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A laboratory-confirmed lymphogranuloma venereum 
(LGV) case in Slovenia was reported in 2015, in a human 
immunodeficiency virus (HIV)-negative man presenting 
with inguinal lymphadenopathy. He reported unpro-
tected insertive anal intercourse with two male part-
ners in Croatia. Variant L2c of Chlamydia trachomatis 
was detected in clinical samples. Although the patient 
was eventually cured, the recommended treatment reg-
imen with doxycycline had to be prolonged. 

We describe a laboratory-confirmed case of lym-
phogranuloma venereum (LGV) in Slovenia, reported to 
the National Institute of Public Health (NIPH) in 2015 
according to the Communicable Diseases Act that pro-
vides for mandatory universal reporting of all diag-
nosed LGV cases.

Clinical case management
In August 2015, a man who had sex with men in his 
late 40s with no medical history presented at the 
Clinic for Infectious Diseases and Febrile Illnesses, 
University Medical Centre Ljubljana, with a one-week 
history of painful swelling in the left groin, and sore 
throat. He reported no urethral discharge, no genital 
ulcers and no systemic symptoms. The baseline leu-
kocytes and C-reactive protein (CRP) were normal and 
serology excluded infectious mononucleosis, toxo-
plasmosis and cat scratch disease. Fine needle aspira-
tion tested negative for malignant cells. No antibiotics 
were prescribed. One week later he presented with 
fever (>38.5°C), malaise and unilateral inguinal ery-
thema above the much increased swelling. Ultrasound 
of the left groin revealed two necrotic lymph nodes 
with abscess formation. Since LGV was suspected 
a bubo aspirate as well as urethral, pharyngeal and 
rectal swabs, and a urine sample were obtained for 
Chlamydia trachomatis (CT) DNA detection by real-time 
polymerase chain reaction (PCR). The urethral sample, 

bubo aspirate and urine tested positive for CT, mean-
while a real-time PCR specific for serovars of CT caus-
ing LGV (PCR LGV) tested positive for a urethral sample 
and a bubo aspirate. According to the 2013 European 
guideline on the management of LGV [1], doxycycline 
100 mg twice daily (bid) was prescribed for 21 days 
(Figure). Infections with Neisseria gonorrhoeae, human 
immunodeficiency virus (HIV), hepatitis B virus (HBV) 
and hepatitis C virus (HCV), Treponema pallidum, and 
urogenital mycoplasmas were excluded.

After five days of doxycycline, the patient’s general 
condition improved, but the swelling increased and 
fluctuated with no spontaneous perforation, so a 
drainage incision of the swollen lymph node was per-
formed, with pus testing positive by PCR LGV. Sixteen 
days after surgical incision, pus secretion from the 
incision wound still tested positive by PCR LGV, while 
culture yielded no CT isolates. The treatment with 
doxycycline was prolonged to 24 days by which time 
the incision wound was clean so the antibiotic therapy 
was stopped. However, two days later, the patient pre-
sented once more with painful erythematous swelling 
in the same area and abscess formation within necrotic 
lymph nodes, confirmed by ultrasound. Pus that was 
evacuated via a Penrose drain tested positive by PCR 
LGV, therefore the patient was again started on doxy-
cycline. Despite the extended doxycycline treatment 
and drainage, the inguinal bubo did not subside and 
ultrasound examination revealed a new suppuration. 
Thirty-four days after the start of antibiotic therapy 
three necrotic lymph nodes were extirpated. The lymph 
node tissue proved positive in CT culture as well as 
by real-time PCRs for CT DNA and LGV-specific DNA. 
The doxycycline treatment was prolonged and sub-
sequently stopped after clinical improvement, which 
occurred 54 days after initial administration. Six days 
later, the patient presented again with new buboes, 
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medially from the previous ones, and the ultra-
sound examination confirmed necrotic lymph nodes. 
Doxycycline was re-administered. Pus aspiration was 
negative for CT DNA and LGV-specific DNA by PCR. 
Clinical and ultrasound follow-up was continued on 
a two-week basis and the doxycycline treatment was 
stopped after 116 days, when clinical and ultrasound 
examination showed no remaining inflammation in the 
left inguinal region. On follow-up visit 40 days after lat-
est treatment cessation no clinical relapse was noted.

Laboratory confirmation
Urethral, rectum and throat swabs, urine and pus aspi-
rated from the suppurative lymph node, were tested 
for CT using COBAS TaqMan CT test, v2.0 (Roche, 
Germany) according to manufacturer’s instructions. 
All except rectum and throat swabs tested positive. 
Subsequently, LGV infection was identified by a real-
time PCR using pmp-H gene specific primers together 
with a specific MGB probe for LGV biovar, including 
serovars L1, L2, L2b, L3 (Applied Biosystems, US), as 
described previously [2]. Sequencing of the ompA gene 
was performed to confirm LGV infection and to specify 
the biovar L strain. Analysing the obtained 1,003 bp 
double stranded consensus sequence by basic local 
alignment search tool (BLAST) algorithm showed a 
100% match to the CT genotype variant L2c.

Lymph node tissue was cultured for 72 hour with mon-
olayers of cycloheximide-treated McCoy cells. Only for 
one specimen were very small CT inclusions detected 
by using MOMP specific monoclonal antibodies conju-
gated with fluorescein (Trinity Biotech, Ireland).

Microimmunofluorescence test was performed for 
detection of CT IgG, IgA and IgM specific antibodies 
(FOCUS Diagnostics, US). High IgG (1:1,024) and IgA 
(1:128) titres were detected with CT specific antibodies. 
However, no IgM antibodies were found.

Risk-behaviour and public health response
Our patient reported sex with two male partners four 
weeks preceding the diagnosis, both of whom he had 
met on the same day through a mobile phone app. This 
occurred on the northern Croatian islands. One part-
ner was a Croat, living in Germany, and the other a 
Slovenian, who had recently travelled to New York and 
to the coast of mid-western Africa. Our patient reported 
unprotected insertive anal and oral intercourse and no 
receptive anal intercourse, fisting or use of sex toys 
and no use of any drugs. He had no history of previous 
sexually transmitted infections (STI). The patient was 
counselled regarding prevention of other STI, including 
HIV and hepatitis C. Since the identity of contacts was 
not known, they could not be notified.

Information about the laboratory-confirmed LGV case 
in Slovenia was published in the last NIPH STI quarterly 
report. It was also included into the information about 
LGV in the ‘Questions and Answers’ format on the NIPH 
website as there have been no documented LGV cases 

in our country previously. Safer sex promotion, includ-
ing condom use promotion, as well as promotion of 
seeking healthcare when having signs and symptoms 
of any STI among men who have sex with men (MSM) 
has been ongoing within the framework of the National 
strategy for HIV prevention and control according to 
plans and allocated resources. Information about the 
case was also forwarded to the three key Slovenian 
MSM non-governmental organisations for possible dis-
semination through their communication channels.

Background
Lymphogranuloma venereum is caused by CT strains of 
serovars L1, L2 and L3. Since 2003 several European 
countries reported a series of LGV outbreaks among the 
population of MSM [3]. These cases mostly presented 
with proctitis, caused by L2b variant and the majority 
of these MSM were co-infected with HIV and other STI 
[1,3]. In 2010, a case of LGV in a MSM was detected 
in a central European country, the Czech Republic [4]. 
Together with Hungary, these are the only two central 
European countries that reported LGV cases to the 
European Centre for Prevention and Control of Disease 
(ECDC) by the end of 2013 [5]. The number of reported 
LGV cases to ECDC underestimate true LGV incidence, 
since many countries do not routinely report LGV cases 
and because genotyping, which is necessary to con-
firm cases, is not always available [5].

Discussion
The laboratory-confirmed LGV case reported here was 
different from the majority of LGV cases in Europe [3,5]. 
It occurred in a HIV-negative MSM who presented with 
inguinal lymphadenopathy and who was infected with 
CT genotype variant L2c. The infection proved diffi-
cult to treat with doxycycline according to the current 
European guidelines [1].

Indeed, in contrast to our case, the majority of LGV 
cases reported in Europe occur in HIV-positive individu-
als [3,5]. In 2013, information on HIV status was availa-
ble for 520 LGV cases (50%) reported to ECDC, of whom 
62% occurred in HIV-positive individuals and only 14% 
in HIV-negative (for 24% HIV status was unknown) [5].

Moreover, while most LGV cases among MSM in Europe 
present as severe proctitis our case presented as ingui-
nal lymphadenopathy [3].The diagnosis of LGV can eas-
ily be missed in the first stages of infection as well as 
with overt clinical signs, especially, if it is uncommon 
in a particular geographic area. Knowledge of high-risk 
sexual behaviours of a patient may be crucial for cor-
rect diagnosis. The differential diagnosis of inguinal 
lymphadenopathy must include LGV, particularly in 
MSM.

As opposed to our case where disease was caused by 
CT genotype variant L2c, most LGV cases among MSM 
in Europe are infected with CT serovar L2b [1]. Although 
cases of LGV caused by this new LGV L2c variant, that 
originates from a recombination of L2 and D strains of 
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CT, have been reported, they all clinically manifested 
as proctitis and not as inguinal lymphadenopathy [6,7].

In addition, our patient did not respond to treatment 
with doxycycline 100 mg bid for 21 days, according to 
the 2013 European guideline on the management of 
lymphogranuloma venereum [1]. Eventually, prolonged 
treatment with doxycycline (109 days), drainage of 
pus and extirpation of necrotic lymph nodes resulted 
in cure. Several studies have shown the failure of the 
recommended treatment regimen [8,9]. The new LGV 
variant L2c with inguinal clinical presentation might be 
more aggressive compared with the variant L2b, as it 
also was present in the anorectal region. Thus this may 
require a different treatment approach with extended 
doxycycline regimen or new antimicrobial options [7]. 
Revision of the current clinical guideline on the man-
agement of LGV, possibly distinguishing between the 
two variants, could be considered. 

In Slovenia the national guidelines for treatment of STIs 
follow the European STI treatment guidelines [10], yet 
taking into account the national particularities. Careful 
clinical and microbiological monitoring of future LGV 
cases within the network of STI outpatient services will 
be crucial in evaluating any need to change the current 
LGV treatment guidelines. Since in Slovenia clinicians 
treating MSM with signs and symptoms of possible 
LGV rarely demand confirmation of LGV infection even 
when CT has been confirmed in a clinical specimen, 
the occurrence of LGV among Slovenian MSM is most 
likely underestimated. Although there exists laboratory 
capacity to diagnose LGV, the Institute of Microbiology 
and Immunology, Faculty for Medicine, University of 
Ljubljana that performs the vast majority of STI tests in 
Slovenia, reported only five LGV test requests in 2015. 
In addition to the notification of the presented labora-
tory-confirmed LGV case in Slovenia, in 2015 the NIPH 
received also a notification of three suspected LGV 
cases that occurred in HIV-positive MSM, all presenting 
with clinical signs and symptoms consistent with LGV, 
including proctitis. Being managed at a private medi-
cal facility they did not wish the suggested microbio-
logical testing (in one case CT infection was confirmed) 
because this would incur additional expenses to them, 
therefore they opted for empirical treatment. Their 
symptoms resolved after administration of doxycycline 
100 mg bid for 21 days.

Enhanced awareness of LGV together with promoting 
national LGV testing might unveil a hidden LGV epi-
demic among MSM in Slovenia. The proposed diag-
nostic algorithm for any MSM presenting with clinical 
signs and symptoms suggesting a possible LGV and a 
laboratory-confirmed CT infection, includes LGV confir-
mation at any of the STI outpatient services. However, 
additional resources are required for its realisation. 
Similar approaches in other central European countries 
with no cases reported to ECDC up to date might unveil 
hidden LGV epidemics among MSM.
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To investigate the aetiology of the 2015 A(H1N1)pdm09 
influenza outbreak in India, 1,083 nasopharyngeal 
swabs from suspect patients were screened for influ-
enza A(H1N1)pdm09 in the state of Madhya Pradesh. 
Of 412 positive specimens, six were further character-
ised by phylogenetic analysis of haemagglutinin (HA) 
sequences revealing that they belonged to genogroup 
6B. A new mutation (E164G) was observed in HA2 of 
two sequences. Neuraminidase genes in two of 12 iso-
lates from fatal cases on prior oseltamivir treatment 
harboured the H275Y mutation. 

