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We describe the dynamics of Zika virus (ZIKV) infec-
tion in a man in his early 40s who developed fever and 
rash after returning from Haiti to Italy, in January 2016. 
Follow-up laboratory testing demonstrated detectable 
ZIKV RNA in plasma up to day 9 after symptom onset 
and in urine and saliva up to days 15 and 47, respec-
tively. Notably, persistent shedding of ZIKV RNA was 
demonstrated in semen, still detectable at 181 days 
after onset.

A patient, who developed fever and rash after return-
ing from Haiti to Italy, was diagnosed with Zika virus 
(ZIKV) infection in January 2016. Longitudinal follow-up 
laboratory testing was performed to characterise ZIKV 
RNA and antibody dynamics during acute infection. A 
relevant finding in this case was the persistent shed-
ding of ZIKV RNA in semen for six months after symp-
tom onset.

Case report
In January 2016, a man in his early 40s returning to Italy 
from a two-week stay in Haiti developed fever (38.5 °C) 
and pruritic maculopapular rash on his trunk and arms 
that fully resolved after three days. The patient, who 
reported mosquito bites in Haiti, had an unremark-
able past personal medical history. Laboratory analy-
ses, performed at day 3 after symptom onset, showed 
blood cell count and liver function tests within the nor-
mal range. Testing for dengue, chikungunya and ZIKV 
infection, according to previously described methods 
[1], demonstrated the presence of ZIKV RNA in plasma 
and urine at 175 copies/mL and 25,600 copies/mL, 
respectively, and ZIKV-specific IgM but not IgG anti-
bodies. Dengue virus (DENV) IgG antibodies were also 
detected by ELISA, but they represented cross-reacting 
antibodies induced by previous vaccination against 
yellow fever virus, as confirmed by virus neutralisation 
assays; DENV IgM, DENV NS1 antigen and chikungunya 

virus IgM and IgG were negative. Sequencing of the 
full ZIKV genome was obtained directly from a urine 
sample collected at diagnosis (GenBank KX269878), 
which demonstrated over 99.6% nucleotide sequence 
identity with ZIKV strains circulating in Haiti (GenBank 
KU509998 and KX051563).

Follow-up evaluation
Based on these findings, a diagnosis of ZIKV infection 
was made. The patient was informed about the risk of 
sexual transmission of ZIKV and was advised to adopt 
safer sex practices. Further laboratory testing was per-
formed at five days post onset of symptoms, which 
demonstrated the presence of ZIKV RNA also in saliva 
(58,700 copies/mL) and semen (175 copies/mL), while 
stool samples and a conjunctiva swab were negative. 
The patient did not report haematospermia or prosta-
titis. The patient was invited to participate in a follow-
up evaluation of ZIKV RNA kinetics in various bodily 
fluids and of ZIKV-specific antibodies in serum. During 
follow-up, saliva and urine samples were collected 
daily, while blood and semen samples were collected 
at least weekly. Follow-up visits for clinical evaluation 
and counselling were performed weekly. Follow-up is 
still ongoing at the time of this report, with the latest 
evaluation performed on day 181 after symptom onset.

During follow-up, laboratory testing (Figure) demon-
strated that viral RNA was detectable in his plasma at 
low titre (ca 100 copies/mL) up to day 9 after symptom 
onset. Viral load in urine was higher than in blood (ca 
25,000 copies/mL), but rapidly decreased to unde-
tectable levels at two weeks after symptom onset. 
Shedding of ZIKV RNA in saliva persisted up to day 47, 
at a median load of 400 copies/mL (range: 80–3,300), 
after peak values of 20,000–50,000 copies/mL during 
the first week after symptom onset. It is noteworthy 
that ZIKV RNA shedding in semen was sustained and 
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persistent, and still detectable at day 181 after symp-
tom onset. In particular, after a peak of ca 50,000 cop-
ies/mL at day 14, viral RNA load in semen was stable in 
consecutive specimens, ranging from 1,000 to 10,000 
copies/mL (Figure, panel A). Separation by centrifuga-
tion of cellular and plasma fractions showed that viral 
RNA was associated with the cellular component of 
semen, while undetectable in seminal plasma. Positive 
ZIKV real-time RT-PCR results were confirmed by repeat 
testing and by analysis with alternative methods, i.e. 

a LightMix Modular Zika Virus kit (Roche Diagnostics, 
Basel, Switzerland), broad-range pan-flavivirus RT-PCR 
followed by Sanger sequencing [2] and Sanger sequenc-
ing of the viral genome.

