enhance our under-
standing of - still mostly fatal — Al in humans and
permit the rapid detection of epidemiological changes
with implications for human health.
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This paper estimates the prevalence of human immuno-
deficiency virus (HIV) infections in women giving birth
and women voluntarily terminating pregnancy over a
period of sixteen years in Catalonia. Samples for HIV
antibody detection were collected from the Neonatal
Early Detection Programme for congenital metabolic
diseases that covers 99% of infants born in Catalonia.
The sampling method collected information of 50%
of births every year and of all women attending three
clinics for voluntary interruption of pregnancy. Using
two sequential immunoassays we analysed unlinked
anonymous blood spot samples from 549,689 new-
borns between 1994 and 2009 and from 31,904 women
who voluntarily interrupted pregnancy between 1999
and 2006. HIV prevalence among women giving birth
decreased from 3.2 per 1,000 in 1994 to 1.7 per 1,000
in 2009 (p<o.01) and the mean age of infected moth-
ers increased from 26 years in 1994 to 32 years in
2009 (p=0.001). A decrease in HIV prevalence was
also observed in women voluntarily terminating preg-
nancy, from 2.3 per 1,000 in 1999 to 1.0 per 1,000 in
2006 (p<0.01). In contrast, estimated HIV prevalence
in mothers born outside Spain increased from 2.2 per
1,000 in 2002 to 3 per 1,000 in 2009 (p<o0.01) and their
average age increased from 27 years in 2003 to 31
years in 2009 (p<0.01).

Introduction

Accurate estimates of the number of individuals liv-
ing with human immunodeficiency virus (HIV) infec-
tion are essential for the planning and monitoring of
HIV prevention and care programmes. Studies of HIV
prevalence in sentinel populations are one of the key
strategies to monitor the epidemic [1], and one of the
methods that has been widely used in sentinel popu-
lations is unlinked anonymous testing (UAT) [2]. By
1987, the United States and the United Kingdom (UK)
had already put in place UAT programmes to improve
the understanding of the evolving epidemic in their
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countries. Over the years, UAT in pregnant women has
been substituted by regular antenatal screening pro-
grammes in most European and North American coun-
tries and only few countries such as the UK and Spain
still maintain this surveillance approach.

The UAT to monitor trends of HIV infection in women
giving birth in Catalonia is performed annually on
blood samples collected from newborns. The pres-
ence of HIV antibodies in the newborn reflects mater-
nal infection due to the passive transfer of maternal
antibodies to the infant. Since this testing is unlinked
(prior to HIV testing the link between the specimen and
the personal identifying information is removed) and
anonymous (the health staff cannot identify an individ-
ual’s test result), it is impossible to inform the women
of the test results.

The use of sentinel populations to estimate prevalence
is a common practice and UAT in these populations has
been seen since the beginning of its use as a good tool
to prevent participation bias associated with popula-
tions at risk (the higher the risk the lower the will to
participate) [2] Catalonia UAT has proven to be an easy
and cost-effective tool to monitor prevalence because of
its association with other screening programmes that
provide very good coverage of the population of women
of childbearing age. The objective of this study was to
describe the HIV epidemic and trends in women giving
birth and those terminating pregnancy as an estimation
of the HIV prevalence in pregnant women in Catalonia.

Methods

In the period from 1994 to 2009, we used samples
from newborns of women living in Catalonia collected
as part of an annual cross-sectional study. In addition,
we analysed blood samples from women voluntarily
terminating their pregnancy in three selected clinics in
Catalonia in the period from 1999 to 2006.
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Women giving birth

The Catalan Neonatal Early Detection Programme
(NEDP) has been collecting blood spot samples from
all newborns since 1994. These samples are used
to determine hypothyroidism, phenylketonuria and
cystic fibrosis in newborns. This screening is carried
out annually by the Institute of Clinical Biochemistry
(Institut de Bioquimica Clinica, IBC) and covers 99% of
all infants born in Catalonia [3].

For 1994, we obtained samples for HIV antibody detec-
tion from this pool of the NEDP for the period between
August and December. For all subsequent years until
the end of 2009, we selected samples from every sec-
ond month. The total sample obtained represents half
of the yearly newborns in Catalonia [4].

Before determination of HIV antibody status, the sam-
ples from women giving birth were screened for neona-
tal metabolic disease. The remaining dried blood spots
were used for the HIV antibody detection. This is an
UAT programme to estimate HIV prevalence in pregnant
women. Although this meant that the women could not
be informed of the result, all of them were offered HIV
testing as part of their routine screening during preg-
nancy, and women testing positive there were offered
treatment. The annual number of samples needed to
estimate a prevalence of between 1.8 and 2.8% with
a 95% confidence interval and a precision of 0.06% is
around 35,000 samples. The yearly mean of samples
obtained during our period of study was 34,391 [5].