An epidemic of influenza A(H1N1)pdm09, affecting over 
39,000 persons and causing more than 2,500 deaths 
occurred in India in 2015 [1]. We show that genotype 6B 
strains forming two sub-lineages circulated during the 
outbreak. Comparison of the sequences of six outbreak 
strains recovered in this work, to other published geno-
type 6B sequences, also reveals a unique combination 
of previously-reported mutations in the haemaggluti-
nin (HA) gene. Two of the six sequences additionally 
display a E164G mutation in HA2, which has not been 
reported to date, moreover a N129D mutation in HA1 is 
observed for two sequences derived from patients with 
severe disease. Among strains analysed from 12 fatal 
cases on prior oseltamivir treatment, two harbour the 
H275Y mutation in the neuraminidase (NA) gene, which 
confers resistance to this antiviral. 

Description of the study

Sampling and testing for influenza A(H1N1)
pdm09
A total of 1,083 acute phase nasopharyngeal swab 
specimens from patients suspected of influenza (as 
prior defined [2]), were referred by 13 district health 
authorities of Madhya Pradesh, India between 29 
January and 7 May 2015. Upon specimen collection, 
the travel history, treatment status, and symptoms 
of the patients were recorded in addition to age, sex 

and place of residence. The samples were handled 
in a designated biosafety level (BSL) 3 laboratory 
and viral RNA was extracted using QIAamp viral RNA 
mini kit (Qiagen). The RNA samples were screened by 
World Health Organization (WHO)–Centers for Disease 
Control and Prevention (CDC) approved quantitative 
real-time reverse transcription-polymerase chain reac-
tion (qRT-PCR) for influenza A(H1N1)pdm09 [3]. 

Molecular analyses of the strains
Six clinical samples testing positive for influenza 
A(H1N1)pdm09 by qRT-PCR were selected based on 
patients’ disease severity category A (n=2; A/India/
DRDE_GWL897/2015 and A/India/DRDE GWL721/2015), 
B (n=2; A/India/DRDE_GWL703/2015, A/India/
DRDE_GWL989/2015), and C (n=2; A/India/DRDE 
GWL719/2015 and A/India/DRDE_GWL812/2015) as 
previously described [2], and used for direct nucleo-
tide (nt) sequencing of the haemagglutinin (HA) gene. 
A phylogenetic analysis was performed by compar-
ing with nt sequence of 45 globally diverse influenza 
A(H1N1)pdm09 viruses retrieved from GenBank (as 
further shown in the phylogenetic tree) and the Global 
Initiative on Sharing Avian Influenza Data (GISAID) 
(Table 1). The phylogenetic tree in this analysis was 
constructed with maximum likelihood and bootstrap 
analysis of 1,000 replicates using Mega 5.03 software 
[4]. Further the amino acid substitutions were marked 
at the major branches for better clarity. 

Influenza A(H1N1)pdm09 HA amino-acid sequences 
were inferred from the genetic sequences obtained in 
this study, and the protein structures were modelled 
using Modeller software and compared to prototype A/
California/07/2009 through Discovery studio client 4.1. 

The qRT-PCR positive samples from 12 fatal cases, all on 
prior oseltamivir therapy, were also tested for a muta-
tion (H275Y) conferring resistance to this antiviral by 
PCR–restriction fragment length polymorphism (RFLP) 
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Figure 1
Phylogenetic analysis of influenza A(H1N1)pdm09 viral sequences derived from an outbreak in India, 2015

Amino acid substitutions are depicted on the major branches at the nodes. Samples recovered in this study are underlined. GenBank 
accession numbers of sequences in the tree are: A/Bhopal/3500/2015 (KT426698); A/California/80/2015 (KT836680); A/Delaware/39/2015 
(KT836926); A/Delhi/086/2013 (KP317290); A/Florida/47/2015 (KT836928); A/Haryana/081/2013 (KP317285); A/Hawaii/3740/2014 
(CY187658); A/India/DRDE_GWL703/2015 (KT867221); A/India/DRDE_GWL719/2015 (KT867219); A/India/DRDE_GWL721/2015 (KT867223); 
A/India/DRDE_GWL812/2015 (KT867224); A/India/DRDE_GWL897/2015 (KT867220); A/India/DRDE_GWL989/2015 (KT867222); A/India/
GWL-13/2013 (KF683625); A/Indore/2683/2013 (KF886296); A/Iowa/01/2015 (KT836709); A/Moscow-Oblast/crie--08/2013 (KF013860); 
A/Ontario/02/2014 (KP864396); A/Ontario/034/2013 (KF886365); A/Ujjain/5448/2015 (KT369727); A/Washington/19/2015 (KT836815); 
A/Wisconsin/14/2012 (KC891394); A_Assam_2590_2010 (JN600357); A_Hyd_NIV51_2009 (GU292350); A_India_DRDE_GWL02_2011 
(JQ319657); A_Pune_NIV6196_2009 (GU292352); A_Shanghai_143T_2009 (GQ411907).
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analysis of the NA gene [5]. Of these 12 cases, one (with 
corresponding sample: A/India/DRDE GWL719/2015) 
also belonged to the group of six patients, from whom 
the HA gene was sequenced. The PCR–RFLP positive 
samples were further confirmed through nt sequencing 
of the target sites of the NA gene.

Results of screening for influenza A(H1N1)
pdm09
A total of 1,083 patients, including 525 males, were 
screened for influenza A(H1N1)pdm09 by qRT-PCR. 
The age range of these patients varied from 0 to 90 
years-old, with age groups between 21 and 30 year-old 
(n=284) as well as between 31 and 40 year-old (n=179) 
representing 26% and 17% of the total respectively 
(Table 2). Of the 1,083 clinical samples tested, 412 
(38%) were found positive for influenza A(H1N1)pdm09 
virus. Similar to patients screened, most of those test-
ing positive were from young age groups, with 21 to 30 
years-old (n=104; 25%) representing the majority, fol-
lowed by 31 to 40 year-olds (n=69; 17%). The positivity 
rate among the different age groups varied from 25 to 
59% (Table 2). The female to male sex ratio of PCR posi-
tive patients was found to be 1.20:1.

The clinical features of PCR confirmed patients revealed 
presence of cough (n=378; 92%), fever >38°C (n=350; 
85%), sore throat (n=331; 80%), shortness of breath 
(n=271; 66%) and catarrh (n=253; 61%). 

Molecular characteristics of outbreak strains
HA sequences from six samples of influenza A(H1N1)
pdm09-positive patients in this study were recovered 
and deposited in National Center for Biotechnology 
Information (NCBI)-GenBank under the accession 
numbers KT867219, KT867220, KT867221, KT867222, 
KT867223 and KT867224. The HA open reading frame 
was found to be 1,701 nt in length.

Phylogenetic analysis of the six sequences, together 
with geographically diverse global influenza A(H1N1)
pdm09 viral sequences, including sequences recov-
ered in India in previous years, revealed that the six 
sequences clustered with genogroup 6B sequences. 
Sequences from India in 2014 also belonged to this 
genogroup (e.g. A/India/159/2014, A/India/6427/2014 
and A/India/5964/2014). Moreover, within this geno-
group, two distinct lineages could be observed (Figure 
1). 

Four study sequences (A/India/DRDE GWL703/2015, A/
India/DRDE GWL721/2015, A/India/DRDE GWL897/2015 
and A/India/DRDE GWL989/2015), which were derived 
from patients with disease severity categorised as A 
and B, were found grouped into one lineage (lineage 
1) of genogroup 6B. Lineage 1 additionally included 
some Indian sequences (A/India/159/2014 and A/
India/6427/2014) from 2014. The two remainder 
study sequences (A/India/DRDE GWL719/2015 and A/
India/DRDE GWL812/2015), both originating from cat-
egory C patients, segregated into the other genogroup 
6B lineage (lineage 2). A 2014 Indian sequence (A/
India/5964/2014) also belonged to lineage 2. The two 
lineages differed by an amino acid substitution at posi-
tion 84 in HA1, whereby lineage 1 sequences had an N 
and lineage 2 sequences an S. 

No clear difference was observed between 2015 
and 2014 Indian sequences included in the analy-
sis, except that 2015 strains in lineage 2 (A/India/
DRDE GWL719/2015 and A/India/DRDE GWL812/2015) 
encoded a N129D mutation in HA1 (HA1 numbering 
system). 

The comparative analysis of inferred peptide-sequences 
confirmed that the 2015 Indian viruses harboured the 
signature amino acid substitutions of genogroup 6B 
(D97N, K163Q, S185T, S203T, A256T and K283E) [6,7].

In addition to the six substitutions defining geno-
type 6B, all HA-sequenced viruses in this study pre-
sented five mutations compared to prototype A/
California/07/2009, namely, P83S, I321V in HA1, as 
well as E47K, S124N, and E172K in HA2 (Figure 2). 
Further to these total 11 mutations, N129D was found 
in HA1 sequences of two specimens (A/India/DRDE 
GWL719/2015 and A/India/DRDE GWL812/2015) from 
patients with severe disease (both category C includ-
ing one fatal case). Also, E164G was found in HA2 
of A/India/DRDE GWL721/2015 and A/India/DRDE 
GWL812/2015. 

Figure 2
Three-dimensional quaternary structure of trimeric 
haemaglutinin protein, identifying mutations compared to 
A/California/07/2009 in the proteins in this study, India, 
2015

In this structure two monomers are coloured green and red. In 
the third monomer, residues are coloured blue and amino acid 
residues differing from A/California/07/2009 are denoted as 
yellow spheres. The mutations are listed to the right of the 
molecule, along with the four structural regions that contain 
the mutations. Mutations characterising genogroup 6B are 
underlined.
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Table 1
Details of the A(H1N1)pdm09 sequences retrieved from the Global Initiative on Sharing Avian Influenza Data (GISAID)’s 
EpiFlu Database for complete haemagglutinin-gene-based phylogenetic analysis in this study

ID S Country Collection 
date Isolate name Originating laboratory Submitting laboratory Authors

EPI624748 HA Russian 
Federation 2015-Feb-26 A/St-Petersburg/122/2015 WHO National Influenza 

Centre Russian Federation
Crick Worldwide 
Influenza Centre –

EPI630634 HA Hong Kong 
(SAR) 2015-Jun-14 A/Hong Kong/12243/2015 Government Virus Unit Crick Worldwide 

Influenza Centre –

EPI630684 HA South Africa 2015-Jun-29 A/South Africa/R3723/2015
Sandringham, National 

Institute for Communicable 
Diseases

Crick Worldwide 
Influenza Centre –

EPI630652 HA Slovenia 2015-Mar-05 A/Slovenia/1314/15
Laboratory for Virology, 

National Institute of Public 
Health

Crick Worldwide 
Influenza Centre –

EPI624704 HA Russian 
Federation 2015-Mar-10 A/IIV-Moscow/93/2015 Ivanovsky Research Institute 

of Virology RAMS
Crick Worldwide 
Influenza Centre –

EPI589565 HA Jordan 2015-Mar-22 A/Jordan/20241/2015 Laboratory Directorate Crick Worldwide 
Influenza Centre –

EPI253705 HA Germany 2009-Jan-01 A/Bayern/69/2009 Robert-Koch-Institute Robert-Koch-Institute Biere, B; 
Schweiger, B

EPI278607 HA New Zealand 2010-Jul-12 A/Christchurch/16/2010 Canterbury Health Services

WHO Collaborating 
Centre for Reference 

and Research on 
Influenza

Deng, Y-M; 
Iannello, P; 
Caldwell, N; 
Leang, S-K; 

Komadina, N

EPI319590 HA Russian 
Federation 2011-Feb-28 A/Astrakhan/1/2011 WHO National Influenza 

Centre Russian Federation
National Institute for 

Medical Research –

EPI319527 HA Russian 
Federation 2011-Feb-14 A/St. Petersburg/27/2011 WHO National Influenza 

Centre Russian Federation
National Institute for 

Medical Research –

EPI416411 HA Norway 2013-Jan-02 A/Norway/120/2013 WHO National Influenza 
Centre

National Institute for 
Medical Research –

EPI390473 HA Hong Kong 
(SAR) 2012-May-21 A/Hong Kong/5659/2012 Government Virus Unit National Institute for 

Medical Research –

EPI326206 HA Hong Kong 
(SAR) 2011-Mar-29 A/Hong Kong/3934/2011 Government Virus Unit National Institute for 

Medical Research –

EPI466626 HA South Africa 2013-Jun-06 A/South Africa/3626/2013
Sandringham, National 

Institute for Communicable 
Diseases

National Institute for 
Medical Research –

EPI539474 HA Senegal 2014-Feb-05 A/Dakar/04/2014 Institut Pasteur de Dakar National Institute for 
Medical Research –

EPI417122 HA Senegal 2012-Dec-09 A/Dakar/20/2012 Institut Pasteur de Dakar National Institute for 
Medical Research –