Virus isolation in cell culture was attempted with ZIKV 
RNA-positive serum, urine, saliva and semen speci-
mens collected within the first two weeks after symp-
tom onset, but no infectious ZIKV was recovered.

Figure 
Clinical and laboratory findings in a patient with Zika virus infection returning from Haiti to Italy, January 2016
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Finally, ZIKV IgG antibodies appeared at 13 days after 
symptom onset, while IgM antibodies were already 
present at the time of the first evaluation at day 3 
and become negative at day 90 (Figure, panel B). 
Neutralising antibodies were detected at day 20 and 
reached a peak titre of 1:358 at day 62 (Figure, panel 
C).

Background
Zika virus is an emerging mosquito-borne flavivirus 
that has spread in the Americas. By early February 
2016, 500,000 to 1,500,000 cases of ZIKV disease were 
estimated to have occurred in Brazil since the begin-
ning of the outbreak [3]. Association of the infection 
with Guillain–Barré syndrome and fetal microceph-
aly led the World Health Organization to declare the 
2015–16 outbreaks of ZIKV infection in the Americas a 
public health emergency of international concern [4]. 
Besides mosquito-borne transmission, several cases 
of sexual transmission of the virus have been docu-
mented, related to viral shedding in semen [5-7]. Cases 
with prolonged shedding of ZIKV in semen have been 
reported, up to 62 days [8], 76 days [7] and 93 days [9] 
after symptom onset. Infectious virus has been recov-
ered in semen up to 24 days [5] and cases of sexual 
transmission occurring weeks after the index case 
have been described [10]. Detection of ZIKV RNA in 
vaginal fluids and cervical mucus during acute infec-
tion has been reported [11], indicating a potential risk 
for female-to-male sexual transmission.

Discussion
A remarkable aspect of this case was the long duration 
of viral nucleic acid shedding in semen (still detectable 
in semen at 181 days after symptom onset). Moreover, 
testing of serial samples allowed us to characterise 
the pattern of ZIKV shedding in semen and other bod-
ily fluids during the course of infection. In addition to 
semen, viral RNA was detectable for a long period also 
in saliva, as previously described in another patient [1], 
notwithstanding the rapid induction of ZIKV-specific 
IgM and IgG antibodies and high-titre neutralising 
antibodies. The mechanisms of ZIKV persistence in the 
human host, the cellular reservoirs involved, as well 
as the mechanisms of viral clearance are still unknown 
and should be investigated.

Since ZIKV infection may be transmitted through sex-
ual intercourse [5-7], data from this case suggest a 
prolonged potential for sexual transmission. However, 
the presence of ZIKV RNA in semen does not imply the 
presence of infective virus – it could just represent a 
trace of past infection. 

The results of this study may have potential implica-
tions for preconception counselling recommendations. 
According to the current recommendation of the United 
States Centers for Disease Control and Prevention, men 
who have had a diagnosis of ZIKV disease and do not 
reside in an area with active ZIKV transmission should 
wait for at least six months after symptom onset before 

attempting conception [12]. This interval was recom-
mended based on information regarding persistence of 
ZIKV RNA in semen thus far available and allowed for 
three times the longest period that ZIKV RNA had been 
detected in semen after symptom onset (62 days) [12]. 
Similar recommendations have been released by WHO, 
which advise male travellers returning from areas of 
known ZIKV transmission to adopt safer sex practices 
and wait at least eight weeks (six months if sympto-
matic) before trying to conceive [13]. At the light of this 
new evidence on long-term ZIKV RNA persistence in 
semen, an extension of this interval might be consid-
ered or ZIKV RNA testing in semen after the eight-week 
or six-month period might be advised.

The pattern of ZIKV shedding in semen is largely 
unknown [14]. In the case reported here, longitudinal 
sampling showed continuous shedding of ZIKV RNA at 
a stable and relatively high load. This finding would 
support ZIKV RNA testing is semen samples to detect 
infection, as proposed also by WHO guidance [13]. 
However, if a first result is negative, testing of at least 
an additional semen sample should be recommended 
before excluding infection, because of the risk of false-
negative results, as shown in the case described here 
(Figure, panel A).

