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On 18 November 2015, Liu et al. reported the first 
description of plasmid-mediated colistin resistance 
(mcr-1 gene) in food animals, food and humans in China 
[1]. In this issue, Kluytmans-van den Bergh et al. report 
on their finding of the mcr-1 gene in Escherichia coli 
isolates from three (1.5%) of 196 samples of chicken 
meat collected at Dutch supermarkets, one in 2009 
and two in 2014 [2]. This was done by whole genome 
sequencing of all E. coli isolates and then screening 
for the presence of the mcr-1 gene by comparing the 
assembled sequences with sequence data from two 
databases. The same study did not find any mcr-1-pos-
itive isolate among 2,275 extended-spectrum beta-lac-
tamase-positive Escherichia coli (screening and clinical 
isolates) sampled in humans between 2009 and 2015. 
The exact origin of the sampled chicken meat was not 
known, with the two samples from 2014 being labelled 
‘non-Dutch, European’. The fact that the genomes of 
the two isolates from 2014 differed by only three loci 
and were from the same lot of chicken meat strongly 
suggest cross-contamination from a common source.

This study adds to the already long list of articles on 
plasmid-mediated colistin resistance published in this 
and other journals [3-30] (Figure and Table). Within 
just three months of the first description, we learned 
that the mcr-1 gene (i) had spread to most continents 
(Figure), (ii) had been found in bacteria isolated from 
various food animals, from the environment including 
river water, from various types of meat and vegetables, 
and from infected patients and asymptomatic human 
carriers including international travellers, (iii) had been 
found in various bacterial species, mostly E. coli, and 
on several different plasmids, and (iv) was highly trans-
ferrable with in vitro transfer rates as high as 10−1. The 
fact that we have gained much additional information 
in such a short time highlights the strength of whole 
genome sequencing and publicly available sequence 
databases.

Another important piece of information is that the 
mcr-1 gene has been present, though not detected, for 
a long time. Shen et al. reported an mcr-1-positive iso-
late from chickens in China dating back to the 1980s 
[21]. In Europe, the oldest isolate reported so far is an 
E. coli from a diarrhoeic veal calf in France in 2005 [10]. 
The earliest reported isolate from humans is a Shigella 
sonnei from Vietnam in 2008. Trends are available in 
one study from China and show that the proportion 
of mcr-1-positive isolates in E. coli from chickens has 
been increasing sharply since 2009 [21]. For most stud-
ies, it is impossible to calculate the prevalence of mcr-
1-positive isolates because detection of the mcr-1 gene 
was only performed on colistin-resistant isolates. In 
France, systematic screening of all isolates from the 
routine European Union surveillance of antimicrobial 
resistance in zoonotic commensal bacteria showed 
that prevalence of the mcr-1 gene ranged from 0.5% in 
E. coli from pigs to 5.9% in E. coli from turkeys in the 
period 2013 and 2014 [16].

Plasmid-mediated colistin resistance lies at the 
interface between animal health and human health. 
Polymyxins, and in particular colistin, have been used, 
both in human and veterinary medicine, for more than 
50 years, although their parenteral usage in humans 
has been limited because of concerns about nephro-
toxicity and neurotoxicity. In veterinary medicine, colis-
tin is widely used, especially for controlling diarrhoeal 
diseases in pig and poultry production [31]. However, 
its use varies widely between countries; in Europe, 
from 0 mg (Finland, Iceland, Norway) to more than 20 
mg (Italy, Spain) per kg animal biomass were used in 
2013 [32]. Data from other parts of the world are more 
scarce, however Liu et al. reported that the market value 
for colistin for veterinary usage increased from USD 8.7 
billion (EUR 8.0 billion) in 1992 to a projected USD 43 
billion (EUR 39.6 billion) in 2018, with China being the 
largest user of a projected 12,000 tonnes in 2015 [1]. 
The Committee for Medicinal Products for Veterinary 



3www.eurosurveillance.org

Figure 

Geographic distribution of the mcr-1 gene (as of 1st March 2016)
A. Food animals

B. Foods

C. Humans

Countries shown in colour have reported at least one isolate with the mcr-1 gene [1-30].
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Table a
Characteristics of mcr-1-positive isolates from food animals, the environment, food and humans, 1980s–2015 (as of 1st 
March 2016)

Source Year Country Type of specimen/
animal /infection

Origin/ 
travelled region

Isolates  
n (%) Species

Extended-spectrum  
beta-lactamase 

(ESBL)
Carbapenemase Reference

Food 
animals

1980s–2014 China Chickens  a 104  E. coli NA NA [21]

2005–2014 France Veal calves a 106 E. coli CTX-M-1 (n = 7) No [10]

2008–10 Japan Pigs a 2 E. coli NA NA [23]

2010–2011 Germany Pigs a 3 E. coli CTX-M-1 (n = 3) No [7]

2010-2015 The Netherlands Chickens, veal 
calves, turkeys

a 4 (< 1%) E. coli NA NA [5]

2011 France Pigs a 1 (< 1%) E. coli NA NA [16]

2011–12 Belgium Pigs a 6 E. coli No No [13]

2011–12 Belgium Veal calves a 7 E. coli No No [13]

2012 Laos Pigs a 3 E. coli NA NA [30]

2012 China Pigs a 31 (14%) E. coli NA NA [1]

2012–13 Japan Cattle a 4 E. coli CTX-M-27 No [23]

2013 Japan Pigs a 1 Salmonella 
Typhimurium NA NA [23]

2013 China Pigs a 68 (25%) E. coli NA NA [1]

2013 Malaysia Chickens a 3 E. coli NA NA [17]

2013 Malaysia Pigs a 1 E. coli NA NA [17]

2013 France Pigs a 1 (< 1%) E. coli No No [16]

2013 France Chickens a 3 (2%) E. coli No No [16]

2013 France Chickens (farm) a 1 Salmonella 
1,4 [5],12:i:- NA NA [26]

2014 France Broilers a 4 (2%) E. coli No No [16]

2014 France Turkeys a 14 (6%) E. coli CMY-2 No [16]

2014 Italy Turkeys a 1 E. coli No No [4]

2014 China Pigs a 67 (21%) E. coli NA NA [1]

2014 China Chickens a 1 E. coli CTX-M-65 NDM-9 [27]

2014–15 Vietnam Pigs a 9 (38%) E. coli CTXM-55 No [14]

2015 Tunisia Chickens France /Tunisia 37 (67%) E.coli CTX-M-1 NA [9]

2015 Algeria Chickens a 1 E. coli NA NA [30]

Environment
2012 Switzerland River water  a 1  E. coli SHV-12 NA  [29]

2013 Malaysia Water a 1 E. coli NA NA [17]

Food

2009 The Netherlands Chicken meat Unknown 1 E. coli CTX-M-1 No [2]

2009-2016 The Netherlands Retail meat (mostly 
chicken and turkey)

Dutch fresh 
meat and 
imported 

frozen meat
47 (2%) E. coli NA NA [5]

2010 Canada Ground beef Unknown 2 E. coli No No [15]

2011 Portugal Food product NA 1 Salmonella 
Typhimurium CTX-M-32 No [25]

2011 China Chicken meat a 10 (5%) E. coli NA NA [1]

2011 China Pork meat a 3 (6%) E. coli NA NA [1]

2012–2014 Denmark Chicken meat Germany 5 E. coli CMY-2, SHV-12 No [11]

2012 France Chicken meat, 
guinea fowl pie NA 2 Salmonella 

Paratyphi B NA NA [26]

2013 France Pork sausage NA 1 Salmonella 
Derby NA NA [26]

2013 China Chicken meat a 4 (25%) E. coli NA NA [1]

2013 China Pork meat a 11 (23%) E. coli NA NA [1]

2014 China Chicken meat a 21 (28%) E. coli NA NA [1]

2014 China Pork meat a 29 (22%) E. coli NA NA [1]

2014 The Netherlands Chicken meat
Europe, non-
Dutch (n = 1), 

origin unknown 
(n = 1)

2 E. coli SHV-12 No [2]

2014 Switzerland Vegetables Thailand, 
Vietnam 2 E. coli CTX-M-55, 

CTX-M-65 No [29]

2012–2015 United Kingdom Poultry meat
European 

Union, 
non-United 

Kingdom
2

Salmonella 
Paratyphi B 

var Java
NA NA [19]

NA: not available; E. coli: Escherichia coli; K. pneumoniae: Klebsiella pneumoniae.
a Same as reporting country.
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Use (CVMP) of the European Medicines Agency (EMA) 
reviewed all veterinary medicinal products containing 
colistin oral use and recommended variations to the 
terms of their marketing authorisations, for example 
that the indication is restricted to enteric infections 
caused by non-invasive E. coli susceptible to colistin 
and that presence of the disease in the herd should be 
established before metaphylactic treatment [33]. This 
opinion of the CVMP was converted into a Decision by 
the European Commission on 16 March 2015 [34], and 
a similar review is currently being performed for combi-
nation products containing colistin. In addition, in view 
of the recent developments with plasmid-mediated 
colistin resistance and at the request of the European 
Commission, the Antimicrobial Advice ad hoc Expert 
Group of the EMA is currently working on an update 
of its 2013 advice on the “use of colistin products in 
animals within the European Union: development of 

resistance and possible impact on human and animal 
health” [35].

In human medicine, colistin is increasingly used par-
enterally for the treatment of patients infected with 
highly resistant bacteria such as carbapenem-resistant 
Enterobacteriaceae and Acinetobacter spp. for which 
other treatment options are limited. In addition it is 
used topically by inhalation, especially in cystic fibro-
sis patients, as well as part of the regimen for selec-
tive decontamination of the digestive tract and of the 
oropharynx. As a result, consumption of polymyxins, 
mainly colistin, in European healthcare increased by 
50% between 2010 and 2014, although with wide vari-
ation in the consumption rate depending on the coun-
try [36]. In some European countries, this has resulted 
in increasing percentages of isolates and outbreaks of 
Enterobacteriaceae, mainly Klebsiella pneumoniae, that 

Source Year Country Type of specimen/
animal /infection

Origin/ 
travelled region

Isolates  
n (%) Species

Extended-spectrum  
beta-lactamase 

(ESBL)
Carbapenemase Reference

Humans

2008 Vietnam Dysentery Vietnam 1  Shigella 
sonnei NA NA [24]

Before 2010 China Faecal carriage a 27 (7%) NA NA NA [12,20]

2011 Canada Gastrostomy tube Egypt (previous 
healthcare) 1 E. coli NA OXA-48 [15]

2011 The Netherlands Bloodstream 
infection

a 1 (0.08%) E. coli NA NA [5]

2012–2013 The Netherlands Faecal carriage

China (n = 2), 
South America 
(n = 2), Tunisia, 

South-East 
Asia

6 E. coli
CTX-M-1, CTX-M-14, 
CTX-M-15, CTX-M-55 

(2), CTX-M-65
No [3]

NA Sweden Faecal carriage Asia 2 E. coli NA NA [8]

2012 Thailand Faecal carriage a 2 E. coli NA NA [30]

2012 Laos Faecal carriage a 6 E. coli NA NA [30]

2012 Cambodia Faecal carriage a 1 E. coli CTX-M-55 No [22]

2012–2015 United Kingdom Salmonellosis Asia (n = 2) 8 Salmonella 
Typhimurium No No [19]

2012–2015 United Kingdom Salmonellosis Asia 1
Salmonella 
Paratyphi B 

var Java
No No [19]

2012–2015 United Kingdom Salmonellosis a 1 Salmonella 
Virchow No No [19]

2012–2015 United Kingdom NA NA 3 E. coli CTX-M-type No [19]

2014 Germany Wound infection 
(foot) NA 1 E. coli No KPC-2 [7]

2014 China Inpatient a 13 (1%) E. coli NA NA [1]

2014–2015 China Bloodstream 
infection

a 2 E. coli CTX-M-1 No [6]

2015 Denmark Bloodstream 
infection

a 1 E. coli CTX-M-55, CMY-2 No [11]

2015 Switzerland Urinary tract 
infection NA 1 E. coli No VIM [18]

2015 China Inpatient a 3 (< 1%) K. 
pneumoniae NA NA [1]

2015 China
Surgical site 

infection, 
peritoneal fluid

a 2 K. 
pneumoniae CTX-M-1 NDM-5 [6]

2015 China Faecal carriage 
(children)

a 5 (2%) E. coli CTX-M-15 No [28]

NA: not available; E. coli: Escherichia coli; K. pneumoniae: Klebsiella pneumoniae.
a Same as reporting country.