EPI319447 HA Czech 
Republic 2011-Jan-18 A/Czech Republic/32/2011 National Institute of Public 

Health
National Institute for 

Medical Research –

EPI320141 HA Russian 
Federation 2011-Mar-14 A/St. Petersburg/100/2011 Russian Academy of Medical 

Sciences
Centers for Disease 

Control and Prevention –

EPI626148 HA Bangladesh 2015-May-04 A/Bangladesh/3003/2015

Institute of Epidemiology 
Disease Control and 
Research (IEDCR) & 

Bangladesh National 
Influenza Centre (NIC)

Centers for Disease 
Control and Prevention –

EPI626140 HA Bangladesh 2015-May-10 A/Bangladesh/01/2015

Institute of Epidemiology 
Disease Control and 
Research (IEDCR) & 

Bangladesh National 
Influenza Centre (NIC)

Centers for Disease 
Control and Prevention –

EPI176620 HA United 
States 2009-Apr-09 A/California/07/2009 Naval Health Research 

Center
Centers for Disease 

Control and Prevention –

EPI536832 HA India 2014-May-24 A/India/5964/2014 National Institute of Virology Centers for Disease 
Control and Prevention –

EPI537951 HA India 2014-Mar-06 A/India/6427/2014 National Institute of Virology Centers for Disease 
Control and Prevention –

EPI644248 HA India 2014-Feb-05 A/India/159/2014 (H1N1) National Centre for Disease 
Control

National Centre for 
Disease Control (NCDC) –

S: segment.
We acknowledge the authors, originating and submitting laboratories of the sequences from GISAID’s EpiFlu Database on which this research 

is based. All submitters of data may be contacted directly via the GISAID website www.gisaid.org.
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A thorough in silico analysis revealed that all of the 
11 mutations common to the 2015 Indian sequences 
studied here, have been reported in different strains 
of influenza A(H1N1)pdm09 virus isolated from vari-
ous parts of the world in the past [8-10]. However, to 
date, no single strain was reported to possess all these 
11 mutations together, except the Indian 2015 strains 
sequenced in this study. Moreover, the E164G mutation 
found in HA2 of A/India/DRDE GWL812 and A/India/
DRDE GWL721 has not previously been reported.

Modelling reveals that mutations are found in the head, 
stalk and tail region of HA protein but the majority were 
found in the head region which covers the major anti-
genic binding region. The HA2 E172K mutation showed 
distinct structural changes in the tail region compared 
to the influenza A(H1N1)pdm09 virus prototype [11]. 

Two influenza A(H1N1)pdm09 strains from 12 fatal 
cases were found to possess H275Y oseltamivir resist-
ance mutation. 

Discussion
Influenza A viruses have been responsible for four 
influenza pandemics in last century viz., Spanish influ-
enza (H1N1) in 1918, Asian influenza (H2N2) in 1957, 
Hong Kong influenza (H3N2) in 1968 and pandemic 
influenza (H1N1) in 2009, which was caused by influ-
enza A(H1N1)pdm09. During the 2009 pandemic period 
(2009–2010), India was affected with around 50,000 
cases and a case fatality of 6% [12]. After the end of 
the 2009 pandemic, the virus continued to circulate at 
low level in the population, and during the period from 
2011 to 2014 the circulation of the virus declined [13]. 
From January to May 2015 however, over 39,000 per-
sons in India were affected by a new epidemic of influ-
enza A(H1N1)pdm09, with more than 2,500 deaths [1]. 
The outbreak spread across 22 of the 29 states in the 
country, making it the largest since 2009. This sudden 

re-emergence and wide spread simultaneous report-
ing of influenza A(H1N1)pdm09 along with higher num-
ber of hospitalisations and deaths was a major public 
health concern. 

By further characterising the strains infecting patients 
positive for influenza A(H1N1)pdm09 through HA phy-
logeny, this study finds that sequences of genogroup 
6B were circulating during the 2015 epidemic. The 
genogroup 6B was found to evolve from a Russian 
isolate (A/Moscow-Oblast/CRIE-08/2013) and is since 
then circulating in many parts of the world. However, 
this is the first report from India regarding circulation 
of genogroup 6B, coinciding with a large scale out-
break [1]. 

Researchers from Massachusetts Institute of 
Technology (MIT) have recently reported muta-
tions D225N, and T200A in a 2014 Indian strain (A/
India/6427/2014, which also clusters with genogroup 
6B sequences in the phylogenetic tree Figure 1) making 
the virus more infectious [14]. Although we did not find 
these two mutations in our study, all the sequences 
that we characterised harboured five mutations (P83S, 
I321V in HA1, as well as E47K, S124N, and E172K in 
HA2), which although previously described, have not 
been reported in combination. Moreover, two isolates 
from patients with severe disease harboured a N129D 
mutation in HA1 and two isolates had a mutation in 
HA2, E164G, that has not been observed to date. These 
unique features of the viruses found here may have 
played a role in shaping the large scale epidemic with 
cases of severe disease. On the other hand, the 2015 
epidemic in India may be attributed to lack of immunity 
among an immune-naïve population. It is also note-
worthy that seasonal influenza vaccination is not very 
common in India. 

Some limitations of the study include that the samples 
were only tested for influenza A(H1N1)pdm09 virus, 
whereby only 38% of samples tested were positive. 
Therefore, co-circulation of other influenza subtypes or 
types could not be ruled out. Moreover the sequence 
analysis was conducted with only few positive samples 
that did not cover other gene segments than the HA 
and NA genes.

The influenza A(H1N1)pdm09 virus represents a quad-
ruple reassortment of two swine, one human, and one 
avian strain of influenza virus [15]. The largest pro-
portion of genes comes from swine influenza viruses 
(30.6% from North American swine strains, 17.5% from 
Eurasian swine strains), followed by North American 
avian strains (34.4%) and human influenza strains 
(17.5%). It will be interesting to investigate the involve-
ment of any gene reassortment in the 2015 outbreak in 
India through complete genome sequencing.

Two of 12 strains from fatal cases were found to har-
bour a mutation conferring resistance to oseltami-
vir. Learning more about the 2015 strains circulating 

Table 2
Age distribution of persons with confirmed influenza 
A(H1N1)pdm09 positive samples, Madhya Pradesh, India, 
29 January–7 May 2015 (n=412)

Age group in years Positivity rates 
n/N (%)a

0–5 31/92 (34)
6–10 13/30 (43)
11–20 44/111 (40)
21–30 104/284 (37)
31–40 69/179 (38)
41–50 56/150 (37)
51–60 48/134 (36)
61–70 27/69 (39)
71–90 20/34 (59)

a Where in each age group, n is the number of positive samples and 
N the total number of samples screened and the percentage is 
the positivity rate.
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in India could help public health officials determine 
treatment options and inform on vaccines for the next 
influenza season, which is likely to include currently 
circulating strains [16]. 

Our findings show the importance of systematic molec-
ular surveillance to provide insight into strains circulat-
ing during influenza epidemics. 
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Meningococcal serogroup C (MenC) vaccination of men 
who have sex with men (MSM) was temporarily recom-
mended to control an outbreak of invasive MenC dis-
ease among MSM in Berlin in 2012–2013. Vaccination 
was offered to HIV-infected MSM free of charge; others 
had to request reimbursement or pay out of pocket. We 
aimed to assess (i) awareness and acceptance of this 
recommendation through an online survey of MSM, 
(ii) implementation through a survey of primary care 
physicians and analysis of vaccine prescriptions, and 
(iii) impact through analysis of notified cases. Among 
online survey respondents, 60% were aware of the rec-
ommendation. Of these, 39% had obtained vaccination 
(70% of HIV-infected, 13% of HIV-negative/non-tested 
MSM). Awareness of recommendation and vaccina-
tion were positively associated with HIV infection, 
primary care physicians’ awareness of respondents’ 
sexual orientation, and exposure to multiple informa-
tion sources. Most (26/30) physicians informed clients 
about the recommendation. Physicians considered 
concerns regarding reimbursement, vaccine safety 
and lack of perceived disease risk as primary barriers. 
After the recommendation, no further outbreak-related 
cases occurred. To reach and motivate target groups, 
communication of a new outbreak-related vaccination 
recommendation should address potential concerns 
through as many information channels as possible and 
direct reimbursement of costs should be enabled.

Introduction
Neisseria meningitidis (Nm) is a gram-negative diplo-
coccus that commonly colonises the human pharynx 
and respiratory tract [1]. Nm can sometimes cause 

invasive meningococcal disease (IMD), presenting as 
meningitis and/or sepsis. Thus far, 13 serogroups have 
been identified; of these A, B, C, W, X and Y cause vir-
tually all IMD [2]. Similar to other European and North 
American countries [3], serogroup B, followed by C, 
predominate in Germany, with IMD incidence showing a 
decreasing trend, from 0.95 cases/100,000 inhabitants 
in 2001 to 0.45/100,000 in 2011 [4]. Overall case fatal-
ity from 2009 to 2011 was 7.8%, significantly higher for 
meningococcal C (MenC) (10.9%) than for meningococ-
cal B (MenB) disease (7.6%). Incidence was highest in 
infants (8.1 cases/100,000 inhabitants) and toddlers 
(4.8), with a second, smaller peak in 15-19 year-old 
adolescents (2.0) [4].

The overall prevalence of nasopharyngeal meningococ-
cal carriage is about 10%, but varies markedly in dif-
ferent age and population groups [5-8]. Very high Nm 
carriage rates of over 40% have been reported in men 
who have sex with men (MSM) [9-10], and one study 
reported higher carriage rates in MSM (23.8%) than in 
heterosexual men (11.6%) [11]. Further known risk fac-
tors for meningococcal disease, such as exposure to 
tobacco smoke and crowding [12, 13], may also be more 
prevalent in venues where MSM meet. Since 2001, IMD 
clusters in MSM have been reported in Toronto (2001) 
[14], Chicago (2003) [15] and New York City (2010–2013) 
[16-17]. All outbreaks were caused by MenC and were 
of the multilocus sequence type (MLST) 11 (ST-11) [18]. 
The outbreaks in Toronto and Chicago (six cases each) 
ended rapidly after carrying out targeted MenC vac-
cination campaigns in the gay communities affected. 
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However, the New York outbreak (22 cases) was more 
protracted despite intensive efforts to vaccinate MSM.

From October 2012 to May 2013, five IMD cases in MSM 
living in Berlin were notified to local health authorities 
(LHA). The patients were between 22 and 28 years old; 
none were HIV-positive. All cases were caused by MenC 
strains belonging to ST-11 of the fine type PorA(P)1.5-
1,10-8:FetA(F)3-6 [19]. In addition, four of the five 
strains from these patients had fHbp allele 766, that 
had not been described previously. All five cases pre-
sented with severe sepsis; four died. Only two of the 
cases had a definite epidemiological link, having spent 
a night together shortly before illness onset [19]. In 
this time period MenC clusters among MSM were also 
reported from New York, Los Angeles and Paris and a 
single case from Belgium. All European strains showed 
similar characteristics [20].

It has been estimated that 80,000 MSM (95%CI 
74,000–104,000) aged 20–59 years live in Berlin [21-
22]. Among these, an estimated 10,800 MSM had 
been diagnosed with HIV as of the end of 2013 [22]. 
Assuming the age distribution among MSM is similar 
to that of men in the general population, an estimated 
18,000 MSM aged 20–29 years live in Berlin, among 

whom four MenC IMD cases occurred in the first half 
of 2013. The resulting incidence of 11 cases/100,000 
inhabitants [23] was markedly higher than the nation-
wide incidence of 0.7/100,000 in 20–29 year old men 
in 2012 [24].

Prevention of IMD with meningococcal conjugate vac-
cines is highly effective [25]. In Germany, MenC vacci-
nation was recommended for all one year-old children 
in 2006; older children can obtain the vaccine on an 
individual basis free-of-charge. Vaccination cover-
age of adolescents increased gradually, reaching 59% 
among 15-17 year-olds in 2013 based on statutory 
health insurance (SHI) claims data (Thorsten Rieck, 
personal communication, January 2015). In addition, 
vaccination against serogroups ACWY (MenACWY) is 
recommended for persons with congenital or acquired 
immunodeficiencies with residual T- and/or B-cell func-
tion, especially complement/properdin deficiencies, 
hypogammaglobulinaemia, and asplenia. While HIV 
infection is not explicitly listed, it is considered to be 
an indication for meningoccal vaccination under this 
rubric. Quadrivalent meningococcal vaccination is also 
recommended for travellers to endemic areas. Finally, 
vaccination is recommended to control regional IMD 
outbreaks when three or more cases of an identical 

Figure 1
Number of men who have sex with men reached by various information sources and vaccination status after meningococcal 
serogroup C vaccination recommendation, Berlin, November 2013–January 2014
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serogroup occur in a specific age group in a particu-
lar region within three months in conjunction with an 
attack rate of 10 or more cases per 100,000 inhabitants 
in the respective population [26].