The risk of sexual transmission of ZIKV seems to be 
associated with excretion of ZIKV at high viral load 
during the early phase of infection [5,8,15,16], but 
cases of late sexual transmission [10] as well as trans-
mission between asymptomatic individuals [17] have 
been also reported. In the case described here, ZIKV 
RNA load was low in semen samples collected three 
months after symptom onset. Transmission with such 
a low level of ZIKV RNA in semen has not been estab-
lished, but cannot be ruled out. Thus, due to the lim-
ited available information, as a precautionary measure 
when issuing recommendations, the risk of transmis-
sion through sexual intercourse or gamete donation in 
the presence of low-level ZIKV nucleic acids in semen 
samples should not be overlooked, balancing the prin-
ciples of precaution and proportionality. Further stud-
ies are also warranted to establish the prevalence and 
duration of ZIKV shedding in semen, the risk of virus 
transmission through semen, and the cells targeted by 
ZIKV infection in the genital tract.
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A man in his early 30s reported in January 2016 a his-
tory of fever, asthenia and erythematous rash during 
a stay in Haiti. On his return to Italy, ZIKV RNA was 
detected in his urine and saliva 91 days after symp-
tom onset, and in his semen on day 188, six months 
after symptom onset. Our findings support the possi-
bility of sexual transmission of ZIKV and highlight the 
importance of continuing to investigate non-vector-
borne ZIKV infection. 

Case description and laboratory 
investigations
In the second half of January 2016, a previously healthy 
man in his early 30s reported to the National Institute 
of Infectious Diseases in Rome, Italy, a history of five-
day self-limiting febrile syndrome (< 38 °C) associated 
with asthenia and an erythematous rash during a stay 
in Haiti from mid-January to early February 2016. Zika 
virus (ZIKV) infection was diagnosed in Haiti by ZIKV-
specific IgM serology four days after symptom onset 
(Figure). He returned to Italy 14 days after symptom 
onset.

Dengue virus and chikungunya virus infections were 
ruled out following testing of serum and urine samples 
taken 17 days after symptom onset by both qualita-
tive real-time reverse transcription (RT)-PCR (RealStar 
Dengue RT-PCR Kit and RealStar Chikungunya RT-PCR 
Kit, altona Diagnostics, Germany) and serology (indi-
rect immunofluorescence assay (IFA), Arbovirus Fever 
Mosaic 2, IgM and IgG, Euroimmun, Germany). ZIKV 
serology (IFA, Arbovirus Fever Mosaic 2, Euroimmun) 
was positive: ZIKV IgM and IgG antibody titres were 
1:160 and 1:640, respectively. Serum ZIKV-specific 
neutralising antibodies were confirmed by microneu-
tralisation test [1]. ZIKV real-time RT-PCR (RealStar Zika 
Virus RT-PCR Kit, altona Diagnostics) in saliva was pos-
itive with a threshold cycle (CT) value of 36.4; serum 
and urine samples were both negative. 

Testing of convalescent sera taken 91 and 134 days 
after symptom onset were ZIKV real-time RT-PCR nega-
tive. On day 91, the test was positive for urine, saliva 
and semen samples, with CT values of 36.1, 35.4, and 
29.6, respectively. On day 134, only a semen sample 
was positive (CT: 32.5). At the subsequent follow-up, on 
day 188, a semen sample was again positive (CT: 30.2); 
the patient is still under evaluation. The patient was 
not affected by any chronic disease or immunological 
impairment. 

All samples were tested also using a pan-flavivirus 
NS5 nested RT-PCR (modified from [2]), followed by 
sequencing of the amplicons (data not shown) to 
exclude any sample mismatch. 

On day 91, ZIKV IgM and IgG titres were 1:40 and 
1:1,280, and on day 134, 1:20 and 1:2,560, respectively.
 