Table b
Characteristics of mcr-1-positive isolates from food animals, the environment, food and humans, 1980s–2015 (as of 1st 
March 2016)
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are resistant to both carbapenems and colistin, the lat-
ter because of chromosomal point mutations [37,38].

In 2012, consumption of polymyxins, mainly colistin, 
was on average more than 600 times higher in food 
animals than in humans for those 19 Member States 
in the European Union and European Economic Area 
that reported complete data both for food animals and 
for humans and after controlling for biomass (analy-
sis of data from the first joint report by the European 
Centre for Disease Prevention and Control (ECDC), the 
European Food Safety Agency (EFSA) and EMA on the 
integrated analysis of the consumption of antimicro-
bial agents and occurrence of antimicrobial resistance 
in bacteria from humans and food-producing animals 
[39], data not shown). The fact that plasmid-mediated 
colistin resistance originated from animals combined 
with the much larger use of colistin in animals than 
in humans, has contributed to the perception that the 
problem needs to be tackled first in veterinary medi-
cine. As documented by Kluytmans-van den Bergh et 
al., mcr-1-positive isolates have so far only been found 
sporadically in humans in Europe [2]. This could be 
due to absence of selection in a non-favourable envi-
ronment as indicated by the fact that all travellers 
that were tested positive for mcr-1 upon return were 
negative after one month [3]. However, the presence 
of plasmid-mediated colistin resistance in foods and 
asymptomatic human carriers combined with increas-
ing colistin use in European hospitals may be a game 
changer. In addition, mcr-1-positive isolates often carry 
multiple resistance genes, including genes encoding 
for an extended-spectrum beta-lactamase or a carbap-
enemase (Table), and may thus be selected by usage 
of most antibiotics. Ultimately, if index cases are not 
detected early and proper control measures are not 
implemented, Europe may face hospital outbreaks of 
infections for which there will be little, and possibly no, 
antibiotic treatment options.

Hospitals must be aware of this new threat to patient 
safety and may want to consider a few practicable and 
proportionate preparedness options. Clinical microbi-
ology laboratories should consider testing for colistin 
susceptibility more frequently, within their available 
resources, for example in situations involving multi-
drug-resistant Gram-negative bacteria, isolates from 
patients that receive or have received colistin, or iso-
lates from patients transferred from or recently hos-
pitalised in a foreign country. It should be noted that 
disk diffusion is not a reliable test for colistin suscep-
tibility, which should rather be assessed by a method 
measuring the minimum inhibitory concentration [40]. 
Enhanced infection control precautions, including 
patient isolation, should be considered already at the 
suspicion of colistin resistance and not await confir-
mation from a reference laboratory. Finally, measures 
aiming at strengthening infection prevention and con-
trol (hospital hygiene) as well as a more prudent use 
of antibiotics are essential to prevent and control 

antimicrobial resistance in general, and should be con-
sidered for plasmid-mediated colistin resistance.

There is no doubt that more information will surface in 
the coming months. In the meantime, increased aware-
ness and preparedness may prevent spread of mcr-
1-positive Enterobacteriaceae in hospitals and other 
healthcare settings in Europe and elsewhere.
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We report two cases of Guillain–Barré syndrome who 
had concomitant Zika virus viruria. This viruria per-
sisted for longer than 15 days after symptom onset. 
The cases occurred on Martinique in January 2016, at 
the beginning of the Zika virus outbreak. Awareness of 
this possible neurological complication of ZikV infec-
tion is needed.

Two cases of Guillain–Barré syndrome (GBS) were diag-
nosed in January 2016 on Martinique, a French West 
Indies island of 390,000 inhabitants. Both patients 
were found to have ZikV in their urine at hospital 
admission. An outbreak of Zika virus (ZikV) infections 
has been ongoing on the island since December 2015 
[1] and spread rapidly, with more than 1,000 estimated 
cases per week in 2016 [2]. 

ZikV infection is usually benign, when symptomatic. 
The disease is a dengue-like syndrome, characterised 
by fever, headache, retro-orbital pain, non-purulent 
conjunctivitis, maculopapular rash, arthralgia, and 
myalgia. The symptoms last for four to seven days 
and are self-limiting. Recent ZikV epidemics in French 
Polynesia, Brazil and Central America have been asso-
ciated with Guillain–Barré syndrome (GBS) outbreaks, 
the probable link between these two diseases was 
made based on serological and anamnestic data [3-6]. 

Case description

Case 1
In the first week of January, four weeks after the detec-
tion of the first ZikV-positive cases on Martinique, 
a young adult complaining of gait disturbance was 

admitted to the University Hospital of Martinique. In 
the week before admission, the patient had felt numb-
ness in their four extremities followed by constipation. 
There was no history of infectious respiratory symp-
toms, diarrhoea or recent arboviral infection. At first 
clinical evaluation, the patient had a flaccid tetrapare-
sis, with asymmetric peripheral facial palsy and deglu-
tition disorders (without oculomotor disturbance or 
ataxia). Intravenous polyvalent immunoglobulin (IVIg) 
(0.4 g/kg/day for five days) was administered, starting 
on the first day of admission. However, the neurological 
disorders worsened and two days later, due to paraly-
sis of the respiratory musculature leading to respira-
tory failure, the patient needed mechanical ventilation. 
The patient recovered autonomous ventilation after 
seven days of intensive care, where they were hospi-
talised for a total of 10 days. The patient is currently in 
the rehabilitation unit of the University Hospital.

Electromyography (EMG) and nerve conduction studies 
were performed on day 15 after onset of neurological 
symptoms. There were abnormal sensory nerve action 
potentials with sural sparing pattern. Motor abnormali-
ties were consistent with demyelination (delayed distal 
latencies, slowed nerve conduction velocity, temporal 
dispersion of waveforms, some conduction blocks and 
absent F waves) and the spontaneous needle EMG was 
normal. Total spinal cord magnetic resonance imaging 
(MRI) was normal. We did not perform any brain MRI. 
Blood, cerebrospinal fluid (CSF) and urine samples 
were taken before the administration of IVIg. Blood 
analysis showed no biochemical disorders. Blood 
count was normal except for a white blood cell count 
of 11,440 cells/mL (norm: 4–10). The analysis of CSF 
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showed an albuminocytological dissociation with 1.50 
g/L proteins (norm: 0.15–0.40) and a white blood cell 
count of 4/mL (norm < 10). The glycorachia/glycaemia 
ratio was normal (norm > 0.5).

The patient was screened for the common aetiologies 
of GBS: serological tests for Campylobacter jejuni, C. 
fetus, Mycoplasma pneumoniae and human immunode-
ficiency virus (HIV) were negative. Direct detection in 
CSF of herpes simplex virus, varicella zoster virus and 
cytomegalovirus by PCR were negative. Direct detec-
tion of ZikV by RT-PCR in urine gave a positive result on 
day 15 after onset of neurological symptoms (Table) but 
was negative in plasma and CSF.

Case 2
In the third week of January 2016, a person in their 50s 
was admitted to the University Hospital of Martinique 
complaining of gait disturbance. Numbness of the 
four extremities and constipation had started three 
days before admission. The patient had no history of 

infectious respiratory symptoms, diarrhoea or recent 
arboviral infection. At first clinical evaluation, flac-
cid tetraparesis with bilateral asymmetric peripheral 
facial palsy and signs of respiratory distress were pre-
sent. IVIg (0.4 g/kg/day for five days) was promptly 
administered. On the day after admission, the patient 
was tetraplegic and paralysis of the respiratory mus-
culature, leading to respiratory failure, necessitated 
support by mechanical ventilation. The patient was 
hospitalised in intensive care unit for one month.

EMG and nerve conduction studies were performed 
on day 10 after onset of neurological symptoms. The 
results were similar as for Case 1. There were abnor-
mal sensory nerve action potentials with sural spar-
ing pattern. Motor abnormalities were consistent with 
demyelination (delayed distal latencies, slowed nerve 
conduction velocities, temporal dispersion of wave-
forms, some conduction blocks and absent F waves) 
and the spontaneous needle EMG was normal. Total 
spinal cord MRI was normal. We did not perform any 

Table
Microbiological data for two patients with Guillain-Barré syndrome, Martinique, January 2016

Microorganism Detection Case 1 Case 2

Campylobacter jejuni Serology Ratio < 8 (N < 128) Ratio < 8 (N < 128)
Campylobacter fetus Serology Ratio < 8 (N < 128) Ratio < 8 (N < 128)

Mycoplasma pneumoniae Serology IgM < 0.8 (N < 0.8) 
IgG < 10 (N < 10)

IgM < 0.8 (N < 0.8) 
IgG < 10 (N < 10)

Epstein–Barr virus Serology

IgM anti-VCA: 
0.14 IU/mL (N < 0.9 UI/ml) 

IgG anti-VCA: 
2.42 IU/mL (N < 0.9 UI/ml) 

IgG anti-EBNA: 
2.42 IU/mL (N < 0.9 UI/ml)

IgM anti-VCA: 
0.12 IU/mL (N < 0.9 UI/ml) 

IgG anti-VCA: 
2.66 IU/mL (N < 0.9 UI/ml) 

IgG anti-EBNA: 
2.42 IU/mL (N < 0.9 UI/ml)

Human immunodeficiency virus Serology Ratio: 0.23 (N < 0.9) Ratio: 0.15 (N < 0.9)
Herpes simplex virus CSF (PCR) Negative Negative

Cytomegalovirus
Serology Ratio IgM: 0.22 (N < 0.7) 

Ratio IgG: 270 (N < 0.5)
Ratio IgM: 0.19 (N < 0.7) 
Ratio IgG: 233 (N < 0.5)

CSF (PCR) Negative Negative
Varicella zoster virus CSF (PCR) Negative Negative
Enterovirus, incl poliovirus CSF (RT-PCR) Negative Negative

Dengue virus
Serology Ratio IgM: 0.63 (N < 0.9) 

Ratio IgG: 6.28 (N < 1.8)
Ratio IgM: 1.24 (N < 0.9) 
Ratio IgG: 3.74 (N < 1.8)

Plasma (RT-PCR) Negative Negative
CSF (RT-PCR) Negative Negative

Chikungunya virus
Serology Ratio IgM: 0.079 (N < 0.8) 

Ratio IgG: 0.136 (N < 0.8)
Ratio IgM: 0.304 (N < 0.8) 
Ratio IgG: 2.669 (N < 0.8)

Plasma (RT-PCR) Negative Negative
CSF (RT-PCR) Negative Negative

Zika virus

Plasma (RT-PCR) Negative Negative
CSF (RT-PCR) Negative Negative

Urine Da5 (RT-PCR) Not tested Positive
Urine D15 (RT-PCR) Positive Positive
Urine D21 (RT-PCR) Negative Positive

CSF: cerebrospinal fluid; EBNA: Eppstein–Barr nuclear antigen; IgG: immunoglobuline G; IgM: immunoglobuline M; IU: international unit; N: 
normal value; PCR: polymerase chain reaction; RT-PCR: reverse transcription polymerase chain reaction; VCA: viral capsid antigen; 

a Day after the onset of the neurological symptoms.
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brain MRI. Blood, CSF and urine samples were taken 
before the administration of intravenous immunoglob-
ulin. The analysis of CSF showed an albuminocytologi-
cal dissociation with 0.79 g/L protein (norm: 0.15–0.40) 
and a white blood cell count of 1/mL (norm < 10). The 
glycorachia/glycaemia ratio (norm > 0.5) was normal. 
The patient was screened for the common aetiologies 
of GBS: serological tests for Campylobacter jejuni, C. 
fetus, Mycoplasma pneumonia and HIV were negative. 
Direct detection of herpes simplex virus, varicella zos-
ter virus and cytomegalovirus by PCR in CSF were neg-
ative. Direct detection of ZikV by RT-PCR in urine was 
positive on days 5, 15 and 21 after onset of neurological 
symptoms. Detailed microbiological results are shown 
in Table.