Thus, in response to this outbreak, the competent 
authorities of the federal state of Berlin recommended 
meningococcal vaccination for all MSM with a vaccine 
licensed for adults to protect against serogroup C as of 
27 July 2013, following advice from the Berlin Advisory 
Board for Immunisation and announced in a press 
release on 18 July 2013 [27]. Female partners of MSM 
were not targeted in this recommendation. The rec-
ommendation was to remain in effect until 31 January 

2014, but was subsequently extended to 31 December 
2014, pending an evaluation of its impact. The recom-
mendation did not entail reimbursement of the vaccine 
by SHI. However, most insurance companies adopted 
a policy of individual evaluation and reimbursement 
upon request. The gay community and physicians were 
informed via internet forums as well as by radio, TV and 
the print media. The recommendation was promoted in 
counselling centres of the gay and lesbian community 
in Berlin, by the German and Berlin AIDS service organ-
isations (DAH and BAH, respectively), the AIDS working 
group of practicing physicians in Berlin (AK AIDS), the 
German association of practising physicians treating 

Figure 2
Number of prescribed doses of quadrivalent meningococcal serogroups ACWY conjugate vaccines according to quarter and 
federal state, Germany, 1 January 2012–30 June 2014
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HIV-infected patients (DAGNÄ) and via regional and 
national gay Internet portals.
Our goal was to evaluate the awareness and imple-
mentation of the temporary MenC vaccination recom-
mendation for MSM in Berlin by surveying MSM and 
physicians. In addition, we analysed IMD cases notified 
in Berlin after implementation of the recommendation, 
including the molecular epidemiology of MenC cases, 
to confirm that the outbreak had been interrupted.

Methods

Internet-based survey among men who have sex 
with men
Starting in the late 1980s, anonymous knowledge, 
attitude and behaviour (KAB) surveys on HIV/AIDS 
were conducted every two to four years among MSM in 
Germany [28]; from 2007 onwards these were carried 
out online exclusively. Questions on the Berlin vacci-
nation recommendation were included in the nation-
wide survey made available online from November 
2013 until mid-January 2014. Participants living in 
Berlin were asked how they obtained information on 
the MenC vaccination campaign and whether they 
obtained vaccination. They were recruited by personal-
ised instant messages and banners on social network-
ing and dating websites for MSM. Two multivariable 
logistic regression models were constructed to ana-
lyse factors potentially associated with awareness of 
the recommendation and with MenC vaccine uptake, 
respectively. The following factors were investigated: 
demographic and behavioural characteristics such 
as age, educational status, income, reported sexual 
orientation, openness regarding sexual orientation 
towards colleagues and their physician, affinity to gay 
subculture (visiting gay venues), information seeking 
pertaining to HIV, HIV testing, and HIV status, number 
of sexual partners in the previous year, and sources 
used to obtain information on the Berlin vaccination 

recommendation. Respondents who reported MenC 
vaccination before the recommendation was issued 
were excluded from this analysis.

The online survey protocol was evaluated and approved 
by the ethical review board of the Charité University 
Clinic in Berlin (EA1/266/13).

Prescription of meningococcal conjugate 
vaccines
The number of monovalent MenC or quadrivalent 
MenACWY conjugate vaccine doses prescribed within 
SHI from July 2013 to March 2014 was analysed based 
on data from Insight Health (http.//insight-health.
de/). This database contains data from pharmaceuti-
cal data-processing centres on all directly reimbursed 
prescriptions for > 99% of persons insured by SHI (85% 
of the population) in Germany. However, data on recipi-
ents’ age and sex are not available. SHI reimburses 
all prescriptions for vaccinations recommended by the 
German Standing Committee for Vaccination (STIKO). 
Thus, prescriptions for meningococcal vaccination of 
people living with HIV (PLWHIV) were included in the 
Insight Health database, since vaccination was already 
recommended by STIKO for this group before the out-
break. However, meningococcal vaccination for non-
HIV-infected, otherwise-healthy MSM living in Berlin 
as recommended by the Berlin authorities was not 
covered directly by SHI and thus not registered in this 
database. Rather, patients had to fill individual private 
prescriptions that SHI reimbursed on a voluntary basis.

Survey of primary care physicians
In February 2014 we conducted a cross-sectional sur-
vey among privately practicing physicians belong-
ing to AK AIDS, who represent almost all primary HIV 
care providers and are known as MSM-friendly. We 
assumed that most MSM would seek vaccination from 
one of these practices, which covered a range of rel-
evant medical specialties. The study was presented in 
January 2014 at the AK AIDS working group meeting to 
motivate members to participate. Since most members 
worked in group practices, we conducted the survey 
per practice. We used a written anonymous question-
naire eliciting participants’ demographics (age, sex, 
physician specialty, location and type of practice), the 
number of MSM clients and HIV-infected patients in 
the practice population, information channels used to 
inform patients, vaccination practices in general and 
MenC vaccination practices in particular, including 
type of vaccine used, possible obstacles to immunisa-
tion and vaccine uptake by MSM. After pre-testing, the 
questionnaire was distributed on 14 January 2014 to all 
45 practices, with a total of about 70 practicing phy-
sicians. Returned questionnaires were entered elec-
tronically using Microsoft Excel 2010. We conducted a 
descriptive analysis, including calculation of propor-
tions and 95% confidence intervals (CI).

Figure 3
Vaccination coverage for meningococcal serogroups C and 
ACWY vaccination as estimated by physicians at the time 
of the survey in participating practices for men who have 
sex with men without HIV-infection and HIV-infected 
patients
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Surveillance of invasive meningococcal disease 
cases in men who have sex with men after 
meningococcal C vaccine recommendation
In Germany, surveillance of IMD is based on statutory 
notification by physicians and laboratories to LHAs 
[29]. LHAs transmit laboratory-confirmed and epidemi-
ologically linked IMD cases to the Robert Koch Institute 
(RKI) via the federal state authorities according to a 
standardised case definition. These data are routinely 
matched to data of invasive meningococcal strains that 
undergo molecular genetic typing at the national ref-
erence laboratory for meningococci and Haemophilus 
influenzae (NRLMHi) as described previously [30]. 
During the outbreak, all LHA in Berlin were requested 
to elicit sexual orientation of IMD cases in men which 
is otherwise not routinely done. Ethical approval was 
not necessary since according to the Protection against 
Infection Act, local health authorities are authorised to 
request information on any risk factors relevant to out-
break control in patients and forward this information 
anonymously to the Robert Koch Institute. Possible 
outbreak-related cases were defined as follows: All 
MenC IMD in MSM aged 20-49 years, living in Berlin 
with illness onset from 1 July 2013 to 31 August 2014.

Results

Internet-based survey among men who have sex 
with men
MenC-related questions were answered by 1,471 online 
survey participants. Of these, 42 (2.9%) reported MenC 
vaccination before the recommendation was published 
and were excluded from further analysis, leaving a 
study sample of 1,429 men.

The median age of respondents was 40 years (range: 
16–78 years); 72% had at least a high school diploma. 
The majority (78%) reported exclusively male sexual 
partners in the previous 12 months, but only 37% 
reported regularly visiting gay venues. About half 
(52%) stated that they were single, 44% reported hav-
ing a steady male partner, and 4% a steady female part-
ner. Most (81.5%) had been tested for HIV at least once; 
among those tested (n = 1,199), 23% were HIV-positive. 
Table 1 presents demographic, behavioural and infor-
mation-seeking characteristics stratified according to 
awareness of the recommendation and vaccine uptake.

Of all participants, 852 (59.6%) were aware of the 
recommendation and 333 (23.3%) obtained MenC 
vaccination. Positive HIV status, the primary health-
care provider being aware of the respondent’s sexual 
orientation, having received information about the 
recommendation from a larger number of different 
information channels, higher educational level, and 
>  10 sexual partners in the past year were indepen-
dently associated with both awareness of the rec-
ommendation and obtaining vaccination (Table 2). 
Frequent visits to gay venues were also significantly 
associated with awareness, while men who reported 
having mainly female partners were less likely to have 

heard of the recommendation (Table 2). Over two-thirds 
(69.6% (183/263) of HIV-infected MSM, but only 12.9% 
(150/1,166) of non-tested or HIV-negative participants 
reported obtaining MenC vaccination.

MSM whose physicians personally recommended 
MenC vaccination during a healthcare visit had the 
highest vaccine uptake, followed by those who learned 
of the recommendation through HIV/AIDS informa-
tion and support organisations. However, only 18.8% 
(268/1,429) of all survey participants and 31.5% of 
survey participants aware of the vaccination recom-
mendation (268/852) were exposed to these sources. 
The highest number of MSM was reached through MSM 
online and print media, followed by general print and 
broadcast media, but vaccine uptake among these 
MSM was lower (Figure 1).

Prescription of meningococcal conjugate 
vaccines
From Q1 2012 to Q2 2014, the number of monova-
lent conjugate MenC vaccine doses (Menjugate Kit, 
NeisVac-C and Meningitec) prescribed and directly 
reimbursed by SHI fluctuated between 159,000 and 
213,000, with peak values in Q3 2012 as well as Q3 
2013 in all federal states and the lowest number in 
Q1 2013. In contrast, the number of prescribed and 
directly reimbursed doses of quadrivalent conjugate 
ACWY vaccines (Nimenrix and Menveo) increased 
markedly in Q3 of 2013 (Figure 2). By far the largest 
increase (ca 37-fold, from a mean of 159 doses per 
quarter in Q1 2012 to Q2 2013 to 6,001 in Q3 2013) was 
seen in Berlin, but increases were also seen in other 
states. Thereafter, the number of prescriptions for 
MenACWY vaccines decreased rapidly, but remained 
two- to three-fold higher in most federal states than 
prior to Q3 2013. In Berlin, 7,798 doses of quadrivalent 
vaccine were prescribed in Q3 2013 to Q2 2014, com-
pared with 635 expected doses based on the mean of 
159 per quarter in Q1 2012 to Q2 2013. If we assume 
the 7,163 excess doses were mainly used to vaccinate 
MSM known to be HIV-positive, this implies up to 66% 
of the estimated 10,800 MSM with HIV diagnoses living 
in Berlin received meningococcal vaccination.

Survey of primary care physicians
Of 45 distributed questionnaires, 30 (66.7%) were 
returned completed. The respondents’ median age was 
50 years (range: 41–64 years), 22 were male and six 
female. The two most common disciplines of the sur-
veyed practices were family (n=12) and internal medi-
cine (n=13), followed by dermatology (n=4). This was 
similar to the distribution of disciplines among all con-
tacted practices. Of responding physicians, 22 worked 
in group practices and eight in solo practices. Practice 
size was highly variable, and thus also the number of 
patients with an existing or new indication for MenC 
vaccination. Based on the participants’ estimates, an 
average of 480 HIV-infected patients (median: 425; 
range 1–2,000) and 530 MSM without HIV-infection 
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(median: 200; range 1-3,000) attended each practice 
annually.
As summarised in table 3, surveyed physicians learned 
of the vaccination recommendation most frequently 
through the Berlin Senate press release (n=30) or 
HIV-specific medical networks (n=14). Of the 30 prac-
tices, 26 actively informed their patients about the 
new MenC vaccination recommendation, usually dur-
ing routine consultations. Before the recommendation 
was issued, 20 practices regularly vaccinated certain 
patient groups against MenC. International travel was 
the most common indication (19/20), with only 5/20 
reporting HIV-related immunodeficiency as being an 
indication.

Responding physicians estimated MenC vaccine uptake 
to be markedly higher among HIV-infected patients 
than HIV-non-infected patients in February 2014, ca 6 
months after implementation of the recommendation 
(Figure 3). They administered quadrivalent MenACWY 
vaccine almost exclusively (28/29) rather than a mon-
ovalent vaccine. Twenty-two practices reported that 
MSM patients sometimes declined MenC vaccination 
despite the recommendation, most commonly due to 
a lack of perceived risk, a negative attitude towards 
vaccination, or fear of side effects (Table 3). Half the 
responding physicians believed that concerns regard-
ing reimbursement of vaccination costs by SHI led to 
refusal of the recommended vaccination in approxi-
mately onethird of eligible patients in these practices.