ZIKV isolation on Vero-E6 cells was attempted with all 
the collected samples. Briefly, bodily samples were 
diluted 1:5 in serum-free Dulbecco’s-modified Eagle’s 
medium (D-MEM) with antibiotics, inoculated into 
Vero-E6 cells that were 24 hours-old and then incu-
bated for 60 minutes at 37 °C. After incubation, D-MEM 
with 2% heat-inactivated fetal bovine serum was 
added. The cells were followed daily for the appearance 
of cytopathic effects. After seven days, the cells were 
subcultured by scraping them and adding fresh cells. 
Each blind subpassage (three times) was checked for 
the presence of ZIKV RNA by real-time RT-PCR. No ZIKV 
isolates were obtained from samples collected during 
the convalescent phase.

Throughout the course of the ZIKV infection, the 
patient always had protected sexual intercourse with 
his spouse, using condoms. His spouse did not report 
ZIKV-related symptoms, and as at 18 July 2016, her 
ZIKV serology was still negative. 
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Background
Zika virus is a single-stranded RNA virus (genus 
Flavivirus) mainly transmitted by the Aedes mosquito, 
as well as through sexual contact with symptomatic 
and, possibly, asymptomatic individuals [3,4]. This 
non-vector-related mode of transmission was first 
described in 2008 in the United States [5] and was 
then reported in several other countries [3,4,6,7].

ZIKV RNA can be detected in different bodily fluids with 
a wide range of viral loads, depending on the sam-
pling time since acute infection [8,9]. ZIKV from human 
semen samples has been isolated in African green 
monkey Vero cells [10] and higher viral loads have 
been detected in sperm compared with other bodily 
samples during the convalescent phase [11]. Previous 
reports have shown that ZIKV RNA has been detected 
in semen up to day 62 after symptom onset [12-14]. 
Taken together, these data suggest that virus could 
replicate specifically in the male genital tract and may 
persist in semen, with implications for potential male-
to-female sexual transmission, even in the absence of 
haematospermia.

Discussion
In previous reports, convalescent phase saliva and 
urine samples were positive by ZIKV real-time RT-PCR 
in 39 days after symptom onset [3,14].

For the case described here, detection of ZIKV RNA 
in urine and saliva 91 days after symptom onset and 
in semen up to day 134 might indicate a possible role 
played by other non-vector modes of transmission dur-
ing kissing or vaginal, oral and anal sex. Because of 
the lack of virus isolation from all the collected sam-
ples, we cannot definitively state that saliva, urine and 
semen represent a potential source of ZIKV that could 
be transmitted without a vector. During the outbreak in 
French Polynesia, ZIKV was more frequently detected 
in saliva than in blood after the first week from symp-
tom onset [13] and it was isolated on day 6 from the 
saliva of a patient during acute ZIKV infection [14]. No 
cases involving ZIKV transmission through biologi-
cal fluids other than semen have been reported, but 
potential transmission of ZIKV through saliva warrants 
investigation [15].

Figure 
Laboratory findings related to Zika virus infection in a traveller returning from Haiti to Italy, February–July 2016

0

Symptom
onset
day 0

ZIKV
lgM

positive
First sample in Italy

day 17
Second sample

day 91
Third sample

day 134

In Italy

(January) (February)

Type of test and sample

ZIKV real-time RT-PCR serum Neg Neg

Pos
(CT: 36.1)

Pos
(CT: 35.4)

Pos
(CT: 29.6)

Pos
(CT: 32.5)

Neg

Neg

Pos
(CT: 36.4)

NT

1:160 1:40 1:20

1:640 1:1,280

1:160 ≥1:320 ≥1:320

1:2,560

Neg

Neg

ZIKV real-time RT-PCR urine

ZIKV real-time RT-PCR saliva

ZIKV real-time RT-PCR  semen

IFA  ZIKV IgM titre

IFA ZIKV IgG titre

MNT antibody titre

aNumber of days after symptom onset.

Results

Day 17a Day 91a Day 134a

(April)

Number of days
after symptom

onset

(May)

In Haiti

1 2 3 4 5 16 17 18 19 20 21 22 87 88 89 90 91 92 93 94 132 133 134 135 136 137

Pos
(CT: 30.2)

NT

<1:20

NT

1:640

NT

NT

Day 188a

Fourth sample
day 188

(July)

185 186 187 188 189 190 191

CT: threshold cycle; IFA: indirect immunofluorescence assay; NT: not tested; Neg: negative; Pos: positive; RT-PCR: reverse transcription-PCR; 
ZIKV: Zika virus; MNT: microneutralisation test.