Discussion
We present two typical cases of GBS according to clini-
cal, electrophysiological and lab findings. Laboratory 
confirmation of ZikV infections is based on the detec-
tion of viral RNA in serum by RT-PCR and of IgM against 
ZikV by enzyme-linked immunosorbent assay (ELISA). 
This is challenging because viraemia in ZikV-infected 
patients is short. Furthermore, there is cross-reactiv-
ity between ZikV antibodies and antibodies against 
other flaviviruses (including dengue virus (DENV)) [7]. 
ZikV antibody specificity can be determined by plaque 
reduction neutralisation tests [3]; these tests are done 
by the French National Reference Laboratory for arbo-
viruses in Marseille, France, which is 7,800 km away 
from Martinique. All ZikV serology for the University 
Hospital of Martinique is done in that reference labo-
ratory. The serological results for the two patients are 
currently pending, which limits this report in that ZikV 
infection has not yet been confirmed, although we con-
sider the diagnosis to be likely. 

Case 2 had a DENV IgM ratio of 1.24 (normal < 0.9). DENV-
specific IgM ELISA is an appropriate test for serum 
specimens collected from day 5 of illness. However, its 
positive predictive value is limited by potential cross-
reactivity with other flaviviruses and false positivity 
due to other pathogens causing acute febrile illness 
such as leptospirosis or due to past DENV infection 
[8]. Martinique has experienced several outbreaks of 
dengue fever since 2001 and, in 2011, a prospective 
study in adult blood donors reported a 93% seropreva-
lence for DENV antibodies [9]. The IgM result for Case 
2 could be explained by persistent seropositivity from 
an older DENV infection or a cross-reaction to a recent 
ZikV infection.

For dengue, Zika and West Nile virus infections, sev-
eral authors have demonstrated that RNA is detectable 
in urine at higher load and for a longer time than in 
plasma, and proposed that detection of RNA in urine 
could be used for the diagnosis of these infections 
[7,10,11]. For these reasons, direct RNA identification 
by RT-PCR in plasma and urine may be a good way to 
confirm flavivirus infections in populations exposed to 
Aedes spp. mosquitos.

Conclusion
This report has introduced two patients with GBS who 
had concomitant ZikV viruria. However, the detected 
asymptomatic prolonged excretion may not be related 
to the neurological symptoms. The average annual 
incidence of GBS on Martinique is close to eight cases 
per 390,000 inhabitants (data not shown). An associa-
tion with ZikV infection has to be confirmed on further 
cases. Potential physiopathological mechanisms of 
ZikV-related GBS should be explored.

Viral excretion in urine was longer than 15 days in our 
patients, whereas RNA detection in blood was nega-
tive. We think that ZikV viruria needs to be investigated 
for a period longer than 15 days after onset of the neu-
rological symptoms in GBS cases. We have to investi-
gate if the genito-urinary compartment is a sanctuary 
for persistent replication.
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Recently, the plasmid-mediated colistin resistance 
gene mcr-1 was found in Enterobacteriaceae from 
humans, pigs and retail meat in China. Several reports 
have documented global presence of the gene in 
Enterobacteriaceae from humans, food animals and 
food since. We screened several well-characterised 
strain collections of Enterobacteriaceae, obtained from 
retail chicken meat and hospitalised patients in the 
Netherlands between 2009 and 2015, for presence of 
colistin resistance and the mcr-1 gene. A total of 2,471 
Enterobacteriaceae isolates, from surveys in retail 
chicken meat (196 isolates), prevalence surveys in hos-
pitalised patients (1,247 isolates), clinical cultures (813 
isolates) and outbreaks in healthcare settings (215 iso-
lates), were analysed. The mcr-1 gene was identified in 
three (1.5%) of 196 extended-spectrum beta-lactamase 
(ESBL)-producing Escherichia coli isolates from retail 
chicken meat samples in 2009 and 2014. Two isolates 
were obtained from the same batch of meat samples, 
most likely representing contamination from a com-
mon source. No mcr-1-positive isolates were identified 
among 2,275 human isolates tested. All mcr-1-positive 
isolates were colistin-resistant (minimum inhibitory 
concentration (MIC) > 2 mg/L). Our findings indicate 
that mcr-1-based colistin-resistance currently poses no 
threat to healthcare in the Netherlands. They indicate 
however that continued monitoring of colistin resist-
ance and its underlying mechanisms in humans, live-
stock and food is needed.

Introduction
The worldwide emergence of extended-spectrum beta-
lactamases (ESBL) and carbapenemases has limited 
the available treatment options for infections with 
Gram-negative bacteria [1]. Colistin is considered to be 
an antibiotic of last resort for the treatment of infec-
tions with carbapenem-resistant bacteria, and its use 
in humans is increasing [1].

In November 2015, the presence of a plasmid-mediated 
colistin-resistance gene, mcr-1, in Enterobacteriaceae 
from food animals, food and patients in China was 
reported [2]. The mcr-1 gene was detected in 21% of 
Escherichia coli isolates cultured from pigs at slaugh-
ter and in 15% of E. coli isolates cultured from retail 
meat between 2011 and 2014. In addition, the mcr-1 
gene was present in 1.4% of E. coli isolates and 0.7% 
of Klebsiella pneumoniae isolates from clinical cultures 
from patients in two Chinese hospitals in 2014. Directly 
following this publication, the mcr-1 gene was reported 
to be present in 0.2% of ESBL- and AmpC-producing 
E. coli isolates from human bloodstream infections, 
and in 2% of E. coli isolates cultured from imported 
chicken meat in Denmark since 2012 [3].Hereafter, 
several reports have documented the global presence 
of the mcr-1 gene in Enterobacteriaceae cultured from 
humans, food animals and food [4-13].

Traditionally, colistin resistance was thought to be 
mediated by chromosomal mutations only, and to 
spread exclusively via clonal transmission of resist-
ant isolates [14]. The emergence of plasmid-mediated 
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Table 1
Enterobacteriaceae isolates from retail chicken meat, rectal samples, clinical cultures and outbreaks by year of culture, type 
of isolate, and colistin-resistance, analysed by whole genome sequencing for the presence of the mcr-1 gene, the Netherlands, 
2009–2015 (n = 2,471)

Isolate origin Year Type of isolate
Number 

of 
isolates

Number of 
colistin-resistant 

isolates

Number of 
mcr-1-positive 

isolates
Retail chicken meat (n = 196) 

Prevalence survey (n = 74) 2009
ESBL-producing Escherichia coli 68 NAa 1

ESBL-producing Klebsiella pneumoniae 6 NA 0

Prevalence survey (n = 122) 2014
ESBL-producing E. coli 119 2 2

ESBL-producing K. pneumoniae 3 0 0

Hospitalised patients, rectal samples (n = 1,247) 

Prevalence survey, 4 hospitals 
(n = 50) 2009

ESBL-producing E. coli 39 NA 0

ESBL-producing K. pneumoniae 11 NA 0

Prevalence surveys, 1 hospital 
(n = 63) 2013–2014

ESBL-producing E. coli 54 0 0

ESBL-producing K. pneumoniae 8 0 0

ESBL-producing K. oxytoca 1 0 0

Prevalence surveys, 14 hospitals 
(n = 1,134) 2011–2014

ESBL-producing E. coli 821 2 0

ESBL-producing K. pneumoniae 172 3 0

ESBL-producing K. oxytoca 13 0 0

ESBLproducing Enterobacter cloacae 77 2 0

ESBL-producing Citrobacter spp. 38 1 0

ESBL-producing Morganella morganii 6 6b 0

Other ESBLproducing Enterobacteriaceae 7 0 0

Hospitalised patients, clinical cultures (n = 813) 

Blood cultures, 4 hospitals (n = 25)            2009           

ESBL-producing E. coli 16 NA 0

ESBL-producing K. pneumoniae 7 NA 0

ESBL-producing K. oxytoca 2 NA 0

Blood cultures, 4 hospitals (n = 77) 2013–2014

ESBL-producing E. coli 67c 0 0

ESBL-producing K. pneumoniae 8c 0 0

ESBL-producing K. oxytoca 2 0 0

Clinical cultures, 14 hospitals 
(n = 711) 2011–2014

ESBL-producing E. coli 546 4 0

ESBL-producing K. pneumoniae 101 2 0

ESBL-producing K. oxytoca 5 0 0

ESBL-producing E. cloacae 46 3 0

ESBL-producing Citrobacter spp. 4 0 0

ESBL-producing M. morganii 3 3b 0

ESBL-producing Proteus mirabilis 2 2b 0

ESBL-producing P. vulgaris group 1 1b 0

Other ESBL-producing Enterobacteriaceae 3 0 0

Outbreaks in healthcare settings (n = 215) 

Several wards, including 
rehabilitation centre (n = 29)d 2012–2015 CTX-M-15 producing K. pneumoniae 29 0 0

Surgical ward (n = 14) 2014 E. cloacae 14 0 0

Intensive care unit (n = 86) 2009–2014 Colistin-resistant E. cloacae 86 86 0

Nursing home (n = 10) 2012 Colistin-resistant KPC-producing K. pneumoniae 10 10 0

ERCP related procedures (n = 50) 2014–2015 Colistin-resistant K. pneumoniae 50 43 0

Neonatal intensive care unit 
(n = 26)d 2014–2015 Colistin-resistant Serratia marcescens 26 26b 0

ERCP: endoscopic-retrograde cholangio-pancreaticography; ESBL: extended-spectrum beta-lactamase; KPC: Klebsiella pneumoniae carbapenemase; NA: not 
available.

a The mcr-1-positive isolate was tested colistin-resistant with Etest.
b Intrinsic resistance.
c Two E. coli isolates and one K. pneumoniae isolate were not available for whole genome sequencing.
d Outbreak and subsequent surveillance.
Colistin resistance was defined as a colistin minimum inhibitory concentration (MIC) > 2 mg/L, according to the European Committee on Antimicrobial 

Susceptibility Testing (EUCAST) clinical breakpoints [26].
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colistin resistance enables the much more efficient 
horizontal transfer of colistin resistance genes to other 
bacteria, making mcr-1 a potential threat to public 
health. The aim of this study was to screen several well-
documented strain collections of Enterobacteriaceae, 
obtained from retail chicken meat and hospitalised 
patients in the Netherlands since 2009, for the pres-
ence of colistin resistance and the mcr-1 gene.