Table 1
Demographic and behavioural characteristics of Internet survey respondents resident in Berlin stratified according to 
awareness of vaccine recommendation and vaccine uptake, November 2013–January 2014 (n=1,429)

Unaware of 
campaign  

n=577

Aware, not 
vaccinated  

n=519

Aware, 
vaccinated  

n=333

Row 
totals 

N = 
1,429

Pearson’s 
chi-squared 

test

n % n % n %

Age group (years old)
<25 89 15.4% 68 13.1% 14 4.2% 171

<0.001
≥25 488 84.6% 451 86.9% 319 95.8% 1,258

Education
<High school diploma 176 31.2% 131 25.5% 84 25.7% 391

0.075
≥High school diploma 389 68.8% 382 74.5% 243 74.3% 1,014

Monthly income
<€1,000 125 23.2% 89 18.2% 56 17.7% 270

0.062
≥€1,000 413 76.8% 401 81.8% 260 82.3% 1,074

Openness regarding 
sexual orientation towards 
co-workers

≥50% know 275 50.3% 369 73.8% 252 79.5% 896
<0.001

<50% know 272 49.7% 131 26.2% 65 20.5% 468

Openness regarding 
sexual orientation towards 
primary care provider

Is informed 211 36.6% 285 54.9% 294 88.3% 790
<0.001

Does not know/unsure 366 63.4% 234 45.1% 39 11.7% 639

Visiting gay venues
Infrequent 435 75.5% 212 34,2% 153 45.9% 894

<0.001
Frequent 141 24.5% 306 59.1% 180 54.1% 533

Sexual orientation
Exclusively male sex partners 401 69.5% 424 81.7% 291 87.4% 1,116

<0.001Predominantly male sex partners 101 17.5% 77 14.8% 41 12.3% 219
Predominantly female sex partners 75 13.0% 18 3.5% 1 0.3% 94

HIV test status

HIV-positive 38 6.7% 42 8.1% 183 55.0% 263

<0.001

HIV-negative 
recent test ≤12 months 216 37.4% 229 44.1% 112 33.6% 557

HIV negative 
test >12 months ago 152 26.3% 157 30.3% 29 8.7% 338

Never tested 171 29.6% 91 17.5% 9 2.7% 271

Number of information 
sources on MenC 
recommendation

None, unaware of vaccination 
recommendation 577 100.0% 0 0.0% 0 0.0%a 577

<0,0011–2 NA NA 342 66.3% 187 56.3% 529
3–4 NA NA 141 27.3% 99 29.8% 240
≥5 NA NA 33 6.4% 46 13.9% 79

Number of sexual partners 
in previous 12 months

≤1 159 27.9% 102 19.8% 32 9.7% 293

<0.001
2–5 221 38.8% 159 30.8% 64 19.3% 444

6–10 85 14.9% 96 18.6% 56 16.9% 237
>10 105 18.4% 159 30.8% 179 54.1% 443

MenC: meningococcal C; NA: not applicable.
a Men already vaccinated before the vaccination recommendation targeting men who have sex with men were excluded from this analysis



18 www.eurosurveillance.org

Invasive meningococcal disease cases in men 
who have sex with men after meningococcal C 
vaccine recommendation
No further outbreak-related cases occurred in Berlin 
from July 2013 to August 2014. Only four men with 
MenC IMD were notified in Berlin from July 2013 to 
August 2014, aged 37–48 years. None were MSM. 
While strains from two of these cases had the fine type 
P1.5-1,10-8:F3-6, the other two did not. None had fHbp 
allele 766. MenC incidence in 20–29-year old men in 
Berlin decreased from 1.58 cases/100,000 inhabit-
ants in the first half of 2013 (four cases) to none in the 
second half of 2013, and none in the first half of 2014. 
From 2008 to 2012, annual MenC incidence in this age 
group in Berlin ranged from 0 to 0.79 (1–2 cases/year). 
The outbreak strain with fHbp 766 was not identified in 
any female cases.

Discussion
We evaluated the implementation, acceptance and 
impact of a temporary MenC vaccination recommen-
dation issued in response to a MenC outbreak among 
MSM in Berlin in 2013. In the 13 months following 
endorsement of the recommendation, no further out-
break-related cases were reported among MSM. As LHA 
elicited sexual orientation of all reported IMD cases, it 
is unlikely that cases in MSM were missed. The recom-
mendation led to enhanced meningococcal vaccination 
activities among MSM, but primarily among those with 
an HIV diagnosis. It seems plausible that the targeted 
vaccination campaign reduced meningococcal trans-
mission in the population at risk. However, due to the 
rare and sporadic nature of IMD occurrence, it is pos-
sible that the outbreak would have also ended without 
enhanced vaccination activities.

Table 2
Results of two multivariable logistic regression models analysing factors associated with awareness of the vaccination 
recommendation and uptake of the MenC vaccine, Berlin, November 2013–January 2014

Factors 
Awareness of vaccination campaign (n=1,346) Vaccine uptake (n=786) 

Number of 
individuals OR 95% CI p Number of 

individuals OR 95% CI p

Primary care physician 
Unaware of patient’s sexual preference(s) 766 Ref. NA NA 542 Ref. NA NA
Aware of patient’s sexual preference(s) 580 2.1 1.6-2.8 <0.000 244 2.6 1.7–4.2 <0.000 
HIV status 
HIV-positive 257 Ref. NA NA 209 Ref. NA NA
HIV-negative ≤12 months 532 0.4 0.3-0.6 <0.000 316 0.1 0.1–0.2 <0.000 

HIV-negative >12 months 315 0.4 0.3-0.7 <0.000 172 0.1 0.03–
0.1 <0.000 

Never tested for HIV (status unknown) 242 0.3 0.2-0.4 <0.000 89 0.1 0.02–
0.1 <0.000 

Number of partners within past 12 months 
2–5 partners 410 Ref. NA NA 202 Ref. NA NA
≤1 partner 278 0.8 0.6–1.2 0.294 129 0.5 0.3–1.0 0.044 
6–10 partners 229 1.3 0.9–1.8 0.226 138 1.0 0.6–1.7 0.978
>10 partners 429 1.8 1.3–2.5 0.001 317 1.6 1.0–2.5 0.057 
Number of information sources on the vaccination campaign 
1–2 sources NA NA NA NA 482 Ref. NA NA
3–4 sources NA NA NA NA 226 1.3 0.9–1.9 0.214
≥5 sources NA NA NA NA 78 2.5 1.4–4.5 0.003 
Level of education 
≤Secondary school 376 Ref. NA NA 199 Ref. NA NA
≥High-school diploma 970 1.6 1.2–2.1 0.001 587 1.7 1.1–2.7 0.012 
MSM venues: infrequent or no visits 
Infrequent or no visits 837 Ref. NA NA 421 NS NS NS
Regular visits 509 1.7 1.3–2.2 <0.000 365 NS NS NS
Sexual partner(s) 
Male only 1,057 Ref. NA NA 665 NS NS NS
Majority male 201 0.8 0.6–1.1 0.138 104 NS NS NS
Majority female or female only 88 0.3 0.2–0.5 <0.000 17 NS NS NS

NA: not applicable; NS: not significant; OR: odds ratio; 95%CI: 95% confidence interval; Ref: reference group.
Factors excluded from the model as non-significant: income (≤ EUR1,000 /month vs > EUR 1,000/month); age (≤25 years-old vs >25 years-old).
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As IMD clusters in the MSM community seem to be a 
recurring problem [14-16,18], heightened awareness 
should be upheld during routine surveillance to ensure 
early detection of and response to outbreaks in this 
group. All IMD cases should be reported promptly to 
responsible LHA and sexual orientation elicited during 
epidemiological case investigation.

The results of the surveys among MSM and physicians 
and vaccine prescription data showed both directly 

and indirectly that targeting information to the rel-
evant groups was effective, reaching an estimated 
60% of MSM according to the internet-based survey. 
Preventive measures such as pneumococcal and influ-
enza vaccination were well established in the eve-
ryday practice of physician members of the working 
group on AIDS, likely facilitating the prompt response 
to the new recommendation. Almost all responding 
practices reported offering the recommended MenC 
vaccine during patient visits. The conditions for the 

Table 3
Survey results of physicians of the working group on AIDS regarding the temporary implementation of meningococcal 
serogroup C vaccine recommendation for men who have sex with men in Berlin Berlin, Germany, February 2014 (n=30)

Question n % 95% CI
How did you learn of the MenC vaccination recommendation for MSM in Berlin? (n=30) 
Press release by the Senate of Berlin 20 66.7 50.2–83.8
German association of practising physicians treating HIV-infected patients (DAGNÄ) 14 46.7 29.1–64.9
German AIDS service organisation (DAH) 10 33.3 16.2–49.8
Berlin AIDS service organisation (BAH) 9 30.0 13.6–46.4
From patients 6 20.0 7.9–38.1
Gay community counselling centres in Berlin 7 23.3 5.7–34.3
Gay community Internet portals 4 13.3 1.0–25.0
Have you informed your MSM patients of the temporary MenC vaccination recommendation? (n=30) 
Yes 26 86.7 75.0–99.9
No 4 23.3 1.0–25.0
If yes, how did you inform your patients? (n=26) 
During routine consultation 24 92.3 81.6–102.4
Information sheets and/or poster 7 26.9 9.9–44.1
Patient letter 3 11.5 -0.5–24.5
Did you regularly vaccinate certain groups of patients against meningococcal disease prior to the announcement of the recommendation? 
(n=29) 
Yes 20 69.0 52.2–85.8
No 9 31.0 14.2–47.8
What were the indications for vaccination against meningococcal disease?(n=20) 
Travel vaccination 19 95.0 95.4–104.6
HIV infection independent of a immunodeficiency 5 25.0 6.0–44.0
Immunodeficiency due to HIV infection 4 20.0 2.5–37.5
Routine childhood immunisation 3 15.0 -0.6–30.6
General immunisation of MSM 0 0.0 -
What vaccine did you use for the MenC vaccination? (n=29) 
Quadrivalent MenACWY conjugate vaccine 28 96.6 90.8–96.6
Monovalent MenC conjugate vaccine 1 3.4 -3.2–9.2
Did any patients decline the recommended MenC vaccination? (n=28) 
Yes 22 78.6 63.9–94.1
No 6 21.4 5.9–36.1
If yes, why? (n=22) 
Patient considered themselves to be not at risk 20 90.9 79.0–103.0
General refusal of vaccinations 17 77.3 59.4–94.6
Fear of side effects 16 72.7 54.4–91.6
Concerns that cost of vaccine would not be reimbursed 14 63.6 43.9–84.1
MenC disease not perceived as dangerous 8 36.4 15.9–56.1
Feared stigmatisation 4 18.2 1.9–34.1
Others advised against vaccination 4 18.2 1.9–34.1
Doubts about the effectiveness of the vaccine 3 13.6 -0.5–28.5

CI: confidence interval; MenC: meningococcal serogroup C; MSM: men who have sex with men.
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implementation of a new vaccination recommendation 
were particularly favourable in this network of compe-
tent and dedicated physicians with an interest in treat-
ment of HIV-infected patients. For MSM who did not 
routinely consult such practices, the situation might be 
different. Their doctors may not have offered meningo-
coccal vaccination due to a lower level of awareness 
of the recommendation. Nonetheless, estimated vac-
cination coverage according to participating physicians 
was similar to that based on analysis of prescription 
data and the online survey.

The majority of meningococcal vaccinations were 
administered to HIV-positive MSM, over two thirds of 
whom were vaccinated based on the internet survey 
and prescription data, versus only 13% of the HIV-
negative or untested internet survey participants. This 
may reflect less frequent physician contacts in the 
latter group. In addition, primary care providers also 
faced healthcare system- and patient-related barriers 
to vaccine delivery, including uncertainty regarding 
reimbursement of vaccination costs, fear of side effects 
and scepticism towards vaccination in general. Being 
required to at least indirectly reveal their sexual orien-
tation to SHI to receive reimbursement for MenC vac-
cination may have been a further barrier for patients. 
In future similar situations, it might be helpful to com-
municate more detailed information on vaccine safety 
and requirements for reimbursement during the initial 
promotion of the campaign. Convincing SHI companies 
to directly reimburse vaccination costs in the case of 
outbreak-related vaccination recommendations and/or 
to provide funding for anonymous and free community-
based vaccination sites would likely increase willing-
ness to receive vaccination in similar situations.