Women terminating pregnancy

The second source of information to monitor HIV preva-
lence in pregnant women were blood samples taken
from women attending three specialised medical cen-
tres to terminate their pregnancies. Informed consent
was required to obtain these samples. All dried blood
spots from women terminating pregnancy were sent to
the IBC for HIV antibody detection.

There were at least 11,000 voluntary interruptions of
pregnancy annually in the three centres participating
in the study. Testing all samples from these centres, we
can therefore estimate a prevalence of 2 per 1,000 with
a 95% confidence interval and a precision of 0.08%.

In women terminating their pregnancy, information on
age was available for those sampled in the years 1999
to 2006. Mean age comparisons between women giv-
ing birth and those terminating pregnancy have been
performed for this period of time. Information about
country of origin was poor and discarded in the analy-
sis of this set of samples.

Sample analysis

Sample collection and HIV antibody detection was
done using dried blood spots. Two drops of blood
were collected on filter paper discs (Schleicher and
Schuell no. 903TM, Dassel, Germany) and stored at 4
°C until used. HIV antibodies were determined using a
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modified Serodia IgG antibody-capture particle agglu-
tination test (GACPAT) for HIV-1 (Fujirebio Diagnostics)
[6]. Positive samples were sent to the Microbiological
Service of the University Hospital Germans Trias |
Pujol (HUGTIP) to confirm the results using an IgG
antibody capture ELISA for HIV-1 and HIV-2. Until 2001
this was done using the GACELISA test (Murex, UK)
[7]. In 2002 this confirmatory test was replaced with
the Pasteur HIV-1/2 GenElavia Mixt ELISA (BioRad,
Spain) after checking that normal and external valid
values were similar for both tests [8].

Variables collected in the study were HIV status of the
pregnant women, age and country or region of origin.
Confidentiality for both data sets (women giving birth
and those terminating pregnancy) was ensured by
using a computer-aided coding process at the NEDP.
The results of HIV antibody testing could not be cor-
related with any patient identification number.

The annual HIV prevalence among women of child-
bearing age was computed as the number of HIV-
positive samples divided by the total number of
HIV-positive and HIV-negative samples tested each
year, with 95% confidence intervals. Trends were
analysed using the Cochran-Armitage test. Data were
analysed using Stata SE 8. For the age variable, a
comparison between women giving birth and those
terminating pregnancy was done by non-parametric
Mann-Whitney U-test.

Results

Among the 581,593 blood spot samples analysed,
549,689 were from infants born during the years 1994
to 2009 and 31,904 from women terminating their
pregnancy during the years 1999 to 2006. We obtained
1,081 HIV positive results, representing a global preva-
lence of 1.85 per 1,000. Overall, we tested 54% of all
women giving birth in Catalonia, ranging from 53% in

FIGURE 1

HIV prevalence in women giving birth, Catalonia,
1994-2009 (n=549,689)
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1996 to 46% in 2008, and 24% of those terminating
pregnancy from 1999 to 2006.

Our estimates show a decreasing trend in HIV preva-
lence from 1994 (3.2 per 1,000) to 2002 (1.4 per 1,000;
p<o.01). It then remains steady until 2009 (1.7 per
1,000; p=0.145) (Figure 1).

Information on age was available in 562,977 of 581,593
samples (97%). The mean age for all women was 30.3
years, similar in HIV-seropositive (30.8 years) and HIV-
seronegative women (30.3 years). However, the mean
age of HIV-infected mothers was lower among those
born outside Spain (29 years) than among Spanish
mothers (33 years) (p<o.oo1),reflecting the mean age
of the general population: mean age of foreign and
Spanish mothers, 29 years and 32 years, respectively.

When analysing the data by age, we saw a decreasing
logarithm trend in the age group of 20 to 29 year-olds
(p¢0.001) and no significant trend in the age groups
under 20 years (p=0.41), from 30 to 39 years (p=0.04)
and 4o years and older (p=o0.01) (Figure 2).

FIGURE 3

HIV prevalence trends in woman giving birth, by country
or region of origin, Catalonia, 2002-2009 (n=315,657)
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FIGURE 2

HIV prevalence in women giving birth

by country or region of origin

Country of birth information was available only for
women giving birth between 2002 and 2009, with poor
completion in 2002 (country of origin was unknown in
79% of records) but much better completion in 2009
(missing information in only 2% of the records).

We observed an increasing trend in HIV prevalence
between 2007 (1.6 per 1,000) and 2009 (3 per 1,000)
among women born abroad, compared to lower preva-
lence rates and a decreasing trend from 1.3 per 1,000
to 1.1 per 1,000 among Spanish women in the same
period. Prevalence was particularly high among those
from Sub-Saharan Africa, reaching 6.9 per 1,000 in
2004 and 5.4 per 1,000 in 2009 (Figure 3).