Methods

Strain collections
A total number of 2,471 Enterobacteriaceae isolates 
were analysed for the presence of colistin resistance 
and the mcr-1 gene. Isolates originated from prevalence 
surveys in retail chicken meat (196 isolates), preva-
lence surveys in hospitalised patients (1,247 isolates), 
clinical cultures (813 isolates) and several outbreaks in 
healthcare settings (215 isolates), all collected in the 
Netherlands between 2009 and 2015.

Retail chicken meat
Two ESBL-producing Enterobacteriaceae (ESBL-E) prev-
alence surveys in Dutch retail chicken meat were per-
formed in 2009 and in 2014 [15,16]. A total number of 
196 ESBL-E isolates were obtained, 74 isolates from 71 
ESBL-E-positive meat samples in 2009 (89 samples cul-
tured), and 122 isolates from 86 ESBL-E-positive meat 
samples in 2014 (101 meat samples cultured).

Hospitalised patients, rectal samples
The retail chicken meat surveys in 2009 and 2014 were 
accompanied by hospital-wide prevalence surveys in 
patients who were admitted to four hospitals in the 
region where the chicken meat was bought [15,16]. In 
2009, ESBL-E rectal carriage was detected in 45 (5.1%) 
of 876 patients, who carried 50 ESBL-E isolates. Two 
repeated prevalence surveys in one of the four hos-
pitals in 2013 and 2014, yielded 63 ESBL-E isolates 
obtained from 63 (5.9%) ESBL-E carriers among 1,065 
patients cultured [17].

A multi-centre cluster-randomised study comparing 
contact isolation strategies for known ESBL-E carri-
ers was performed in 14 Dutch hospitals between 
2011 and 2014 (SoM study) [18]. All consecutive adult 
patients with a routine clinical culture with ESBL-E 
were placed on contact precautions and enrolled in the 
study (= index patient). Ward-based ESBL-E prevalence 
surveys were performed one week after enrolment of 
the index patient. Perianal swabs were obtained from 
10,691 patients and identified 992 (9.3%) ESBL-E car-
riers, from whom 1,134 ESBL-E isolates were cultured.

Hospitalised patients, clinical cultures
In 2009, 2013 and 2014, all consecutive ESBL-E isolates 
from blood cultures were prospectively collected in the 
four hospitals that participated in the ESBL-E rectal 
carriage prevalence surveys [15,16]. A total number of 
102 ESBL-isolates from blood cultures were obtained, 
25 isolates from 23 patients with an ESBL-E-positive 
blood culture in 2009, and 77 isolates from 76 patients 
in 2013 and 2014. Three isolates that were collected in 
2014 were not available for whole genome sequencing.
In the SoM study, a total number of 711 clinical ESBL-E 
isolates were obtained from 654 ESBL-E-positive 
patients.

Outbreaks in healthcare settings
Since 2009, several outbreaks with antimicrobial-
resistant bacteria in Dutch hospitals and nursing homes 
have been documented. Six outbreaks, comprising 215 
isolates, for which whole genome sequence data were 
available, were included in this analysis: (i) an out-
break of CTX-M-15-producing K. pneumoniae in several 
wards of a hospital and an associated rehabilitation 
centre in 2012–2015 (29 isolates) [19]; (ii) an outbreak 
of Enterobacter cloacae in a surgical ward in 2014 (14 
isolates); (iii) an outbreak of colistin-resistant E. cloa-
cae in an intensive care unit between 2009 and 2014 
(86 isolates); (iv) an outbreak of colistin-resistant KPC-
producing K. pneumoniae in a nursing home in 2012 
(10 isolates) [20]; (v) an outbreak of colistin-resistant 
K. pneumoniae in patients after endoscopic retrograde 
cholangio-pancreaticography (ERCP) procedures in 

Table 2
Characteristics of the mcr-1-positive Escherichia coli isolates from retail chicken meat, the Netherlands, 2009–2015

Isolate Origin Date of 
purchase Supermarket MLST Serotype Resistance genes Plasmid 

replicons

213 Chicken 
meat

14 October 
2009 A ST2079 O8:H19

aadA1, aadA2, aadA3, aph(3’)-la, 
aph(3”)-Ib, aph(3’)-lc, aph(6)-Id, 
blaCTX-M-1, blaTEM-1B, tet(A), mcr-1, 
lnu(F), cmlA1, catA1, sul2, sul3, 

dfrA5

FIB, FII, HI2, 
HI2A, I1, I2, 

P, p0111

14M009386a Chicken 
meat

29 January 
2014 B ST117 O159:H4 aadA1, blaSHV-12, mcr-1, sul1, sul3 FIB, FII

14M009387a Chicken 
meat

29 January 
2014 B ST117 O159:H4 aadA1, blaSHV-12, mcr-1, sul1, sul3 FIB, FII

MLST: multilocus sequence typing.
a Isolate 14M009386 and 14M009387 were cultured from different meat samples with the same lot number.
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2014–2015 (50 isolates); and (vi) an outbreak of (intrin-
sic) colistin-resistant Serratia marcescens in a neonatal 
intensive care unit in 2014–2015 (26 isolates).

Whole genome sequencing and analysis of 
sequence data
Whole genome sequencing (WGS) was performed, 
on either a MiSeq, HiSeq 2500 or NextSeq sequencer 
(Illumina). De novo assembly was performed using CLC 
genomics Workbench 7.0.4 (Qiagen) or the open source 
SPAdes 3.5.0 software (http://bioinf.spbau.ru/spades) 
[21]. Sequence data were screened for the presence of 
the mrc-1 gene by running the assembled sequences 
against a task template containing the mcr-1 gene 
sequence in Ridom SeqSphere + version 3.0.1 (Ridom, 
Germany) or by uploading the assembled sequences 
to the open access bioinformatic webtool ResFinder 
(updated version 2.1, including the mcr-1 sequence) 
of the Center for Genomic Epidemiology (http://www.
genomicepidemiology.org/) [22]. For isolates from 
two outbreaks (colistin-resistant E. cloacae and ERCP-
related colistin-resistant K. pneumonia), the thresholds 
for sequence identity and coverage length were set to 

98% and 60%, respectively, while for all other isolates 
both thresholds were set to 80%. The sequence data 
of the mcr-1-positive isolates were further analysed by 
using a genotyping plugin that allowed serotyping of 
the isolates and detection of acquired antibiotic resist-
ance genes and plasmids with a 80% threshold for both 
sequence identity and coverage length (BioNumerics 
v7.6 beta software, Applied Maths). Reference data 
for acquired antimicrobial resistance genes and plas-
mid replicons were retrieved from the ResFinder and 
PlasmidFinder databases (version 9 November 2015) 
of the Center for Genomic Epidemiology (http://www.
genomicepidemiology.org/) [22,23]. Whole genome 
multilocus sequence typing (wgMLST) analysis was 
performed using a pan-genome MLST scheme compris-
ing 9,347 genes, based on 19 well-annotated reference 
genomes of E. coli and Shigella spp. (BioNumerics v7.6 
beta, Applied Maths). Additionally, single nucleotide 
polymorphism (SNP) calling was performed by map-
ping the paired-end reads of isolate 14M009387 and 
isolate 213 to the de novo assembled genome of iso-
late 14M009386, using Bowtie 2.5.5 [24] and SAMtools 
[25]. Resulting Binary Alignment Maps (BAM) files were 

Table 3
Antimicrobial susceptibility of mcr-1-positive Escherichia coli isolates from retail chicken meat, the Netherlands, 2009–2015

Antimicrobial agent
Isolate

213 14M009386 14M009387
MIC (mg/L) S/I/R MIC (mg/L) S/I/R MIC (mg/L) S/I/Ra

Polymyxins 
Colistin 3b R ≥ 16 R ≥ 16 R
Penicillins 
Ampicillin ≥ 32 R ≥ 32 R ≥ 32 R
Amoxicillin/clavulanic acid 8 S ≤ 2 S 4 S
Piperacillin/tazobactam ≤ 4 S ≤ 4 S ≤ 4 S
Cephalosporins 
Cefuroxime ≥ 64 R 16 R 16 R
Cefotaxime 8 R 4 R 4 R
Ceftazidime ≤ 1 S 16 R 16 R
Cefepime 2 I ≤ 1 S ≤ 1 S
Cefoxitin ≤ 4 Sc ≤ 4 Sc ≤ 4 Sc

Carbapenems 
Meropenem ≤ 0.25 S ≤ 0.25 S ≤ 0.25 S
Imipenem ≤ 0.25 S ≤ 0.25 S ≤ 0.25 S
Aminoglycosides 
Gentamicin ≤ 1.0 S ≤ 1 S ≤ 1 S
Tobramycin ≤ 1.0 S ≤ 1 S ≤ 1 S
Fluoroquinolones 
Ciprofloxacin 0.5 S ≤ 0.25 S ≤ 0.25 S
Norfloxacin 2 R ≤ 0.5 S ≤ 0.5 S
Folate pathway inhibitors 
Trimethoprim/sulfamethoxazol ≥ 16/304 R ≤ 1/19 S ≤ 1/19 S

I: intermediate; MIC: minimum inhibitory concentration; R: resistant; S: susceptible.
a According to the European Committee on Antimicrobial Susceptibility (EUCAST) clinical breakpoints [26].
b Etest: MIC = 3 mg/L; Vitek2: MIC = 2 mg/L.
c No clinical breakpoint available; S refers to the screening breakpoint for AmpC Enterobacteriaceae.
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used to perform whole genome SNP (wgSNP) analysis 
(BioNumerics v7.6 beta, Applied Maths).

Antimicrobial susceptibility testing
Isolates for which antimicrobial susceptibility data 
were available were screened for the presence of colis-
tin resistance. Susceptibility testing of the three mcr-
1-positive E. coli isolates was performed using Vitek2 
(bioMérieux, France) and Etest (bioMérieux, France). 
The breakpoint tables of the European Committee on 
Antimicrobial Susceptibility Testing (EUCAST) were 
used for the interpretation of minimum inhibitory con-
centrations (MICs) [26]. Isolates with a colistin MIC > 2 
mg/L were considered colistin-resistant.

Results
An overview of the 2,471 Enterobacteriaceae isolates 
from retail chicken meat, rectal samples, clinical cul-
tures and outbreaks is presented in Table 1. Colistin 
resistance was found in two (1.6%) of 122 chicken 
meat-derived ESBL-E isolates, in 14 (1.1%) of 1,247 iso-
lates from ESBL-E rectal carriers, and in 15 (1.8%) of 
813 ESBL-E isolates from clinical cultures. The mcr-1 
gene was detected in three (1.5%) of 196 chicken meat-
derived ESBL-producing E. coli isolates, one cultured in 
2009 and two in 2014. For all three isolates, the mcr-1 
sequence showed 100% similarity to the gene reported 
in China [2]. None of the 2,275 human isolates har-
boured the mcr-1 gene.