In agreement with other studies, our survey among 
MSM showed that personal advice from the physician 
is pivotal in influencing willingness to be vaccinated 
[31-32]. In this case of a vaccination recommendation 
being limited to MSM, the physicians’ recommenda-
tion had an even greater impact when the sexual ori-
entation of the patient was known, emphasising the 
importance of a trusting doctor-patient relationship. In 
addition, vaccination could be conveniently obtained at 
routine healthcare visits, at least in HIV-positive MSM. 
In the implementation of a preventive measure such 
as a vaccination campaign, it is a particular challenge 
to reach the population most at risk. Our results show 
that repeated information via different sources led to 
higher vaccination uptake, similar to the findings of 
Friedman et al. during a community-wide hepatitis A 
vaccination campaign [33]. Nonetheless, 40% of MSM 
who participated in the online survey were unaware of 
the campaign. These men tended to be less open about 
their sexual orientation, reported less risky sexual 
behavior and visited gay venues less often. It would 
still be important to reach this group for targeted pre-
vention measures, and for this, other channels of infor-
mation must be identified.

Despite the long-standing STIKO recommendation to 
vaccinate immunocompromised patients against IMD, 
the majority of HIV-positive online survey participants 
(96%) were not vaccinated prior to the Berlin MenC 
vaccination recommendation. Only 20% of physicians 
in the practice-based survey stated that HIV-related 
immunodeficiency was an indication for meningococcal 
vaccination prior to the recommendation. Rather, travel 
abroad was the most common indication for menin-
gococcal vaccination of MSM. The prescription data 
showed that MenC vaccine uptake increased in states 
other than Berlin as well. While this suggests that the 
Berlin MenC vaccination recommendation increased 
awareness for the pre-existing STIKO recommendation 
to immunise HIV-infected persons, more widespread 
education of physicians is required.

Our study has several limitations. Firstly, the impact 
of the vaccination campaign could only be determined 
indirectly through an observed decrease in the number 
of cases. Due to the sporadic nature of meningococ-
cal clusters, we cannot say definitively that no further 
cases would have occurred even without vaccination. 
Studies to investigate the direct impact of vaccination 
on circulation of the pathogen in the gay community 
would be extremely difficult to perform since coloni-
sation with MenC is very rare compared to other sero-
groups [5]. In addition, for population groups such as 
MSM it is impossible to determine the representative-
ness of an online sample. It is likely that MSM partici-
pants in the survey were more socially and sexually 
active, as well as more open about their sexual orien-
tation, than MSM who did not participate. Such MSM 
may be more easily reachable by a vaccination cam-
paign promoted through gay media [34-35]. However, 
the remarkable agreement in the estimated proportion 
of HIV-positive MSM vaccinated after the Berlin recom-
mendation based on the internet survey with prescrip-
tion data and physicians’ estimates suggests that at 
least HIV-positive MSM were well represented in the 
survey.

Conclusion
In conclusion, the vaccination campaign launched to 
control the IMD outbreak in Berlin achieved a marked 
increase in vaccination coverage in MSM with HIV. The 
much lower coverage achieved in non-tested or HIV-
negative MSM reflects known challenges of outbreak 
control in specific social groups such as MSM compared 
to in institutional settings [28]. Nonetheless, no further 
IMD cases occurred in MSM, and ongoing molecular 
genetic monitoring at the NRLMHi did not detect the 
outbreak strain in any IMD cases from Germany. A key 
finding of our study was that receiving information on 
the campaign from several sources increased vaccina-
tion uptake; thus widespread promotion of a new rec-
ommendation through all possible venues is crucial to 
reach target groups. Promotion of such a recommenda-
tion should also directly motivate persons in the tar-
get group to visit their physician and contact specific 
support groups, as these measures were associated 
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with the highest vaccine uptake. In particular, the 
long-standing and effective network of MSM-friendly 
physicians was crucial in implementing the vaccina-
tion campaign. Since lack of perceived risk for IMD 
and concerns regarding adverse vaccine effects were 
identified as important barriers to vaccination uptake, 
these issues should be more specifically addressed in 
future vaccination campaigns. Finally, in addition to 
direct reimbursement of physician-based vaccination, 
offering free and preferably anonymous vaccination 
at community-based vaccination sites might improve 
uptake, especially among those targeted persons who 
rarely consult a physician.
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In 2007, a European survey identified variation in 
country policies on public health management of inva-
sive meningococcal disease (IMD). In 2009–10, the 
European Centre for Disease Prevention and Control 
(ECDC) published evidence-based guidance on IMD. 
We therefore surveyed again European countries to 
describe policies for managing IMD cases and con-
tacts in 2013. We asked national IMD public health 
experts from 32 European countries to complete a 
questionnaire focusing on post-exposure prophylaxis 
(PEP) for IMD contacts and meningococcal vaccination. 
Proportions in 2007 and 2013 were compared using 
the chi-squared test. All 32 countries responded, with 
responses from two regions for Belgium and Italy; half 
stated having used ECDC guidance to update national 
recommendations. PEP was recommended to close 
contacts in 33 of 34 countries/regions, mainly cipro-
floxacin for adults (29/32 countries) and rifampicin for 
children (29/32 countries). ECDC guidance for manag-
ing IMD contacts in airplanes was strictly followed by 
five countries/regions. Twenty-three countries/regions 
participated in both surveys. Compared with 2007, in 
2013, more countries/regions recommended i) cef-
triaxone for children (15/23 vs 6/20; p = 0.03), ii) PEP 
for all children in the same preschool group (8/23 vs 
17/23; p = 0.02). More countries/regions recommended 
evidence-based measures for IMD public health man-
agement in 2013 than 2007. However, some discrepan-
cies remain and they call for further harmonisation.

Introduction
Invasive meningococcal disease (IMD) is associated 
with high case fatality (9% in 26 European countries 
in 2011 [1]) and substantial risk of long-term sequelae 

among survivors [2-4]. This explains the high level of 
concern associated with cases of IMD despite a low inci-
dence in Europe of under one case per 100,000 popula-
tion annually in the past decade [4,5]. Close contacts 
of IMD patients have a 200- to 1,200-fold increased 
risk of developing the disease [6-9]. Post-exposure 
prophylaxis (PEP) and, in case of a vaccine-preventa-
ble strain in the index case, vaccination of close con-
tacts, are evidence-based measures to reduce the risk 
of secondary IMD cases. However, while the former is 
based on direct evidence showing decreased incidence 
among household contacts if they receive PEP [10], 
the latter rests on indirect evidence only, consisting of 
the observed increased risk for IMD in household con-
tacts despite chemoprophylaxis during the 14 to 365 
days after contact with the index case [7,11]. A survey 
in 2007, performed by the public health management 
working group of the European Meningococcal Disease 
Society (EMGM), documented that recommendation of 
these and other public health control measures varied 
widely among European countries [12]. This heteroge-
neity was thought to reflect uncertainty on effective-
ness of public health measures, but also pragmatic, 
economic or legal constraints of policymakers in differ-
ent countries.

A consistent and evidence-based public health policy 
on the management of IMD cases and their contacts 
across Europe is desirable to facilitate communica-
tion among countries in case of cross border case 
management. Therefore, the EMGM working group 
developed evidence based guidance for good prac-
tice in public health management of sporadic cases of 
meningococcal disease and their contacts [10]. In 2010, 
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this document was adopted as European Centre for 
Disease Prevention and Control (ECDC) guidance [10]. 
In addition, in 2009–10, risk assessment guidelines 
for diseases transmitted on aircraft (RAGIDA) includ-
ing recommendations on the management of contacts 
to an IMD case were published by ECDC [13,14] (Box). 
The EMGM working group repeated the survey on IMD 
public health policies in 2013. Our objectives were to 
describe current public health policies for managing 
cases of meningococcal disease and their contacts in 
European countries, to track changes in national public 
health policies since 2007 and to assess to what extent 
measures outlined in the ECDC guidance were imple-
mented in the respective countries.

Methods
We conducted a cross-sectional study, addressing 
32 national IMD public health experts from all 28 
European Union (EU) Member States and four European 
Free Trade Association (EFTA) countries (Iceland, 
Liechtenstein, Norway, and Switzerland). Participants 
from national public health institutes were identi-
fied from the previous survey in 2007 and from mem-
ber lists of the ECDC Vaccine Preventable Diseases 
Network and EMGM. We invited potential participants 
via email to complete either a word or a web-based 
version (voozanoo by Epiconcept) of a structured ques-
tionnaire. The questionnaire comprised 40 questions 
and covered the following topics: clinical and labora-
tory diagnostic case definition criteria for confirmation 
of a case; the definition of a close contact for control 
measures; the use and choice of PEP for persons with 
contact to IMD cases in different settings; the use of 
meningococcal vaccines in routine schedules and after 
exposure to an IMD case; the perceived usefulness of 
the ECDC guidance document in updating national rec-
ommendations. The questionnaire was similar to the 
one used in 2007, but questions on criteria for defin-
ing cases and contacts and on policies for managing 
contacts in school and day care settings as well as 
in transport vehicles were expanded (questionnaire 
available from the authors upon request). Comparison 
of answers between 2007 and 2013 was restricted to 
countries participating in both surveys. Countries with 
missing data for a particular item were excluded when 
calculating proportions. Proportions were compared 
using chi-squared and Fisher’s exact tests. Differences 
were considered statistically significant at p < 0.05.

Results
All 32 countries responded to the 2013 survey. Two 
responses each were obtained from Belgium and Italy, 
reflecting sub-national policies. These were included 
as separate entities in the analysis, bringing the total 
number of respondents to 34. The following 23 of the 34 
countries/regions responded to both surveys: Austria, 
Belgium (Flanders and Wallonia), Czech Republic, 
Denmark, Estonia, Finland, France, Germany, Hungary, 
Iceland, Ireland, Lithuania, Malta, the Netherlands, 
Norway, Poland, Romania, Slovakia, Spain, Sweden, 
Switzerland, and the United Kingdom (UK).

Box
ECDC guidance on public health management of sporadic 
cases of invasive meningococcal diseasea and risk 
assessment of infectious diseases transmitted on aircraftb

 ECDC guidance

•	 Chemoprophylaxis with an antibiotic regimen that 
eradicates carriage is recommended for household 
contacts of a case of IMD. (Strong recommendation)

•	 Sharing drinks, cigarettes or similar contact (implying 
a low level of salivary contact) with a case of IMD is 
not in itself an indication for chemoprophylaxis. (Weak 
recommendation)

•	 Attending the same preschool as a case of IMD is an 
indication for chemoprophylaxis, depending on risk 
assessment. (Weak recommendation)

•	 Attending the same school/college (including the same 
class) as a case of IMD is not in itself an indication for 
chemoprophylaxis. (Weak recommendation)

•	 Sharing the same transport vehicle as a case of IMD is 
not, in itself, an indication for chemoprophylaxis. (Weak 
recommendation)

•	 Rifampicin, ciprofloxacin, ceftriaxone, azithromycin 
and cefixime can be advised for chemoprophylaxis. 
(Strong recommendation) Ciprofloxacin, azithromycin 
and ceftriaxone are preferred. (Weak recommendation) 
In children, all these antibiotics can be advised. (Strong 
recommendation) In pregnant women, ceftriaxone, 
azithromycin and cefixime can be advised. (Weak 
recommendation)

•	 If a case of meningococcal disease is caused by a strain 
that is preventable by an available licensed vaccine, 
an appropriate course of vaccination – in addition to 
chemoprophylaxis – is recommended for household 
contacts unless considered to be protected by previous 
vaccination. (Strong recommendation)

RAGIDA

•	 Besides fellow travellers who may be household (-like) 
contacts of an index case, passengers and crew with close 
contact to pharyngeal secretions should be considered for 
contact tracing.

•	 Close contacts of IMD cases should be traced if the index 
cases were travelling while infectious (seven days before 
the onset of symptoms; up to 24 hours after the onset of 
effective treatment).

ECDC: European Centre for Disease Prevention and Control; 
IMD: invasive meningococcal disease; RAGIDA: risk 
assessment of infectious diseases transmitted on aircraft.

a Source: [10].

b Source: [13,14].

Grading of Recommendations Assessment, Development and 
Evaluation (GRADE) [23] was used for ECDC guidance on public 
health management of IMD, but not in RAGIDA.
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Case definition criteria
There were only slight changes between 2007 and 2013 
for laboratory and other case definition criteria (Table 
1). The only case definition criterion for laboratory 
diagnosis used by all countries in 2013 was ‘isolation 
of Neisseria meningitidis from sterile site’, but a high 
proportion also used ‘isolation of meningococcal DNA 
from a sterile site’, ‘meningococcal antigen from CSF’ 
and ‘gram-negative diplococci from sterile site’.