HIV prevalence trends in women terminating
pregnancy versus those giving birth

Information on women terminating pregnancy was
available only for the period 1999 to 2006. We ana-
lysed samples from 31,904 women who interrupted
their pregnancy in the three participating centres, rep-
resenting 27% of all women who legally interrupted
pregnancy in Catalonia.

FIGURE 4

HIV prevalence in women terminating pregnancy versus
those giving birth, Catalonia, 1999-2006 (n=325,223)
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HIV prevalence during this time period did not differ
between women terminating pregnancy and women
giving birth (p=0.06), with 42 of 31,904 (13%) and
522 of 293,120 (18%) HIV-positive.samples, respec-
tively. HIV-positive women terminating pregnancy were
younger than those giving birth (average age 26.6 ver-
sus 30.6 years; p<0.0001) for the same time period. A
non-significant decreasing trend in HIV prevalence was
observed in women who voluntarily interrupted preg-
nancy (p=0.066) from 2.3 per 1,000 in 1999 to 1.0 per
1,000 in 2006 (Figure 4).

Discussion and conclusion

Unlinked anonymous surveillance of newborns and
women interrupting pregnancy allowed us to estimate
the HIV prevalence among pregnant women as a sur-
rogate for HIV infection prevalence in women of child-
bearing age. We found this method to be feasible and
reliable in Catalonia. Our study provides 16 years of
meaningful information, if limited by covering only the
variables age and country of origin.

Data from women voluntarily interrupting pregnancy
were included with the objective of identifying any
potential bias due to voluntary interruption of preg-
nancy among women with higher rates of HIV infec-
tion [9]. However, their HIV prevalence was similar to
the one found in women giving birth. Nevertheless, the
small sample studied cannot guarantee the represent-
ativeness for all interrupted pregnancies performed in

TABLE**

Catalonia, because important hospitals did not con-
tribute data.

The HIV prevalence rates followed a decreasing trend
between 1994 and 2002, rose in the following three
years (2003 to 2005), dropped in 2006 and then
increased again in the years up to 2009. This rise was
observed not only in Sub-Saharan African mothers but
also in other European countries and Latin America. As
expected, the seroprevalence observed in this study
reflected the prevalence in the regions where the study
population originated. For the decade 2000 to 2010,
the HIV prevalence in Sub-Saharan Africa is reported
as around 5o per 1,000, in Latin America around 5 per
1,000 for the same time period and in other European
countries of around 2 per 1,000 [10,11].

Compared to other autonomous regions of Spain for
which data are available, Catalonia has since the
early 9os had one of the highest HIV prevalence rates
[12,13], after the Canary and Balearic Islands. Over the
period from 1995 to 1998 prevalence rates we observed
in Catalonia decreased from 3.1 to 1.7 per 1,000. Other
European countries such as Germany, Italy and the UK,
where UAT has been used since the early 1990s, had
different experiences in the same time period. In Italy
[14,15] rates did not change significantly as well as in
Scotland [15] and Germany [15].* Information available
from the years 1999 to 2004, shows that HIV preva-
lence estimations from UAT in Catalonia followed a

HIV prevalence rates per 1,000 samples tested from unlinked anonymous testing in some European countries

Catalonia (Spain) Germany Scotland (UK) UK (all)
1995 32 12 NA 0.9° NA NA
1996 2.2° 12 NA 0.7° NI NA
1997 2.2° 1.3° NA 0.6° NI NA
1998 1.7° 1.4° NA 0.8 NI NA
1999°¢ 2 1.6 0.2 0.8 0.2 0.7
2000° 2.2 1.3 0.2 0.5 0.9
2001° 2 1.4 0.3 0.8 0.3 1.1
2002°¢ 1.4 1.6 0.2 0.7 0.6 1.5
2003°¢ 1.7 1.6 NA NA 0.3 1.7
2004° 1.9 1.5 NA NA 0.5 1.9
2005 1.8¢ 1.3¢ NA NA NA NA
2006 1.59 1.7¢ NA NA NA NA
2007 1.59 1.3¢ NA NA NA NA
2008 1.59 1.59 NA NA NA NA
2009 1.7° NA NA NA NA NA

NA: not available; NI: not included.
2 Source: [12].
® Source: [14].
¢ Source: [15].
4 Source: [13].

¢ Source: original date from the Unlinked Anonymous Testing Programme in Catalonia.
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different trend than, for example, those in the UK [15]
where the prevalence was systematically increasing
over the years (Table).