Table 2 shows the general and molecular charac-
teristics of the three mcr-1-positive E. coli isolates. 
The isolate that was cultured in 2009 had sequence 
type ST2079, was CTX-M-1-positive and harboured 17 
acquired resistance genes. Both isolates from 2014 had 
sequence type ST117, were SHV-12-positive and har-
boured five acquired resistance genes. Although these 
two isolates were cultured from different meat samples 
of non-Dutch origin, the meat samples had the same 
lot number and were bought in the same supermarket 
on the same day. Plasmid replicons were identified in 
all three isolates, eight in the isolate from 2009 and 
two in both isolates from 2014. However, none of the 
plasmid replicons could be linked to the mcr-1 gene.

Antimicrobial susceptibilities for the three mcr-1-pos-
itive E. coli isolates are shown in Table 3. All three 
isolates were colistin-resistant (MIC > 2 mg/L). The iso-
late from 2009 tested colistin-susceptible by Vitek2 
(MIC = 2 mg/L), but resistant by Etest (MIC = 3 mg/L). 
wgMLST analysis showed that the two isolates from 
2014 differed by only three (0.07%) of 4,243 shared 
loci, whereas the isolate from 2009 differed by 3,606 
(95.1%) of 3,791 shared loci (Table 4). The two iso-
lates from 2014 differed by only eight SNPs in wgSNP 
analysis.

Discussion
In our study, covering the period 2009 to 2015, we 
detected the recently described plasmid-mediated 
colistin resistance gene, mcr-1, in three ESBL-producing 
E. coli isolates from retail chicken meat samples 
obtained from Dutch supermarkets in 2009 and 2014. 
All three mcr-1-positive isolates were colistin-resistant, 
and two of them were genetically closely related. No 
mcr-1-positive isolates were detected in a large col-
lection of Enterobacteriaceae isolates of human origin 
that were collected during the same time period and 
included isolates of four outbreaks with colistin-resist-
ant Enterobacteriaceae.

In addition to the recent reports on the global occur-
rence of the mcr-1 gene in Enterobacteriaceae cultured 
from humans, food animals and food [2-13], our find-
ings confirm the presence of the mcr-1 gene in the 
European setting already since 2009.

The observed 1.5% prevalence of mcr-1-positive iso-
lates is comparable with the reported 2% (5/255) prev-
alence in imported chicken meat in Denmark, and is 
lower than the 15% (78/523) prevalence in retail meat 
in China [2,3]. This lower prevalence may be related to 
the relatively low rates of polymyxin use in livestock 
in Europe. In 2014, polymyxins constituted only 0.4% 
(0.34 defined daily dose animal (DDDA)/animal year) of 
all antibiotics used in broilers in the Netherlands, with 
a decreasing trend over the last few years [27].

It is noteworthy that the observed 1.5% prevalence of 
mcr-1-positive isolates in ESBL-E isolates from retail 
chicken meat in this study is similar to the 1.5% phe-
notypic colistin resistance that was found in E. coli iso-
lates cultured from Dutch retail chicken meat in 2014 
[27]. Unfortunately, no data are currently available on 
the resistance mechanisms involved in this phenotypic 
colistin resistance.

The genetic identity between the two mcr-1-positive 
isolates that were obtained from the same batch of 
meat samples most likely represents batch contamina-
tion from a common source.

The mcr-1-positive isolates in this study belong to differ-
ent sequence types as compared with those that were 
found to be related to the mcr-1 gene in the Chinese 
and Danish study [2,3]. E. coli ST2097 is uncommon in 

Table 4
Whole genome multilocus sequence typing analysis and 
whole genome single nucleotide polymorphism analysis 
of mcr-1-positive isolates from retail chicken meat, the 
Netherlands, 2009–2015a

Isolate

wgMLST wgSNP

Loci shared Different alleles 
within shared loci

SNP 
positions

n n % n
14M009387 4,243 3 0.07% 8
213 3,791 3,606 95.1% 100,215

MLST: multilocus sequence typing; SNP: single nucleotide 
polymorphism; wg: whole genome.

a Isolate 14M0009386 was used as reference.
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humans, but has been reported once before in a study 
on ESBL-producing bacteria in flies from broiler farms 
in the Netherlands [28]. E. coli ST117, on the other 
hand, is common in both poultry and humans [16,29]. 
The detection of the mcr-1 gene in isolates that belong 
to different sequence types illustrates the potential for 
horizontal transfer of this resistance gene.

Although all chicken meat samples were bought in 
Dutch supermarkets, the labelling of the samples did 
not provide any clue with respect to the country where 
animals were raised. Available data on the origin of the 
chicken meat were limited to the producing country for 
the samples from 2014 (non-Dutch, European), for the 
2009 isolate this information was not available. A non-
European origin of the mcr-1-positive meat samples 
can, therefore, neither be confirmed, nor excluded.

The absence of the mcr-1 gene in human isolates of 
various origins is in accordance with observations in 
previous studies that the presence of the mcr-1 gene 
in clinical isolates is still rare. In China, 1.4% (13/902) 
of clinical E. coli isolates and 0.7% (3/420) of clini-
cal K. pneumoniae isolates were mcr-1-positive, and 
in Denmark, only 0.2% (1/417) of ESBL- and AmpC-
producing E. coli isolates from bloodstream infections 
[2,3]. This absence of the mcr-1 gene in current Dutch 
collections of human Enterobacteriaceae may in part be 
due to the low use of colistin and its analogues, the 
polymyxins, in humans in the Netherlands. In 2014, 
polymyxins constituted less than 0.1% (0.01 defined 
daily dose (DDD)/1,000 inhabitant-days) of all systemic 
antimicrobials used in primary care and ca 0.3% (0.2 
DDD/100 patient-days) of systemic antimicrobials used 
in the hospital setting [30].

Short-read sequence data are not optimal for the 
assembly of plasmid sequences, which are known to 
contain multiple repetitive elements. This may explain 
why the analysis of our sequence data did not reveal a 
link between the mcr-1 gene and the plasmid replicons 
identified.

Although the prevalence of mcr-1-positive isolates in 
meat samples was low, the presence of this colistin 
resistance gene in food represents a potential public 
health threat, as it is located on mobile genetic ele-
ments that have the potential to spread horizontally to 
other bacteria. With the increase in carbapenem resist-
ance, the use of colistin is increasing and, herewith, 
the selective pressure for the spread of mcr-1 gene-
containing plasmids. As colistin has become one of the 
last resort antibiotic options to treat severe infections 
with Gram-negative bacteria, the continued monitor-
ing of colistin resistance and its underlying resistance 
mechanisms is important, not only in humans, but also 
in food production animals and food. The emergence 
of plasmid-mediated colistin resistance underpins the 
recent proposal of veterinary experts to reconsider the 
use of colistin and its analogues in food production 
animals [31].

In conclusion, the plasmid-mediated colistin resistance 
gene mcr-1 was detected in three ESBL-producing E. 
coli isolates that had been cultured from retail chicken 
meat from Dutch supermarkets in 2009 and 2014. Two 
isolates were obtained from the same batch of meat 
samples, which most likely represents contamination 
from a common source. The mcr-1 gene was not pre-
sent in a large collection of human isolates collected 
between 2009 and 2015 in the Netherlands. These find-
ings indicate that mcr-1-based colistin resistance cur-
rently poses no threat to healthcare in the Netherlands, 
but requires continued monitoring of colistin resistance 
and its underlying mechanisms in humans, livestock 
and food.

Acknowledgements
The SoM study was supported by The Netherlands 
Organisation for Health Research and Development (ZonMw) 
(project 205100010). Part of this study was funded by the 
Food & Nutrition Delta Program 2013. We are grateful to the 
members of the SoM study group for their contribution to 
this study.

Conflict of interest
Katrien De Bruyne is an employee of Applied Maths, a com-
pany that develops and sells software for microbiological 
typing methods. All other authors have no competing inter-
est to declare.

Authors’ contributions
MK, MJMB, JR, PH collected the data, MK, MB, JR and KDB 
performed the molecular analysis, MK, PH, MJMB, MB, KDB, 
JR, AF, PS and JK participated in drafting the manuscript, MK 
coordinated and edited the manuscript.

References
1. Doi Y, Paterson DL. Carbapenemase-producing 

Enterobacteriaceae.Semin Respir Crit Care Med. 2015;36(1):74-
84.DOI: 10.1055/s-0035-1544208 PMID: 25643272

2. Liu YY, Wang Y, Walsh TR, Yi LX, Zhang R, Spencer J, et 
al.  Emergence of plasmid-mediated colistin resistance 
mechanism MCR-1 in animals and human beings in China: a 
microbiological and molecular biological study. Lancet Infect 
Dis. 2016;16(2):161-8. DOI: 10.1016/S1473-3099(15)00424-7 
PMID: 26603172

3. Hasman H, Hammerum AM, Hansen F, Hendriksen RS, Olesen 
B, Agersø Y, et al.  Detection of mcr-1 encoding plasmid-
mediated colistin-resistant Escherichia coli isolates from 
human bloodstream infection and imported chicken meat, 
Denmark 2015. Euro Surveill. 2015;20(49):30085.DOI: 
10.2807/1560-7917.ES.2015.20.49.30085 PMID: 26676364

4. COMBAT consortium,Arcilla MS, van Hattem JM, Matamoros 
S, Melles DC, Penders J, de Jong MD, et al. . Dissemination 
of the mcr-1 colistin resistance gene.Lancet Infect Dis. 
2016;16(2):147-9. DOI: 10.1016/S1473-3099(15)00541-1 PMID: 
26711361

5. Olaitan AO, Chabou S, Okdah L, Morand S, Rolain JM. 
Dissemination of the mcr-1 colistin resistance gene.Lancet 
Infect Dis. 2016;16(2):147.DOI: 10.1016/S1473-3099(15)00540-X 
PMID: 26711360

6. Webb HE, Granier SA, Marault M, Millemann Y, den Bakker 
HC, Nightingale KK, et al. Dissemination of the mcr-1 colistin 
resistance gene. Lancet Infect Dis. 2015. DOI: 10.1016/
S1473-3099(15)00538-1

7. Public Health England (PHE). First detection of plasmid-
mediated colistin resistance (mcr-1 gene) in food and human 



18 www.eurosurveillance.org

isolates in England and Wales (Serial number 2015/090). 
London: PHE, 2015.

8. Falgenhauer L, Waezsada SE, Yao Y, Imirzalioglu C, Käsbohrer 
A, Roesler U, et al.; RESET consortium. Colistin resistance 
gene mcr-1 in extended-spectrum β-lactamase-producing and 
carbapenemase-producing Gram-negative bacteria in Germany. 
Lancet Infect Dis. 2016.

9. Malhotra-Kumar S, Xavier BB, Das AJ, Lammens C, Butaye P, 
Goossens H. Colistin resistance gene mcr-1 harboured on a 
multidrug resistant plasmid. Lancet Infect Dis. 2016.

10. Malhotra-Kumar S, Xavier BB, Das AJ, Lammens C, Hoang HTT, 
Pham NT, et al. Colistin-resistant Escherichia coli harbouring 
mcr-1 isolated from food animals in Hanoi, Vietnam. Lancet 
Infect Dis. 2016.

11. Stoesser N, Mathers AJ, Moore CE, Day NPJ, Crook DW. Colistin 
resistance gene mcr-1 and pHNSHP45 plasmid in human 
isolates of Escherichia coli and Klebsiella pneumoniae. Lancet 
Infect Dis. 2016.

12. Suzuki S, Ohnishi M, Kawanishi M, Akiba M, Kuroda M. 
Investigation of a plasmid genome database for colistin-
resistance gene mcr-1. Lancet Infect Dis. 2016.