Definition of close contacts
In 2013, 33 of 34 countries/regions recommended PEP 
to close contacts of an IMD case. This included all 23 
countries/regions that also participated in the 2007 
survey, when all respondents recommended PEP for 
close contacts after an IMD case (22/22; data miss-
ing for one country). However, the definition of close 
contact varied across countries/regions, with 11 of 34 
countries/regions including sharing cups and glasses 
with an index case and 23 of 34 kissing on the mouth 
(Table 2). The maximum period after contact with a 
case in which initiation of PEP was recommended var-
ied from seven days (n = 9/33) to one month (n = 5/33) 
(median 10 days; IQR 8–14).

Recommended chemoprophylaxis
Of the 33 countries/regions recommending PEP for 
close contacts of an IMD case in 2013, only one did 
not have specific guidelines on the choice of antibi-
otic for PEP. As in the 2007 survey, the most commonly 
recommended antibiotic in non-pregnant adults was 
ciprofloxacin (Table 3), most frequently administered 
as either 500 mg (26/29) or 750 mg (3/29), usually as 
a single dose (27/29), followed by rifampicin (usually 

as four 600 mg doses (26/27)). From 2007 to 2013, the 
proportion of countries/regions recommending use of 
ceftriaxone and azithromycin increased, but not sig-
nificantly (Table 3). In 2013, 29 of 34 countries/regions 
recommended PEP during pregnancy, most commonly 
intramuscular ceftriaxone (Table 3). One country addi-
tionally recommended cefixime in pregnancy and for 
children.

Most countries/regions recommended rifampicin as 
PEP for one year-old children both in 2007 and 2013 
(Table 3). Ciprofloxacin was recommended for this age 
in nine of 32 countries/regions in 2013 (starting from 
birth (4/9) or from one month (2/9) of age; the remain-
ing three countries did not specify a minimum age). In 
addition, two countries recommended ciprofloxacin in 
older children, one starting from the age of two and the 
other from the age of 14 years. The only statistically 
significant change from 2007 to 2013 was an increase 
in the proportion of countries/regions recommending 
ceftriaxone for one year-old children (Table 3).

A few countries/regions additionally recommended 
antibiotics not included in the guidance for various tar-
get groups, namely spiramycin (2/34), penicillin (4/34), 
cotrimoxazole (1/34) and ofloxacin (1/34).

Settings
In 2013, 32 of 34 countries/regions reported specific 
policies for PEP in preschool and school settings and 
33 of 34 in university settings. Twenty-two of 32 coun-
tries/regions recommended prophylaxis for all children 
sharing the same classroom following the occurrence of 
an IMD case in preschool. This increased significantly 

Table 1
Criteria for definition of IMD cases for the purpose of control measures in 2007 and 2013, European survey on public 
health policies for managing cases of meningococcal disease and their contacts, 2013 

Case definition criteria
Countries/regions applying 

criteria in 2013 (N = 34)

Countries/regions responding to both surveys 
and applying criteria  

2007 (N=23) and 2013 (N=23)
P value for 

comparison  
2007 vs 2013

n n (2007) n (2013)
Isolation of Neisseria meningitides from 
sterile site 34 22 23 1.000 

Isolation of meningococcal DNA from 
sterile site 32 20 22 0.608

Isolation of antigen from CSFa 32 19 21 0.665
Isolation of gram negative diplococci 
from sterile site 30 20 19 0.608

Detection of high titre in convalescent 
serum 2 6 2 0.243

Clinically compatible 21 16 13 0.542
Purpura fulminans 24 16 15 1.000
Official notification 15 12 9 0.554

CSF: cerebrospinal fluid; IMD: invasive meningococcal disease.
European Centre for Disease Prevention and Control (ECDC) or risk assessment guidelines for diseases transmitted on aircraft (RAGIDA) 

recommendations are highlighted in grey.
a This criterion differed slightly in the 2007 questionnaire: ‘Isolation of meningococcal antigen from sterile site’.
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Table 2
Criteria for definition of close contacts of IMD cases for the purpose of control measures in 2007 and 2013, European 
survey on public health policies for managing cases of meningococcal disease and their contacts, 2013

Definition of close 
contacts

Countries/regions applying 
criterion in 2013 (N = 34)

Countries/regions responding to both surveys and 
applying criterion in 

2007 (N=23) and 2013 (N=23)
P value for comparison  

2007 vs 2013
n n (2007) n (2013)

People sharing the 
same household 34 23 23 1.0 

People with 
equivalent level of 
close contact

30 22 22 1.0

Attending the same 
preschool facilitya 28 NA NA NA

Kissing on mouth 23 20 15 0.17
People sharing cups 
and glasses 11 9 5 0.34

Kissing on cheek 4 3 1 0.61
Period in which index patient is considered infectious 
7 days before onset 
of illness 21 14 14 1.0

10 days before 
onset of illness 10 7 8 1.0

ECDC: European Centre for Disease Prevention and Control; IMD: Invasive meningococcal disease; NA: not applicable; RAGIDA: Risk 
assessment guidelines for diseases transmitted on aircraft.

ECDC or RAGIDA recommendations are highlighted in grey.
a This criterion was not included in the 2007 questionnaire.

Table 3
Choice of post-exposure prophylaxis for contacts of IMD cases in different target groups, European survey on public health 
policies for managing cases of meningococcal disease and their contacts, 2013

Target group Antibiotic

Countries/regions 
recommending the antibiotic in 

2013 (N = 34)

Countries/regions responding to both surveys 
and recommending the antibiotic 

2007 (N=23) and 2013 (N=23)
P value for 

comparison  
2007 vs 2013

n n (2007) n (2013)

Adults 

Ciprofloxacin 29 20 21 1.0
Rifampicin 27 14 19 0.30

Ceftriaxone 22 13 15 0.76
Azithromycin 6 1 3 0.61

Children of one 
year of age 

Ciprofloxacin 9 5 7 0.75
Rifampicin 29 16 20 0.69

Ceftriaxone 21 6 15 0.03 
Azithromycin 6 3 4 1.0

Women in the 
first trimester 
of pregnancya 

Ciprofloxacin 2 0 2 0.49
Rifampicin 3 4 3 0.69

Ceftriaxone 25 12 18 0.21
Azithromycin 5 2 5 0.42

ECDC: European Centre for Disease Prevention and Control; IMD: invasive meningococcal disease; PEP: post-exposure prophylaxis.
a Number of countries that recommended specifically certain antibiotics for PEP in pregnancy in 2013: n = 27/34 (79%). In 2007 n = 18/23 vs 

n = 20/23 in 2013.
ECDC recommendations are highlighted in grey.
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from 2007 to 2013 in countries participating in both 
surveys (Table 4). In school and university settings, 
most countries/regions recommended PEP only to 
close contacts within the class (Table 4).

In 2013, 20 of 32 countries/regions recommended PEP 
to contacts after an IMD case on a plane either in gen-
eral or under specific circumstances (e.g. sitting next to 
the case, travel of a certain duration, overnight travel), 
a non-significant increase compared with 2007 (Table 
5). In 2013, of the 20 countries/regions that recom-
mended PEP after the occurrence of an IMD case on an 
aircraft, one implemented contact tracing for all pas-
sengers and 14 only for persons they considered eli-
gible for PEP (Table 5). Five countries strictly followed 
the criteria recommended by RAGIDA. Fifteen of 31 
countries/regions recommended PEP to contacts after 
an IMD case on a train or bus.

Vaccination
In 2007 eight of 23 countries recommended meningo-
coccal serogroup C vaccination in their national child-
hood vaccination programme, compared with 11 of 23 
in 2013. Of all respondents to the 2013 survey (n=34), 
18 countries/regions recommended serogroup C vacci-
nation in their routine schedule. Of these, five recom-
mended vaccination starting in the first six months of 
life and 13 at 12 months of age and older. Six countries/
regions recommended a booster dose for adolescents.

Vaccination of household contacts after the occur-
rence of an IMD case due to a vaccine-preventable 
serogroup was recommended by 24 of 34 countries/
regions in 2013. Among countries participating in both 
surveys, this increased slightly from 2007 (15/22) to 
2013 (17/22; p = 0.46). Of the 24 countries/regions rec-
ommending post-exposure vaccination in 2013, seven 
recommended this for close contacts after a serogroup 
C IMD case and 15 after an IMD case due to serogroups 
A, C, W or Y; serogroups were not specified by two 
countries. Countries/regions with meningococcal C 
vaccination in their childhood immunisation schedule 
were somewhat more likely to recommend post-expo-
sure vaccination (14/18) than countries/regions not 
having a routine childhood meningococcal vaccination 
policy (8/16, p = 0.15).

Perceived usefulness of ECDC guidance
Twenty-eight of 31 countries/regions found the ECDC 
guidance [12] document useful. Half (17/34) reported 
having used the ECDC guidance to update recommen-
dations in their country/region. The following topics 
were indicated as helpful: choice of medication for 
prophylaxis (4/17); management of contacts in trans-
port vehicles (4/17); increased emphasis on contact 
with pharyngeal secretions as a criterion for defining 
close contact (1/17); and criteria for laboratory diagno-
sis (1/17). Nine additional countries/regions stated they 
were planning to use the ECDC guidance document to 
update their country policy.

Cross border communication
In case of IMD occurring in a resident of another coun-
try, 28 of 32 countries/regions reported having a policy 
in place in 2013 for contacting the source country for 
contact tracing, if indicated. This was already the case 
for 19 out of 22 countries/regions in 2007. 

Discussion
Comparison of the results of the 2007 [12] and 2013 
surveys reveals increasing harmonisation of public 
health policies for the management of sporadic IMD 
cases and a relatively high level of adherence to evi-
dence-based guidance as published by ECDC in the 
period between the two surveys [10,13,14]. This applied 
to the two laboratory diagnostic case definition criteria 
considered to be gold standard [10], meningococcal 
culture and DNA isolation from a sterile site, and, in 
particular, to the choice of antibiotics for PEP and their 
use in preschools, elementary and secondary schools, 
and universities. Recommendations for the manage-
ment of contacts of an IMD case on transport vehicles 
remained heterogeneous, possibly reflecting the low 
level of evidence available in this area.

ECDC guidance [10,13,14] emphasises that exposure to 
respiratory droplets or pharyngeal secretions of a case 
is essential for the transmission of meningococcal dis-
ease. Thus, a casual social contact, even if involving 
sharing drinks or cigarettes, is not in itself an indica-
tion for PEP [10]. Although not statistically significant, 
fewer countries/regions considered such contacts 
to warrant a recommendation for PEP in 2007 than 
in 2013. In addition, ‘kissing on the mouth’ was also 
considered by fewer countries/regions in 2013 than in 
2007 to be a criterion for close contact. ECDC guidance 
states that exchange of pharyngeal secretions is likely 
to occur during intimate mouth-to-mouth kissing, which 
was found to be a risk factor for carriage or disease in 
observational studies [15-17]. However, a brief kiss on 
the mouth is unlikely to lead to significant exchange of 
pharyngeal secretions. Interpretation of our finding is 
difficult, as the wording of ‘kissing on the mouth’ was 
possibly interpreted to mean intimate mouth-to-mouth 
kissing by some, but not all countries/regions. Future 
surveys should define both types of kissing. In addi-
tion, we would like to stress that no contact indicator 
should be considered in isolation; rather, the overall 
contact history of each person must be evaluated to 
assess the likelihood of contact with pharyngeal secre-
tions of the index case.

As concluded in the ECDC guidance [10], none of the 
recommended regimens (rifampicin, ciprofloxacin, 
ceftriaxone, azithromycin and cefixime) can be con-
sidered superior in terms of effectiveness to eradicate 
meningococcal carriage [10,11]. However, ciprofloxa-
cin, azithromycin and ceftriaxone have the advantage 
of low reported rates of side effects and can be given 
as single dose, although the latter must be given intra-
muscularly [10]. Most countries/regions recommended 
ciprofloxacin and rifampicin, followed by ceftriaxone, 
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for adults. Despite rifampicin requiring four doses 
and being associated with the development of resist-
ance [11], most countries/regions still recommended it. 
Only four countries/regions specifically recommended 
single-dose ciprofloxacin or azithromycin and not 
rifampicin for adults.

Rifampicin was the antibiotic most commonly recom-
mended for children, followed by ceftriaxone, the rec-
ommendation for which significantly increased from 
2007 to 2013. Ciprofloxacin was recommended for PEP 
in children by nine of 32 countries/regions in 2013, 
with little change since 2007. Although ciprofloxacin is 
considered safe in children [10], reluctance to use this 
antibiotic is likely related to the warning of a theoreti-
cal risk of arthropathy in children in the product infor-
mation. In addition, ‘chemoprophylaxis of IMD’ is listed 
as an indication for adults, but not for children in the 
summary of product characteristics (SPC) for ciproflox-
acin [18]. In contrast, rifampicin is licensed for prophy-
laxis of meningococcal disease at all ages [10]. While 
ceftriaxone is not explicitly licensed for meningococcal 
prophylaxis, it is widely used for treatment of IMD.