8 www.eurosurveillance.org

The detection of ZIKV RNA in semen up to day 134 might 
indicate a prolonged potential risk for sexual transmis-
sion, for a period longer than previously reported [12]. 
In reports of Ebola virus disease, suspected sexual 
transmission of Ebola virus occurred 179 days after 
onset of the disease [16] and Ebola virus RNA has been 
detected in semen for 4–6 months after disease onset 
in 43% of survivors [17].

The lack of isolation of ZIKV from the various biological 
samples of our patient, during the convalescent phase, 
is not unexpected. The high CT values found are con-
sistent with a low Zika viral load during the convales-
cent phase of infection, making it difficult to obtain 
viral cultures and thus sequence data. 

Because of prolonged detection of ZIKV RNA and isola-
tion of replication-competent virus in semen [11,13], the 
testes are considered an immunoprivileged replication 
site for ZIKV [18]. Seminal shedding of ZIKV seems to 
coincide with the duration of spermatogenesis (69–80 
days), suggesting a hypothesis of infection of sperm 
progenitors and viral shedding during the differentia-
tion process [18]. Our results showed the persistence 
of ZIKV RNA for 188 days after symptom onset, but this 
is not sufficient to support a hypothesis of ZIKV RNA 
being present in sperm progenitors until spermatozoa 
are fully differentiated and eliminated. Further stud-
ies are needed in order to understand persistence of 
ZIKV in semen and the potential risk of ZIKV sexual 
transmission.

Public health impact
The European Centre for Disease Prevention and 
Control and the World Health Organization recommend 
that all travellers returning from areas with ongoing 
ZIKV transmission should adopt safer sex practices or 
consider abstinence for at least eight weeks after their 
return [4,19]; if men have ZIKV-related symptoms, they 
should adopt safer sex practices or consider absti-
nence for at least six months.

Considering the 80% incidence rate of asymptomatic 
ZIKV infection [20], further studies are needed to 
assess viral persistence in asymptomatic men and the 
potential risk for sexual transmission and fetal abnor-
malities following infection during pregnancy. The 
prolonged genital shedding reported here may have 
implications for screening measures to detect ZIKV 
RNA for semen cryopreservation in sperm banks [21].
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During summer 2016, all the conditions for local 
mosquito-borne transmission of Zika virus (ZIKV) are 
met in mainland France: a competent vector, Aedes 
albopictus, a large number of travellers returning from 
ZIKV-affected areas, and an immunologically naive 
population. From 1 January to 15 July 2016, 625 persons 
with evidence of recent ZIKV infection were reported in 
mainland France. We describe the surveillance system 
in place and control measures implemented to reduce 
the risk of infection. 

From 1 January to 15 July 2016, 625 persons with evi-
dence of recent Zika virus (ZIKV) infection were reported 
in mainland France. This large influx of ZIKV-infected 
travellers reflects the current epidemic of ZIKV infec-
tion in the French departments and collectivities of 
the Americas – Martinique, Guadeloupe, Saint Martin, 
Saint Barthélemy and French Guiana [1] – and coincides 
with the activity period (May to November) of the vec-
tor Aedes albopictus in mainland France. Because of 
an increase in the number of travellers from the French 
departments and collectivities of the Americas dur-
ing the summer holidays, the risk of introduction and 

transmission of ZIKV in mainland France is at its height 
in the summer months of 2016. We describe the sur-
veillance system and control measures implemented in 
mainland France to reduce this risk, as well as some 
preliminary results.

Surveillance of Zika virus infection in 
mainland France
Surveillance of ZIKV infections has been integrated 
into the system implemented for chikungunya and den-
gue in mainland France, which has been in place since 
2006 [2]. The objectives of the surveillance are to detect 
imported or autochthonous cases early and to prevent 
local transmission by the early implementation of vec-
tor control measures. An additional specific objective 
for ZIKV surveillance is to identify ZIKV-infected preg-
nant women, in order to ensure enhanced follow-up of 
their pregnancies in specialised centres, and describe 
their pregnancy outcomes.