13. Haenni M, Poirel L, Kieffer N, Châtre P, Saras E, Métayer V, et 
al. Co-occurrence of extended spectrum β lactamase and MCR-
1 encoding genes on plasmids. Lancet Infect Dis. 2016.

14. Giani T, Arena F, Vaggelli G, Conte V, Chiarelli A, Henrici 
De Angelis L, et al.  Large nosocomial outbreak of colistin-
resistant, carbapenemase-producing Klebsiella pneumoniae 
traced to clonal expansion of an mgrB deletion mutant. J Clin 
Microbiol. 2015;53(10):3341-4.DOI: 10.1128/JCM.01017-15 PMID: 
26202124

15. Kluytmans JAJW, Overdevest ITMA, Willemsen I, Kluytmans-van 
den Bergh MFQ, van der Zwaluw K, Heck M, et al.  Extended-
spectrum β-lactamase-producing Escherichia coli from retail 
chicken meat and humans: comparison of strains, plasmids, 
resistance genes, and virulence factors. Clin Infect Dis. 
2013;56(4):478-87.DOI: 10.1093/cid/cis929 PMID: 23243181

16. Overdevest I, Willemsen I, Rijnsburger M, Eustace A, Xu L, 
Hawkey P, et al.  Extended-spectrum β-lactamase genes of 
Escherichia coli in chicken meat and humans, The Netherlands. 
Emerg Infect Dis. 2011;17(7):1216-22.DOI: 10.3201/
eid1707.110209 PMID: 21762575

17. Willemsen I, Oome S, Verhulst C, Pettersson A, Verduin K, 
Kluytmans J. Trends in extended spectrum beta-lactamase 
(ESBL) producing Enterobacteriaceae and ESBL genes in a 
Dutch teaching hospital, measured in 5 yearly point prevalence 
surveys (2010-2014).PLoS One. 2015;10(11):e0141765.DOI: 
10.1371/journal.pone.0141765 PMID: 26528549

18. Nederlands Trial Register. Trial ID NTR2799. Amsterdam: 
Nederlands Trial Register. [Accessed 25 Feb 2016]. Available 
from: http://www.trialregister.nl/trialreg/admin/rctview.
asp?TC=2799

19. Zhou K, Lokate M, Deurenberg RH, Arends J, Lo-Ten Foe J, 
Grundmann H, et al.  Characterization of a CTX-M-15 producing 
Klebsiella pneumoniae outbreak strain assigned to a novel 
sequence type (1427). Front Microbiol. 2015;6:1250.DOI: 
10.3389/fmicb.2015.01250 PMID: 26617589

20. Weterings V, Zhou K, Rossen JW, van Stenis D, Thewessen 
E, Kluytmans J, et al.  An outbreak of colistin-resistant 
Klebsiella pneumoniae carbapenemase-producing Klebsiella 
pneumoniae in the Netherlands (July to December 2013), 
with inter-institutional spread. Eur J Clin Microbiol Infect Dis. 
2015;34(8):1647-55.DOI: 10.1007/s10096-015-2401-2 PMID: 
26067658

21. Bankevich A, Nurk S, Antipov D, Gurevich AA, Dvorkin M, 
Kulikov AS, et al.  SPAdes: a new genome assembly algorithm 
and its applications to single-cell sequencing. J Comput 
Biol. 2012;19(5):455-77.DOI: 10.1089/cmb.2012.0021 PMID: 
22506599

22. Zankari E, Hasman H, Cosentino S, Vestergaard M, Rasmussen 
S, Lund O, et al.  Identification of acquired antimicrobial 
resistance genes. J Antimicrob Chemother. 2012;67(11):2640-4.
DOI: 10.1093/jac/dks261 PMID: 22782487

23. Carattoli A, Zankari E, García-Fernández A, Voldby Larsen M, 
Lund O, Villa L, et al.  In silico detection and typing of plasmids 
using PlasmidFinder and plasmid multilocus sequence typing. 
Antimicrob Agents Chemother. 2014;58(7):3895-903.DOI: 
10.1128/AAC.02412-14 PMID: 24777092

24. Langmead B, Salzberg SL. Fast gapped-read alignment 
with Bowtie 2.Nat Methods. 2012;9(4):357-9.DOI: 10.1038/
nmeth.1923 PMID: 22388286

25. 1000 Genome Project Data Processing Subgroup,Li H, 
Handsaker B, Wysoker A, Fennell T, Ruan J, Homer N, et 
al. . The Sequence Alignment/Map format and SAMtools.
Bioinformatics. 2009;25(16):2078-9.DOI: 10.1093/
bioinformatics/btp352 PMID: 19505943

26. European Committee on Antimicrobial Susceptibility Testing 
(EUCAST). Breakpoint tables for interpretation of MICs and 
zone diameters. Version 5.0, 2015. Available from: http://www.
eucast.org/clinical_breakpoints/

27. Central Veterinary Institute of Wageningen University and 
Research Centre. MARAN 2015. Monitoring of antimicrobial 
resistance and antibiotic usage in animals in The Netherlands 
in 2014. 2015. Available from: http://www.swab.nl/swab/cms3.
nsf/uploads/4F5A0D8E6F0DD139C1257E6E0051833A/$FILE/
NethmapMaran2015%20_webversie.pdf

28. Blaak H, Hamidjaja RA, van Hoek AHAM, de Heer L, de Roda 
Husman AM, Schets FM. Detection of extended-spectrum beta-
lactamase (ESBL)-producing Escherichia coli on flies at poultry 
farms.Appl Environ Microbiol. 2014;80(1):239-46.DOI: 10.1128/
AEM.02616-13 PMID: 24162567

29. Wu G, Day MJ, Mafura MT, Nunez-Garcia J, Fenner JJ, Sharma 
M, et al.  Comparative analysis of ESBL-positive Escherichia 
coli isolates from animals and humans from the UK, The 
Netherlands and Germany. PLoS One. 2013;8(9):e75392.DOI: 
10.1371/journal.pone.0075392 PMID: 24086522

30. Dutch Foundation of the Working Party on Antibiotic Policy 
(SWAB). NethMap 2015. Consumption of antimicrobial agents 
and antimicrobial resistance among medically important 
bacteria in The Netherlands in 2014. Bilthoven: RIVM. 
2015. Available from: http://www.swab.nl/swab/cms3.nsf/
uploads/4F5A0D8E6F0DD139C1257E6E0051833A/$FILE/
NethmapMaran2015%20_webversie.pdf

31. Catry B, Cavaleri M, Baptiste K, Grave K, Grein K, Holm A, et 
al.  Use of colistin-containing products within the European 
Union and European Economic Area (EU/EEA): development 
of resistance in animals and possible impact on human and 
animal health. Int J Antimicrob Agents. 2015;46(3):297-306.
DOI: 10.1016/j.ijantimicag.2015.06.005 PMID: 26215780

License and copyright
This is an open-access article distributed under the terms of 
the Creative Commons Attribution (CC BY 4.0) Licence. You 
may share and adapt the material, but must give appropriate 
credit to the source, provide a link to the licence, and indi-
cate if changes were made.

This article is copyright of the authors, 2016.



19www.eurosurveillance.org

Surveillance and outbreak report 

The measles outbreak in Bulgaria, 2009–2011: An 
epidemiological assessment and lessons learnt

M Muscat 1 2 , L Marinova 2 3 , A Mankertz 4 , N Gatcheva 5, Z Mihneva 3 , S Santibanez 4 , A Kunchev 6 , R Filipova 6 , M Kojouharova 3 
1. World Health Organization Regional Office for Europe, Copenhagen, Denmark
2. Both authors contributed equally as first authors.
3. National Centre of Infectious and Parasitic Diseases, Sofia, Bulgaria
4. Robert Koch Institute, WHO/EURO Regional Reference Laboratory for Measles and Rubella, Berlin, Germany
5. Bulgarian Association for Prevention and Infection Control – BulNoso, Sofia, Bulgaria
6. Ministry of Health, Sofia, Bulgaria
Correspondence: Mark Muscat (mms@euro.who.int)

Citation style for this article: 
 Muscat M, Marinova L, Mankertz A, Gatcheva N, Mihneva Z, Santibanez S, Kunchev A, Filipova R, Kojouharova M. The measles outbreak in Bulgaria, 2009–2011: An 
epidemiological assessment and lessons learnt. Euro Surveill. 2016;21(9):pii=30152. DOI: http://dx.doi.org/10.2807/1560-7917.ES.2016.21.9.30152 

Article submitted on 12 January 2015 / accepted on 12 June 2015 / published on 03 March 2016

Measles re-emerged in a nationwide outbreak in 
Bulgaria from 2009 to 2011 despite reported high vac-
cination coverage at national level. This followed an 
eight-year period since the last indigenous cases of 
measles were detected. The Bulgarian National Centre 
of Infectious and Parasitic Diseases collated measles 
surveillance data for 2009–2011. We analysed data 
for age group, sex, ethnicity, diagnosis confirmation, 
vaccination, hospitalisation, disease complications, 
and death and describe the outbreak control measures 
taken. The outbreak started in April 2009 following 
an importation of measles virus and affected 24,364 
persons, predominantly Roma. Most cases (73%) were 
among children < 15 years old. Vaccination status was 
available for 52% (n  =  12,630) of cases. Of children 
1–14 years old, 22% (n  =  1,769) were unvaccinated 
and 70% (n = 5,518) had received one dose of a mea-
sles-containing vaccine. Twenty-four measles-related 
deaths were reported. The Roma ethnic group was 
particularly susceptible to measles. The magnitude of 
the outbreak resulted primarily from the accumulation 
of susceptible children over time. This outbreak serves 
as a reminder that both high vaccination coverage and 
closing of immunity gaps across all sections of the 
population are crucial to reach the goal of measles 
elimination.

Introduction
One of the largest outbreaks of measles in the World 
Health Organization (WHO) European Region in recent 
years occurred in Bulgaria from 2009 to 2011 and 
mostly affected Roma communities. The outbreak was 
first detected in spring 2009 after an eight-year period 
since the last indigenous measles cases were reported 
in 2001 [1]. The last major outbreak in Bulgaria occurred 
in 1991–1992 affecting over 20,000 persons [2].

By December 2009, two preliminary reports on the out-
break were published in the scientific literature [3,4]. 
Here we provide an overview of the measles outbreak 
in Bulgaria by analysing measles surveillance data 
for the whole outbreak period of 2009–2011. We also 
describe the control measures taken and discuss les-
sons learnt in relation to the WHO European Regional 
goal of eliminating measles by 2015 [5].

The measles vaccine was introduced in Bulgaria in 1969 
as a monovalent preparation [6]. A two-dose schedule 
began in 1983. The combined measles-mumps-rubella 
(MMR) vaccine has been given as the first dose at 13 
months of age since 1993, and as the second dose at 12 
years of age since 2001. For 2003–2008, the estimated 
national vaccine administrative coverage with the first 
MMR vaccine dose ranged from 94.7% to 96.2%, and 
for the second dose, from 89.4% to 94.3% [7].

Bulgaria forms part of the Balkan Peninsula in south-
eastern Europe and consists of 28 administrative 
regions. The latest census carried out in 2011 reported 
a population of 7,364,570, consisting of three main 
ethnic groups: Bulgarians (84.8%), Turks (8.8%) and 
Roma (4.9%). According to these official statistics, 
the Roma ethnic group numbers 325,343 persons dis-
tributed in all regions, but mainly in Montana (12.7% 
of population), Sliven (11.8%), Dobrich (8.8%) and 
Yambol (8.5%) [8].