We are not aware that meningococcal prophylaxis is 
included as an indication in the SPC of the other anti-
biotics for which there is evidence that they eradicate 
meningococcal carriage (azithromycin, cefixime). This, 
together with a lower level of evidence for the use of 
these antibiotics for prophylaxis, likely explains why 
only few countries/regions recommended these at 
all. Although the effectiveness of azithromycin and 
cefixime were comparable to rifampicin each in one 
randomised controlled trial [19,20], no trials compared 
these two antibiotics with placebo. In contrast, high 
eradication rates were shown for rifampicin, ciproflox-
acin and ceftriaxone in various randomised placebo-
controlled trials, providing a more robust evidence 
base [10]. Furthermore, while very low resistance rates 
have been reported for ciprofloxacin, rifampicin and 
ceftriaxone in European countries [1], routine sensitiv-
ity testing of N. meningitidis for azithromycin and cefix-
ime has not been widely implemented. Thus there is a 
paucity of data regarding development of resistance 
against these antibiotics, with no such data reported by 
EARS (European Antimicrobial Resistance Surveillance; 
hosted by ECDC) thus far [1,21]. Some countries/
regions recommended rifampicin and ciprofloxacin for 

Table 4
Use of post-exposure prophylaxis in IMD contacts in different educational settings, European survey on public health 
policies for managing cases of meningococcal disease and their contacts, 2013

Recommendation of chemoprophylaxis
Countries/regions applying 

recommendation in 2013 
(N = 32)a

Countries/regions responding to both 
surveys and applying recommendation 

2007 (N=23) and 2013 (N=23)
P value for comparison 

2007 vs 2013
n n (2007) n (2013)

Preschool 

For all children 5 3 2 1.0
for all children of the 

same group 22 8 17 0.02 

For close contacts in 
the same group 1 0 1 1.0

No chemoprophylaxis 3 12 3 0.01 

Elementary 
schoolb 

For all pupils 0 NA NA NA
For all pupils in the 

same class 7 NA NA NA

For close contacts in 
the same class 17 NA NA NA

No chemoprophylaxis 7 NA NA NA

Secondary 
schoolb 

For all pupils 0 NA NA NA
For all pupils attending 

the same class 6 NA NA NA

For close contacts in 
the same class 19 NA NA NA

No chemoprophylaxis 7 NA NA NA

Universityb 

For all students of the 
same class 1 NA NA NA

For close contacts in 
the same group 25 NA NA NA

No chemoprophylaxis 6 NA NA NA

ECDC: European Centre for Disease Prevention and Control; IMD: invasive meningococcal disease.
a Number of countries responding to the question on pre-, elementary and secondary school in 2013: n = 32; responding to questions on 

university settings: n = 33.
b This criterion was not included in the 2007 questionnaire.
ECDC recommendations are highlighted in grey.
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pregnant women despite theoretical risk to the foetus 
based on animal studies. Although this risk is consid-
ered low, the use of ceftriaxone, cefixime and azithro-
mycin in pregnancy is considered safer [10]. Finally, 
there is no supporting evidence to use antibiotics such 
as spiramycin, penicillin, cotrimoxazole and ofloxacin, 
still occasionally recommended for PEP in European 
countries [10].

The proportion of countries/regions recommending 
PEP in preschool settings increased significantly from 
2007 to 2013. This is in agreement with the weak rec-
ommendation in the ECDC guidance to provide PEP to 
contacts in the same preschool group, depending on 
risk assessment, despite availability of only low-qual-
ity evidence [10,22]. In older children and students 
most countries/regions only recommended PEP to 
close contacts within the class, also in agreement with 
ECDC guidance.

In 2013, about two-thirds of countries/regions recom-
mended PEP to contacts after a case on a plane in 
various circumstances. Risk of transmission of menin-
gococcal disease on airplanes is generally low [13] and 
sharing the same transport vehicle as an IMD case 
should not in itself justify PEP [10,14]. As in other set-
tings, contact with pharyngeal secretions of a case 
qualifies for the administration of chemoprophylaxis, 

yet this criterion played a role in only one quarter of 
countries/regions’ recommendations concerning air 
travel. However, RAGIDA does state that, based on 
expert opinion and given the severity of the disease, 
contact tracing can be considered for persons sitting 
next to the suspected or laboratory-confirmed case 
[13].

In spite of a strong recommendation for post-exposure 
vaccination for serogroups A, C, W and Y in addition to 
PEP [7,10], 10 of 34 countries/regions did not have a 
respective policy in place, with little change from 2007 
to 2013. This may be due to the very low level of evi-
dence behind this recommendation [10].

Communication between countries/regions in case of 
transborder IMD case management is an important 
issue given the steadily increasing mobility throughout 
Europe. Almost 90% of countries/regions reported hav-
ing a policy in place ensuring such communication. In 
addition, a high level of adherence to ECDC guidance in 
many areas – as observed in the 2013 survey – facili-
tates this task.

ECDC guidance on public health management of spo-
radic IMD was found useful by most participating coun-
tries/regions at the national level. However, only half 
of the countries/regions used the guidance to change 

Table 5
Criteria defining eligibility for post-exposure prophylaxis in countries/regions recommending chemoprophylaxis for fellow 
passengers of an IMD case on a plane, European survey on public health policies for managing cases of meningococcal 
disease and their contacts, 2013

Criteria for chemoprophylaxis in 
fellow passengers on a planea

Countries/regions applying 
criteria in 2013 

(N = 20)b

Countries/regions responding to both surveys 
and applying criteria 

2007 (N= 9)c and 2013 (N=13)c
P value for comparison  

2007 vs 2013
n n (2007) n (2013)

Duration of travel 
Four hours or more 2 2 23 1.0
Seven hours or more 1 1 0 0.41
Eight hours or more 8 3 5 1.0
Overnight travel 0 2 0 0.16
Time not taken into accountd 9 1 6 0.17
Proximity to the case 
Seated next to the case 6 4 4 0.66
Seated in the same row, row in 
front/back 7 1 4 0.61

Contact with pharyngeal 
secretions of the case 5 1 4 0.61

Undefined 2 3 1 0.26

ECDC: European Centre for Disease Prevention and Control; IMD: invasive meningococcal disease; RAGIDA: Risk assessment guidelines for 
diseases transmitted on aircraft.

a Responses were free-text in the 2007 questionnaire and multiple choice in the 2013 version.
b Countries/regions recommending post-exposure prophylaxis to passengers with contact to an IMD case on a plane in 2013: n = 20/32 (63%).
c Countries/regions recommending post-exposure prophylaxis to passengers with contact to an IMD case on a plane; 2007: n = 9/22 (41%); 

2013: n = 13/23 (57%).
d For 2007: time criteria not mentioned by one country.

ECDC or RAGIDA recommendations are highlighted in grey.
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recommendations. Besides, some of these countries 
having most recommendations already in place, a pos-
sible explanation is that the time interval between pub-
lication of the guidance and the survey was less than 
three years and may have been insufficient to achieve 
changes in national policies. This could explain per-
sistence of significant discrepancies between country 
recommendations, for instance in the management of 
contacts in schools and public transport vehicles and 
the vaccination of close contacts. It is likely that practi-
cal issues, policy constraints related to use of antibiot-
ics, reluctance to recommend antibiotics not explicitly 
licensed for PEP as well as economic considerations 
continue to contribute to these residual differences. 
In addition, some countries/regions may view recom-
mendations based on very low levels of evidence more 
critically than others; however, it is unlikely that higher 
level of evidence will be obtainable in most of these 
areas, as the very large studies that would be required 
are not feasible in a setting of overall low disease inci-
dence. Nonetheless, increasing awareness of available 
evidence, for instance through translation of guid-
ance documents into the respective languages, might 
improve adherence. It is also possible that the overall 
low incidence in European countries/regions may partly 
explain reluctance to adopt recommendations that con-
tribute with relatively low effectiveness to prevention 
of subsequent cases in the same setting. For instance, 
it has been estimated that to prevent one subsequent 
case, PEP must be administered to 300 household 
contacts, but to 1,900 same-group preschool contacts 
[10], and ca 1,000 household contacts need to be vac-
cinated [7].

There may be other reasons for persistent differences 
as well, such as logistic and economic considera-
tions related to the structure of a particular healthcare 
system that might influence the feasibility of imple-
menting certain public health measures even when 
recommended by international guidance. For instance, 
some antibiotics are more expensive than others or 
might be centrally procured at a reduced rate, and post-
exposure vaccination can be logistically challenging as 
vaccination may not be performed by the public health 
authority making the recommendation. Furthermore, 
countries may be reluctant to recommend antibiotics 
without routine resistance testing. All of these factors 
should be addressed in future similar surveys.

Comparisons between the two surveys were limited 
by the smaller number of countries/regions that par-
ticipated in 2007. Nonetheless, comparability between 
the surveys was high due to the similar method used 
and their being undertaken by almost the same team. 
The respective participants gave us information on 
the official national policy of their countries/regions. 
However, we could not assess to what extent policies 
were legally binding and actually implemented in the 
respective country. We tried to address this by care-
fully identifying the person best placed to participate 

for each country. Further research on the actual imple-
mentation of recommendations would be useful.

In conclusion, public health policies for the manage-
ment of sporadic IMD cases were better harmonised 
among European countries/regions in 2013 compared 
with 2007. This is notably reflected by good adher-
ence to evidence-based recommendations regarding 
the most important target groups requiring PEP as well 
as the choice of antibiotics for PEP published in 2010, 
suggesting that guidance disseminated by an inter-
national public health agency can have an important 
impact on public health policy. However, some dis-
crepancies remained, e.g. only a minority of countries/
regions strictly followed ECDC guidance for IMD con-
tacts in airplanes. Future surveys should specifically 
aim to identify possible reasons for persistent discrep-
ancies in public health management of IMD that might 
help achieve further harmonisation, as this is desirable 
in the context of increasing mobility across European 
societies.
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On 1 February 2016, the World Health Organization 
(WHO) declared a Public Health Emergency of 
International Concern (PHEIC) following a meet-
ing of the recently established ‘International Health 
Regulations (2005) Emergency Committee on Zika 
virus and observed increase in neurological disorders 
and neonatal malformations’ and the rapid spread of 
the disease in  the Americas [1]. At the meeting, the 
Committee advised that the recent cluster of micro-
cephaly cases and other neurologic disorders reported 
in Brazil, following a similar cluster in French Polynesia 
in 2014, constitutes a PHEIC.

The European Centre for Disease Prevention and 
Control (ECDC) has monitored the Zika outbreaks in 
the Pacific Region and Latin America since onset of 
the respective outbreaks, and provides updates and 
resources in various formats such as daily updated 
maps of the countries and territories with reported 
confirmed autochthonous cases of Zika virus infection 
[2], fact sheets for professionals, risk assessments and 
epidemiological updates reflecting changes in the evo-
lution of the epidemic [3] on its website. The weekly 
ECDC communicable disease threat report, summarises 
information gathered through epidemic intelligence by 
ECDC regarding communicable disease threats of con-
cern to the European Union. It also includes updated 
information on the global situation and changes in the 
epidemiology of Zika virus [4].

As of 4 February 2016, no autochthonous Zika virus 
transmission had been reported in the continental 
European Union (EU). In 2015 and 2016, in several EU 
countries there were imported cases who had recently 
travelled in affected countries/territories. Several 
outermost EU regions continue to report Zika virus 
autochthonous circulation: French Guiana Guadeloupe, 
Martinique, Saint Martin and, Curacao (an independ-
ent state and part of the Kingdom of the Netherlands) 
reported an autochthonous case [2]. Widespread trans-
mission is also present in Cape Verde and sporadic 

Zika virus outbreaks have been described in Africa and 
South Asia since the virus was discovered for the first 
time in Uganda in 1947. In 2013–14 a large outbreak 
occurred in the Pacific region, especially in French 
Polynesia. In 2015, the Pacific region experienced 
another outbreak and in May 2015, the Pan American 
Health Organization (PAHO) and several Latin American 
authorities reported cases. The recent outbreaks in 
French Polynesia, Brazil and other Latin America coun-
tries led to reports of potential neurological and auto-
immune complications of Zika virus disease. Moreover, 
in Brazil and in other countries in Latin America, there 
were signals that a strong association between Zika 
virus infection and congenital abnormalities, including 
microcephaly, could exist when pregnant women were 
infected.

Read more in the articles published on Zika virus infec-
tion in Eurosurveillance.
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