The surveillance system comprises several compo-
nents related to ZIKV infection:
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• nationwide year-round notification of probable and 
confirmed cases of ZIKV infection (in place since 1 
January 2016, mandatory since 5 June 2016);

• seasonal enhanced surveillance in administrative 
departments where the vector is established. From 1 
May to 30 November, when the vector is active, all sus-
pected imported cases must be immediately reported 
to the regional health authorities. Without waiting for 
laboratory confirmation, an entomological investiga-
tion is immediately carried out around the places vis-
ited by the patient during their likely viraemic period 
(defined as two days before until seven days after the 
onset of symptoms). According to the findings, appro-
priate vector control measures, comprising the elimina-
tion of larval breeding sites and spraying of larvicides 
(Bacillus thuringiensis israelensis) and adulticides 
(pyrethroids) [2,3], are implemented in an area of 200 m 
around these places;

• daily reporting from a network of laboratories of the 
results of Zika serological or RT-PCR tests to the French 
national public health agency. This allows catching 
up on confirmed cases which have not been reported 
through the notification system and the seasonal 
enhanced surveillance;

• notification of pregnancy outcomes for pregnant 
women infected by Zika virus, or possibly exposed 
to the virus through sexual or mosquito-borne 
transmission.

A suspected case of ZIKV infection is defined as a per-
son presenting with rash, with or without fever and at 
least two of the following: arthralgia, myalgia or con-
junctivitis/conjunctival hyperaemia, not explained by 
another medical condition. 

A probable case is a suspected case with anti-ZIKV IgM 
antibodies in serum sample(s). 

Cases are confirmed by serology (anti-ZIKV IgG anti-
bodies confirmed by plaque-reduction neutralisation 
test, or fourfold increase in IgG titre or seroconversion) 
or by detection of viral nucleic acids in body fluids 
(blood, cerebrospinal fluid, urine, semen, saliva, etc.) 
by reverse transcription (RT)-PCR.

To characterise ZIKV infection, information on patients’ 
demographics, recent travel history and exposure, 
clinical presentation and symptoms are collected for 
each confirmed case.

Since January 2016, the National Reference Centre for 
Arboviruses in Marseille has contributed to diagnostic 
capacities for ZIKV in hospital and private medical lab-
oratories by making available reference material, oper-
ating procedures and testing/diagnosis algorithms. 
The Ministry of Health has ensured the reimbursement 
of serology and RT-PCR tests for ZIKV, under certain 
conditions, through the National Health Insurance 
Scheme.

Cases of Zika virus infection in mainland 
France
From 1 January 2016 to 15 July 2016, 625 cases of ZIKV 
infection, 537 confirmed (86%) and 88 probable (14%), 
were reported (Figure 1).

Among the 625 cases, 617 (99%) reported recent travel 
to an area with active ZIKV transmission and 8 (1%) 
were infected after sexual intercourse with an infected 
traveller [4-6].

A total of 357 cases (57%) were female. The median age 
of the cases was 45 years (range: 2–84) (Table).

ZIKV infection was confirmed by detection of viral 
nucleic acids by RT-PCR in blood or urine for 487 (78%) 
cases, RT-PCR in blood or urine and serum IgM posi-
tivity for 36 cases (6%), seroconversion for two (0.3%) 
cases, detection of ZIKV RNA by RT-PCR in semen for 6 
cases (1%) and in cerebrospinal fluid for 1 case (0.2%) 
with meningoencephalitis, by detection of neutralis-
ing antibodies against ZIKV for 5 cases (0.8%). For 88 
(14%) cases, only a positive serological test (IgM) was 
available.

Clinical illness was reported in 570 cases (91%), 46 
(7%) are still under investigation to obtain clinical 
information and 7 (1%) were asymptomatic.

Figure 1
Cases of Zika virus infection by administrative 
department, mainland France, 1 January–15 July 2016 
(n = 625) 

Number of cases 
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Source: Santé publique France, French national public health 
agency, France, 2016.
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Among the seven asymptomatic cases, three were 
tested because of a planned medically assisted procre-
ation intervention (one woman, two men). One woman 
was tested because she had been in a ZIKV-epidemic 
area and wanted to get pregnant, one woman was 
tested during the investigation of an instance of likely 
sexual transmission of the virus and two women were 
tested because they had been exposed in an epidemic 
area and were pregnant. All asymptomatic cases were 
confirmed by detection of viral nucleic acids by RT-PCR 
(four in urine and three in blood).