Methods

Epidemiological data
The surveillance of measles in Bulgaria relies on pas-
sively reported cases. Measles has been a statu-
tory notifiable disease since 1921 [9], and medical 
practitioners and medical laboratories are obliged to 
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immediately report suspected measles cases to the 
respective Regional Health Inspectorate (RHI) [10]. The 
RHIs are responsible for the epidemiological investiga-
tion of cases, tracing contacts of cases, undertaking 
control measures in affected families and communities 
and following up cases to register disease outcome. 
In 2005, the European Union case definition and case 
classification were adopted for reporting measles sur-
veillance data [11].

During the outbreak period 2009–2011, case-based 
data were submitted by all 28 RHIs to the Department of 
Epidemiology and Communicable Disease Surveillance 
of the National Centre of Infectious and Parasitic 
Diseases (NCIPD) in Sofia. In October 2009, a web-
based system for direct case-based data entry by the 
RHIs was implemented, gradually replacing previous 
manual methods of data collection and submission.

Case-based reports provided data for disease onset 
dates, date of birth, sex, diagnosis confirmation (i.e. 
laboratory-confirmed, epidemiologically linked and 
clinically compatible cases), vaccination, hospitalisa-
tion, complications and death. Information on vaccina-
tion status was obtained from patient immunisation 
cards whenever such cards were available. The inves-
tigators of the outbreak estimated the number of cases 
in Roma in parallel to routine data collection. We ana-
lysed surveillance data of cases with disease onset 

from 2009 until 2011 and separated the data by speci-
fied age groups.

Laboratory data
Laboratory confirmation of cases was carried out by 
detecting measles IgM antibodies in serum samples 
submitted mainly to the National Reference Laboratory 
of the NCIPD and, to a lesser extent, to the laboratories 
of three regional military hospitals. Clinical specimens 
of 20 laboratory-confirmed cases were submitted to 
the WHO European Regional Reference Laboratory for 
Measles and Rubella at the Robert Koch Institute in 
Berlin, Germany to determine the genotype of the mea-
sles virus (MV) circulating during the outbreak and to 
identify the likely origin of the virus. The specimens 
were taken from case-patients in different regions at 
various points in time (April 2009, May 2009, January 
2010, June 2010 and January 2011). Serum was sent 
for confirmatory testing, and urine specimens and 
throat swabs were submitted for virus detection, 
sequencing and genotyping of the MV RNA following 
standard instructions [12]. IgM and IgG serology tests 
were carried out as described by Tischer et al. [13] 
and genotyping was performed according to the WHO 
recommendation [14]. Sequences were aligned using 
ClustalW [15] and further analysed using SeqScape 2.5 
and MEGA 4.0 DNA analysis software [16]. Phylogenetic 
trees were constructed using the neighbour-joining 
method. Genotype assignment was performed by 

Figure 1

Number of reported measles cases by month of onset of rash, Bulgaria, 2009–2011 (n = 24,364)
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Figure 2
Incidence of measles cases by region in Bulgaria, 2009–2011
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phylogenetic comparison with the MV reference strains 
as designated by WHO [17]. The obtained sequence 
data, genotype information and the official WHO MV 
sequence name and relevant epidemiologic data were 
submitted to the WHO database, Measles Nucleotide 
Surveillance (MeaNS) database [18] and GenBank.

Incidence and case-fatality calculations
Incidence was calculated with the number of measles 
cases as the numerator and the country and region 
population, obtained from the National Statistical 
Institute, as the denominator [19]. Unless other-
wise specified, we expressed incidence per 100,000 
inhabitants per year, and cumulatively for the three-
year period 2009–2011. Case-fatality ratio (CFR) was 
expressed as the number of measles-related deaths 
per 100 cases for the three-year period 2009–2011.

Ethical approval or informed consent was not consid-
ered to be necessary for this analysis since the data 
were collated under the Ministry of Health’s Regulation 
21 on epidemiological surveillance and control of com-
municable diseases in Bulgaria [10].

Results
Overall, 24,364 cases of measles were recorded 
between April 2009 and December 2011 corresponding 
to a cumulative incidence of 326 per 100,000 inhabit-
ants over the three-year period. The outbreak reached 
its peak by March 2010 (monthly incidence: 73 per 
100,000 inhabitants) when all 28 regions of Bulgaria 
were affected (Figure 1). Figure 2 shows the incidence 
of measles by region and by year, 2009–2011. During 

the three-year period of the outbreak, the highest 
incidence (> 500 cases/100,000 inhabitants) was reg-
istered in the regions of Sliven (838.8/100,000 inhab-
itants), Montana (716.7), Yambol (689.5), Haskovo 
(681.8), Pazardjik (556.1) and the Sofia region (523.0).

Of the total, 3,958 cases (16%) were laboratory-con-
firmed by detecting measles IgM antibodies in serum 
samples, 8,233 (34%) cases were epidemiologically 
linked to a laboratory-confirmed case and 12,173 (50%) 
cases were classified as clinically compatible cases.

Of the total, 12,472 (51%) were males. The median age 
of the cases was seven years (range: one day to 71 
years). Infants had the highest age-specific incidence 
per 100,000 inhabitants of 5,457 followed by 2,008 in 
children aged one to four years. Table 1 shows the age 
distribution of cases. Data on vaccination status were 
available for 52% (n = 12,630) of all reported cases 
(Table 2). Of the cases vaccinated with one MMR vac-
cine dose (n = 6,167; 49%), 11% (n = 656) were vacci-
nated within 14 days before onset of disease.

Of the total, 21,821 (89.6%) cases were estimated to 
occur among Roma. Indeed, the outbreak was first 
detected in April 2009 among the Roma community 
in the north-eastern part of the country involving the 
regions of Razgrad, Shumen, Silistra and Dobrich. The 
index case was identified as member of the Roma com-
munity aged between 20 and 30 years, who fell ill in 
March 2009, a few days after returning home from 
Hamburg, Germany. Initial symptoms included high 
fever, cough, coryza and malaise followed by the devel-
opment of a rash three days later. The clinical suspi-
cion of measles was confirmed by serological tests. 
Three of the index case’s family members subsequently 
acquired laboratory-confirmed measles. At the outset, 
the detection of further cases was delayed.

Mortality, hospitalisation and complications
Measles-related deaths were recorded in 24 patients 
(14 laboratory-confirmed, five epidemiologically 
linked, and five clinical cases), corresponding to a CFR 
of 0.1 per 100 measles cases. The deaths occurred as 
a consequence of severe complications of measles: 19 
cases (79%) suffered acute pneumonia and five cases 
(21%) suffered acute encephalitis. The median age at 
death was 1.71 years (range: 32 days–54 years). Infants 
and cases aged ≥ 25 years had a higher CFR (0.28% and 
0.2%, respectively) compared with cases aged 1–24 
years (0–0.09%). All deaths, with the exception of two 
cases of Bulgarian ethnicity aged between 40 and 49 
years of age, occurred in Roma.

Data on hospitalisation status were available for 92% 
(n = 22,296) of cases, of whom 86% (19,167) were hos-
pitalised. Among those hospitalised, 88% (16,854) 
were aged < 19 years. Information on measles-related 
complications was reported in 86% (21,039) of cases, 
of whom 38% (8,074) reported complications (Table 3).

Figure 3
Phylogenetic relationship between the World Health 
Organization reference strain of measles virus genotype 
D4 (MVs/Montreal.CAN/89-Ref-[D4]) and MV strains 
detected in measles outbreak in Bulgaria, 2009–2011
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Measles virus (MV) strains detected in Bulgaria are shown in bold. 
The World Health Organization-named strains of MV genotype 
D4 (MVs/Enfield.GBR/14.07, MVs/Manchester.GBR/10.09 and 
MVs/Hamburg.DEU/03.09) circulating in Europe in the same 
period are also included. The unrooted tree is based on the 456 
nt sequence encoding the C-terminus of the MV N gene. The 
phylogenetic distance scale bar indicates estimated changes per 
nucleotide.
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Molecular typing
All three nucleotide (nt) sequences of the variable 
part of MV N-gene (456 nt) derived from the three 
household contacts of the index case (MVs/Shumen.
BGR/15.09/1–3 [D4]) were identical to D4-Hamburg 
(MVs/Hamburg.DEU/03.09). D4-Hamburg showed a 
sequence deviation of one nt from D4-Enfield (MVs/
Enfield.GBR/14.07/[D4]), which was endemic in the 
United Kingdom between 2007 and 2009 [20,21].

The sequences derived from samples collected from 
four further cases later in 2009 are represented by 
MVs/Silistra.BGR/21.09/1–4 [D4]. In 2010, specimens 
from different parts of the country were collected and 
evaluated: from south-western (MVs/Blagoevgrad.
BGR/02.10/1 [D4], central (MVs/Plovdiv.BGR/03.10/1–6 
[D4] and northern Bulgaria (MVs/VelikoTarnovo.
BGR/10.11/1-2 [D4]). Nineteen out of the 20 laboratory-
confirmed cases that submitted clinical specimens for 
further laboratory analysis showed the sequence vari-
ant D4-Hamburg (Figure 3). MVs/Plovdiv.BGR/23.10/6 
[D4] was characterised by a sequence deviation of one 
nt, probably as a result of mutation.

Outbreak control measures

Outbreak management
The local health authorities implemented several 
control measures in line with the Bulgarian National 
Programme for the Elimination of Measles and 
Congenital Rubella Infection (2005–2010) [22]. The 
same month the outbreak was detected persons of 
Roma ethnicity living in the first-affected north-eastern 
regions of the country aged between 13 months and 30 
years were targeted for immunisation with one dose 
of MMR vaccine. In February 2010, the campaign was 
extended to a national level targeting persons aged 13 
months to 20 years who had not received two MMR vac-
cine doses. From the end of March 2010, the vaccine was 
available on request to all persons aged 30 years and 
older who had not received two MMR vaccine doses. 
Throughout the outbreak period, healthcare workers 
were offered a dose of MMR vaccine, irrespective of 

their immunisation status or age. Between April 2009 
and December 2010, 188,700 MMR vaccine doses were 
administered free of charge by the Ministry of Health 
(MoH) through routine immunisation services.

Special outreach teams composed of local epidemi-
ologists and health inspectors in collaboration with 
Roma health mediators (RHM) were deployed to vac-
cinate Roma communities. RHM are usually young 
adult members of the Roma community who are spe-
cially educated in the health field and trained to liaise 
between the community and healthcare facilities [23]. 
RHM assisted vaccination teams by improving commu-
nication between the team members, and leaders and 
members of the Roma community; by informing Roma 
leaders and parents of the benefits of vaccinations and 
by facilitating the transport of children to immunisation 
centres.

The MoH recommended that patients with measles 
living in crowded households be admitted to hospi-
tal to ensure better conditions for treatment and care 
and to minimise the spread of the disease in the poor 
neighbourhoods.

Outbreak communication
Activities to increase awareness of the outbreak among 
the public and healthcare professionals were under-
taken. When the outbreak started spreading beyond 
the north-eastern part of Bulgaria, the MoH issued a 
press release on the emerging outbreak, and provided 
information on the surveillance and immunisation 
activities. The MoH website also provided regularly 
updated information. Information leaflets were also 
distributed to the general population, and specifically 
to Roma, via their religious and community leaders. 
Information packages including a description of mea-
sles, updates on the status of the outbreak and a call 
to the public to be vaccinated were also regularly sup-
plied to the media.