HIV prevalence among pregnant women in the World
Health Organization European Region [16] has been
monitored using three methods: seroprevalence stud-
ies based on UAT of either newborns or pregnant
women, seroprevalence studies based on multiple data
sources (for other sexually transmitted diseases such
as syphilis or hepatitis), and systematic collection and
reporting of the results of diagnostic testing carried out
among pregnant women in antenatal care or at deliv-
ery. Most of these countries are nowadays prioritising
the third method because of increased accessibility to
testing through antenatal care and the establishment
of national registers of pregnant women, thus making
UAT potentially redundant.

In Catalonia, UAT of neonatal dried blood spots taken
for metabolic screening has been carried out since 1994
and the policy of universal antenatal HIV screening was
introduced in 1996 [17]. However, to obtain prevalence
rates through antenatal HIV screening, we would need
information on the number of pregnant women tested
for HIV, and in our country the systems to obtain this
information are not yet in place. Therefore, UAT has
been continued, mainly because data and sample col-
lection are simple, cheap and have the added advan-
tage of providing unbiased prevalence rates. On the
other hand, UAT of blood taken from women voluntarily
interrupting their pregnancy was stopped in 2007 due
to small samples and low representativeness.

As in other regions of Spain, pregnant women in
Catalonia are offered HIV screening in the first trimes-
ter of pregnancy and, if they are at risk of exposure,
also during the third trimester of pregnancy [18]. A sur-
vey of HIV testing coverage conducted in Catalonia in
the year 2000 found that 89% of women were tested
during pregnancy, which at the time was assessed as
good coverage [19,20]. Current policy aims at 100%
coverage, and there is concern regarding subpopula-
tions that never reach antenatal care because of low
educational level, low interest or arrival to the country
at the time of delivery. It is worth noting that between
the years 2000 and 2009, the foreign population in
Catalonia has increased from 2.9% to 15.9% of the
total population [21]. Targeted efforts to include for-
eign mothers are not in place or of dubious efficacy.
Strengthening surveillance and promoting testing at
voluntary counselling and testing sites may support
the already existing and well functioning antenatal care
programme. Another important use of the UAT data is
to produce estimates of HIV infections in order to plan
and monitor the HIV prevention and care programs.

In conclusion, since routine HIV surveillance does not
provide data on undiagnosed infections and there is
evidence that immigrants may not have access to pre-
natal care until delivery, data from UAT in Catalonia is
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still useful to complement the epidemiological data on
this infection. Moreover, UAT among pregnant women
is still the best available surrogate for HIV prevalence
among the sexually active female population.
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Authors’ correction

At the request of the authors, the following changes were
made on 18 August 2011:

*The sentence that read ‘In Italy rates did not change signifi-
cantly as well as in Scotland [14], in Germany (Berlin) and the
UK (London inner city), there was an increasing trend from
0.4 to 0.7 and 1.8 to 2.2, respectively [14].” was replaced by
the following: ‘In Italy [14,15] rates did not change signifi-
cantly as well as in Scotland [15] and Germany [15].

** Numbers and sources in the table were corrected.

*** References were corrected and renumbered in the text
and reference list.
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The European Commission has decided to allocate an
additional EUR 12 million from the European Union (EU)
Research Framework Programme to reinforce Europe’s
capacity to deal with pathogens such as the new
Escherichia coli strain that recently infected almost
4,000 people in Europe, resulting in 46 deaths [1]. This
funding was announced on Tuesday, 9 August 2011, by
Maire Geoghegan-Quinn, the European Commissioner
for Research, Innovation and Science [2].

This autumn, a cross-border consortium called
ANTIcipating the Global Onset of Novel Epidemics
(ANTIGONE) will begin research on the new E. coli
strain — for which about EUR 2.1 million will be dedi-
cated — and other virulent pathogens that could pose a
threat to human health.

ANTIGONE is planned to involve 14 partners from seven
countries to build knowledge and gather resources to
help identify, study, prevent and counteract unex-
pected new epidemic threats, including Shiga toxin-
producing E. coli (STEC), Crimean-Congo haemorrhagic
fever (CCHF), Ebola, severe acute respiratory syndrome
(SARS), plague, Q fever, etc. When new diseases
emerge, ANTIGONE will be able to perform and coor-
dinate analysis of the bacteria or viruses involved and
of the epidemiology of the disease concerned and also
the way the pathogen is transmitted. The project will
also try to identify possible ways of eradicating the
disease and draw lessons that may help prevent simi-
lar threats in the future. The project will also allow
for a quick response to any future unexpected human
epidemic threat without the need for a new call for
proposals.

The consortium will work in close collaboration
with another project selected for funding earlier,
PREDEMICS (Preparedness, Prediction and Prevention
of Emerging Zoonotic Viruses with Pandemic Potential
using Multidisciplinary Approaches), which focuses on
infections caused by four virus families with epidemic
potential in Europe: influenza, hepatitis E, rabies and
rabies-related lyssaviruses, and two flaviviruses,
Japanese encephalitis virus and West Nile virus.
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