Among the 570 cases with clinical illness, the most 
commonly reported signs or symptoms were rash 
(84%, n = 480), fever (64%, n = 367), arthralgia (64%, 
n = 367), myalgia (57%, n = 325) and headache (52%, 
n = 295). Only 20% (n = 112) reported conjunctivitis. 
Three cases had neurological complications: two had 
Guillain–Barré syndrome, one had meningoencephali-
tis [7].

Nine patients reported other neurosensitive symptoms 
including paraesthesia of the hands, arms or around 
the mouth (n = 4), hypoesthesia of the hands (n = 3), 
cutaneous hyperesthaesia (2/9).

Hospitalisation was required for 29 (5%) patients and 
there were no deaths. There were 16 pregnant women 
among the cases.

A majority (85%, n = 527) of confirmed imported cases 
of ZIKV infection were travellers returning from the 
French departments and collectivities of the Americas 
(327 from Martinique, 160 from Guadeloupe, 21 from 
French Guiana, 16 from Saint Martin and 3 from 
unspecified locations in the French departments and 
collectivities of the Americas). The remaining cases 
had returned from other Caribbean islands and Central 
or South American countries (Table).

On their return to mainland France, 185 (30%) had 
stayed in an Ae. albopictus-established area during the 

Figure 2
Establishment of Aedes albopictus in mainland France, by administrative department and year (2004–15), and number of 
cases of Zika virus infection since the start of the vector activity season, 1 May–15 July 2016 (n = 185)
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vector activity period (Figure 2), 84% (n = 156) of them 
were viraemic. The median delay between the onset 
of symptoms and date of return in an area with active 
vectors was two days (range: −7 to 10) with 82% (n = 
128) of cases staying in those areas during the entire 
period of viraemia. Entomological investigations led 
to the implementation of vector control measures for 
21% (32/156) of the cases. The median delay between 
onset of symptoms and implementation of vector con-
trol measures was 13 days (range: 4–58) and between 
notification and intervention 5 days (range: 2–38).

Before 2016, few imported cases of ZIKV infection were 
reported by the National Reference Centre in main-
land France, with the majority returning from French 
Polynesia. The number of imported cases stead-
ily increased in 2016, reflecting the epidemic in the 

French departments of the Americas [1,8] (Figure 3), 
as observed during the chikungunya virus outbreak in 
2014 [9].

Background
Zika virus is an emerging mosquito-borne flavivirus 
which typically causes mild disease. Since 2015, ZIKV 
has spread rapidly throughout the Americas, includ-
ing the French departments and collectivities [8], and 
revealed new ways of transmission and severe compli-
cations [10-12], including sexual transmission, congen-
ital malformations [13,14] and neurological syndromes 
[15]. By 5 August 2016, 43 countries and territories had 
confirmed local, vector-borne transmission of ZIKV in 
South and Central America since 2015 [16,17].

Figure 3
Imported cases of Zika virus infection in mainland France (weeks 4–27 2016a, n = 617), imported cases staying in an 
Aedes albopictus-established area in mainland France during the period of vector activity (weeks 18–27 2016b, n = 183) and 
estimated number of cases in the French departments and collectivities of the Americas (week 51 2015–week 26 2016c, 
n = 62,825)d
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Discussion
Although no local mosquito-borne transmission of 
ZIKV has been documented in mainland France to date, 
criteria for local mosquito-borne transmission of ZIKV 
are met: a population that is immunologically naive 
to the virus; a high probability of introduction of the 
virus by travellers returning from ZIKV-affected areas; 
and an established competent vector. The number of 
returning travellers is expected to further increase 
over the summer months (there are approximatively 2.5 
million passengers travelling by air between mainland 

France and Martinique, Guadeloupe and French Guiana 
annually [18]). In mainland France, as at 15 July 2016, 
156 (25%) cases were viraemic in an area where Ae. 
albopictus is established, during the period of vector 
activity. These cases have the potential to trigger local 
vector-borne transmission in the absence of appropri-
ate vector control measures. The findings of a study 
in Gabon suggest that Ae. albopictus played a major 
role in transmission of ZIKV of the African lineage [19]. 
However, under laboratory conditions, Ae. albopictus 
has a much lower competence for ZIKV amplification 
and transmission than Ae. aegypti (the ZIKV vector 
present in Americas) [20], and to date, no vector-borne 
transmission of ZIKV has been documented in Europe. 