The MoH distributed official circular letters to medical 
professionals in April 2009, August 2009 and February 
2010. Medical professionals were requested to pay 
special attention to patients presenting with rash and 
fever, to reach out to parents to explain the benefits of 
vaccination, and to ensure timely routine MMR vaccina-
tion of children.

Additional measures
The MoH regularly informed the WHO Regional Office 
for Europe and the European Centre for Disease 
Prevention and Control (ECDC) on the outbreak situ-
ation and measures taken to mitigate it. In February 
2010, experts from both organisations worked closely 
with the Bulgarian public health authorities to assess 
the outbreak and potential risk for further spread 
beyond the country, to review the current vaccination 
strategies and MMR vaccine supplies in the country for 
efficient control measures and to provide guidance on 
long-term strategies that address vaccination among 

Table 1
Age distribution of measles cases (n = 24,364) and 
measles-related deaths (n = 24), Bulgaria, 2009–2011
 

Age group (years)

No. of cases 
(n = 24,364) 

(% of total reported 
cases)

Deaths 
(n = 24)

Case-fatality 
ratio %

< 1 3,891 (16) 11 0.28
1–4 5,858 (24) 5 0.09
5–9 3,473 (14) 2 0.06
10–14 4,706 (19) 1 0.02
15–19 3,167 (13) 1 0.03
20–24 1,246 (5) 0 0
≥ 25 2,023 (8) 4 0.20
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vulnerable populations. Timely communication through 
these organisations alerted other countries to respond 
to any imported cases. In spring 2010, Bulgaria used 
the opportunity of the 2010 European Immunisation 
Week to advocate for and gain high-level political com-
mitment to immunisation.

Discussion
Our assessment of the outbreak relied on data col-
lected though routine surveillance based on passively 
reported cases. Such systems are notorious for under-
reporting and incompleteness of data. On the other 
hand, some over-estimation of cases may have occurred 
since half of these were not confirmed by laboratory 
testing or were epidemiologically linked, and patients 
with other rash- and fever-like illnesses may have been 
wrongly reported as measles cases. Furthermore, since 
there are no provisions for data collection by ethnic-
ity, the investigators could only estimate the number 
of Roma cases based on their observations. Moreover, 
our analysis on vaccination status was limited to the 
48% of cases with data on this variable. Despite these 
limitations, the data we present strongly indicate that 
the Roma ethnic group was particularly susceptible 
to measles. Measles outbreaks have also emerged in 
Roma communities in other European countries [24-
27]. As in Bulgaria, their vulnerability was brought to 
light when the MV was imported from abroad.

Similar to the measles outbreak in neighbouring 
Greece in 2005–2006 [25], sub-optimal immunisation 
coverage among Roma children largely contributed to 
this outbreak. A cross-sectional survey of coverage 
with routine immunisations in children born in 2006 in 
the region of Sofia showed that out of 324 Roma chil-
dren eligible for immunisation, only 68.8% (n = 223) 
received the first MMR vaccine dose [28].

According to a seroprevalence survey that included 
1,666 individual samples collected in 2001–2004, 
Bulgaria was one of several European countries that 
had not met the WHO targets for measles susceptibility 
[29]. For the 2–4 and 5–9 year-old age groups, 30.4% 
and 25.9% respectively, were seronegative for measles. 
The WHO susceptibility targets for these consecutive 
age groups are < 15% and < 10% [30]. A seroprevalence 

survey on 249 hospitalised non-measles patients 
aged ≤ 65 years conducted in 2008 by NCIPD in Burgas, 
Bulgaria, revealed that 51 patients (20.5% (95% CI 
15.6–27.0%)) were measles IgG-negative [31]. These 
results suggest that the population susceptibility to 
measles at national level is probably higher than that 
indicated by the reported minimum of 94.7% immuni-
sation coverage for the first dose of routine measles 
vaccination for 2003–2008 [7]. In Bulgaria, immuni-
sation coverage is estimated using the administrative 
method as a proportion of the number of routinely 
administered vaccine doses by eligible birth cohorts of 
the previous year. An overestimation of the coverage 
may have resulted if the denominator did not include 
all the population targeted for vaccination. Lack of 
registration of Roma children with a healthcare facility 
has, indeed, been documented [32].

The magnitude of the outbreak underlined the sub-
stantial number of susceptible children that had accu-
mulated gradually since the last major nationwide 
outbreak in 1991–1992. During the health reforms of 
the 1990s there were a number of challenges in ensur-
ing access to quality child health services, including 
immunisation, to the Roma minority [33]. In addition, 
since primary vaccine failure is reported to occur in 
2–5% of vaccinated children after the first measles-
containing vaccine (MCV) dose given at 12 months of 
age [34], the accumulation of non-responders to the 
first MCV dose probably also contributed to the pool 
of susceptible individuals. This also explains, at least 
in part, the relatively large proportion (49%, n = 6,167) 
of cases reported having received one MCV dose, since 
in Bulgaria, the second dose is not given until 12 years 
of age. Other potential contributing factors may include 
incorrect documentation on vaccination status and 
issues with the cold chain. Nonetheless, 11% (n = 656) 
of these cases developed measles within 14 days of 
vaccination, which was probably administered as part 
of the outbreak control measures while they were in 
the incubation period following infection with MV.

Roma communities are often separated from the main-
stream of social and economic life in segregated, 
often crowded, neighbourhoods; however, there is 
intensive contact between the different communities. 

Table 2
Measles cases with known vaccination status, Bulgaria, 2009–2011 (n = 12,630)
 

< 1 year (n = 3,296) 1–4 years 
(n = 3,549)

5–9 years 
(n = 2,034

10–14 years 
(n = 2,327)

15–19 years 
(n = 1,179)

≥ 20 years 
(n = 245)

Total 
(n = 12,630)

Unvaccinated 3,274 99.3% 1,357 38.2% 223 11.0% 188 8.1% 120 10.2% 63 25.7% 5,225 41.4%
Vaccinated 
with single 
dose

19 0.6% 2,085 58.7% 1,660 81.6% 1,773 76.2% 541 45.9% 89 36.3% 6,167 48.8%a

Vaccinated 
with at least 
two doses

3 0.1% 107 3.0% 151 7.4% 366 15.7% 518 43.9% 93 38.0% 1,238 9.8%

a Of the cases vaccinated with one MMR vaccine dose (n = 6,167), 11% (n = 656) were vaccinated within 14 days before onset of measles.
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This explains the widespread transmission across the 
country, and also beyond its borders. Between 2009 
and 2011, MV variant D4-Hamburg appeared in several 
European countries. The spread of the MV was mostly, 
but not exclusively, associated with travelling mem-
bers of the Roma ethnic group [35].

Poor maternal education was shown to be a risk factor 
for the development of measles-related complications 
[36]. However, the high proportion of hospitalised 
cases reflects the MoH’s recommendation to hospital-
ise measles patients living in poor conditions. While 
this measure may have benefitted patients admitted 
to hospital, its impact in limiting the spread of dis-
ease in the Roma community is difficult to estimate. 
Inadvertently, it probably intensified nosocomial trans-
mission [37]. During this outbreak, MV transmission 
occurred in several healthcare settings and health-
care workers emerged as a group at risk of acquiring 
measles. This necessitates clear recommendations to 
adhere to infection control measures in healthcare set-
tings and to ensure healthcare workers are adequately 
protected.

The Bulgarian health authorities implemented the 
necessary control measures with coordination, sup-
port and directives from the MoH. Regular communica-
tion with the WHO Regional Office for Europe and the 
ECDC allowed transparency, dialogue and advice to be 
sought. The large number of reported cases posed a 
major challenge to the surveillance system that relied 
on time-consuming manual methods of data collection 
and submission. With the support of the WHO Regional 
Office for Europe these methods of data collection 
were replaced by a web-based system allowing direct 
and timely case-based data entry by the RHIs.

The RHIs played a key role in executing control meas-
ures despite financial and human resource limitations. 
Supplementary immunisation activities were instigated 
to first target Roma in the affected regions and later 
the general population. Concurrently, healthcare pro-
fessionals were urged to strengthen routine immunisa-
tion services. Despite these efforts, the initial control 
measures were arguably not implemented rapidly and 

widely enough to curb the outbreak. The clinicians’ 
unfamiliarity with the disease probably contributed to 
the delay in detecting cases and subsequent response 
to the first cases. Nevertheless, resources permitting, 
a nationwide vaccination campaign targeting all infants 
aged nine months and older, children and young adults 
would probably have curtailed the outbreak sooner.

The outbreak in Bulgaria has served to further develop 
national and local programmes in collaboration with 
Roma organisations with the aim of integrating better 
the Roma community into the health system. Bulgaria 
was one of the first countries in the WHO European 
Region to launch the Guide to Tailoring Immunisation 
Programmes that resulted in several efforts to be 
undertaken, such as improving curricula and training of 
RHM across the country [38-40]. In addition, Bulgaria 
participated in a European collaborative project, Let’s 
Talk About Protection, which aims to communicate 
effectively and address patients’ concerns on vaccine 
topics [41]. This has resulted in the publication of a 
practical guide to vaccination adapted to the context in 
Bulgaria, and intended for use by healthcare workers 
and visual aid material in the form of handy flip charts 
for general practitioners and RHM [42].

The outbreak serves as another reminder to all coun-
tries of the WHO European Region of their commit-
ment to eliminate measles [43]. To reach this goal 
every country needs to ensure that their immunisation 
programmes achieve and maintain high vaccination 
coverage (≥ 95%) with two MCV doses, while also iden-
tifying and closing immunity gaps across all population 
segments.

In conclusion, a nationwide outbreak of measles in 
Bulgaria during 2009–2011 resulted from the accu-
mulation of a large susceptible population despite 
reported high measles vaccination coverage at national 
level. The outbreak particularly highlighted the vulner-
ability of Roma communities in Bulgaria to measles. In 
addition to low coverage among Roma, accumulation 
of non-responders to the first MCV dose could have 
also contributed to the pool of susceptible individuals. 
The development and implementation of strategies to 
identify susceptible individuals and close immunity 
gaps across all segments of the population are of vital 
importance in relation to reach the measles elimination 
goal.
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On 29 February 2016, the World Health Organization 
(WHO) released its first surveillance guide for hepati-
tis, ‘Technical considerations and case definitions to 
improve surveillance for viral hepatitis’ [1]. The docu-
ment outlines key actions for improving hepatitis sur-
veillance systems, and provides case definitions for 
viral hepatitis surveillance.

Viral hepatitis is a global public health problem of epi-
demic proportions and according to the Global Burden 
of Disease study [2], it causes approximately 1.46 mil-
lion deaths each year. New infections caused by the 
five known hepatitis viruses – A, B, C, D and E (HAV, 
HBV, HCV, HDV and HEV) can be prevented; however, 
this relies on surveillance systems generating epide-
miological information which is key in preventing and 
controlling hepatitis epidemics.

In recognition of the burden of viral hepatitis on global 
health, the World Health Assembly adopted resolutions 
in 2010 and 2014 [3,4] that called for a comprehensive 
approach to the prevention and control of viral hepati-
tis and mandated WHO to work closely with its Member 
States to develop the necessary guidelines for the sur-
veillance, prevention and control of viral hepatitis.

In response, WHO developed these technical consid-
erations that aim to help develop or strengthen the col-
lection, analysis and reporting of data related to viral 
hepatitis.
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