The occurrence of local mosquito-borne transmission 
of dengue virus in 2010, 2013 and 2015 as well as chi-
kungunya virus in 2010 and 2014 in mainland France 
highlights the risk of local transmission of arboviruses 
transmitted by Ae. albopictus [21-25].

The proportion of ZIKV infections that are asymptomatic 
is currently estimated at 80% [26]. Although the role 
of asymptomatic ZIKV-infected people in vector-borne 
transmission has not yet been formally demonstrated 
and quantified, a high proportion of such cases might 
increase the risk of local mosquito-borne transmission 
where Ae. albopictus is established and active, since 
most asymptomatic cases will remain undetected, and 
therefore no mosquito control measures will be imple-
mented around these cases.

Eight cases of sexual transmission of ZIKV have been 
reported in mainland France as at 15 July 2016, includ-
ing transmission by an asymptomatic man [5]. Some 
authors have suggested that sexual transmission may 
play a significant role in transmission of ZIKV and has 
contributed to the higher proportion of female cases 
observed in Brazil [27]. Case finding should therefore 
not only focus on travellers returning from areas with 
ZIKV transmission but also on their sexual partners, 
even in the absence of symptoms in the traveller. Cases 
infected by sexual transmission can initiate further vec-
tor-borne transmission, emphasising the importance of 
the implementation of vector control measures around 
all cases. The lack of knowledge on the persistence of 
ZIKV and the dynamics of RNA viral load in semen still 
pose a considerable challenge to guidance on preven-
tion of sexual transmission of ZIKV.

Other questions remain regarding the aetiological 
link between ZIKV infection and neurological presen-
tations and their spectrum [28]. Since January 2016, 
two cases of Guillain–Barré syndrome and one case 
of meningoencephalitis were reported (0.5% of all 
cases) in mainland France. Paraesthesia, hypoaesthe-
sia or hyperaesthesia were reported for nine additional 
cases (1.5% of all cases): the frequency and relevance 
of these milder symptoms deserves further attention.

Table
Characteristics of cases of Zika virus infection, mainland 
France, 1 January–15 July 2016 (n = 625)

Characteristic Number 
(%)

Sex
Female 357 (57)
Age group in years 
< 10 6 (1)
10–19 15 (2)
20–29 83 (13)
30–39 155 (25)
40–49 106 (17)
50–59 122 (20)
60–69 109 (17)
≥ 70 29 (5)
Regions visited during the incubation perioda

French departments and collectivities of the 
Americas 527 (84)

Caribbean islands 28 (4)
South America 25 (4)
Central America 8 (1)
Asia 1 (0.2)
Pacific 1 (0.2)
Africa 1 (0.2)
Not documented 26 (4)
No travel 8 (1.3)
Complications 
Guillain–Barré syndrome 2 (0.3)
Meningoencephalitis 1 (0.2)
Hospitalisation 29 (5)
Viraemic casesb 156 (25)
Month of notification 
January 8 (1)
February 76 (12)
March 74 (12)
April 121 (19)
May 144 (23)
June 158 (25)
Julyc 44 (7)

a During the two weeks before symptom onset. 
b In an area in which the vector Aedes albopictus is established and 

active.
c Until 15 July 2016.
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The expected high number of imported cases of ZIKV 
infection in areas where Ae. albopictus is established 
and severe ZIKV-related adverse outcomes trigger the 
need to monitor closely cases of ZIKV infection. Vector 
control measures are essential during the vector’s 
active period.

Furthermore, it is essential to maintain a high level of 
commitment of healthcare professionals, especially 
family practitioners, to continue their participation in 
surveillance and in health education. They are a major 
source of information for patients on the risk of ZIKV 
infection and for the general population on measures 
to prevent infection by ZIKV and other arboviruses.
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During the first half of 2016, several outbreaks of mea-
sles were reported in the three regions of Belgium. 
Main challenges for public health were severe compli-
cations occurring in adults, nosocomial transmission 
and infection in healthcare workers. Here, we describe 
those outbreaks and lessons learnt for public health.

Measles has not yet been eliminated in Belgium 
according to the Regional Verification Commission for 
measles and rubella elimination in Europe [1]. Since the 
last large outbreak in 2011 [2] with an estimated inci-
dence of 54.9 per 1 million person-years, measles inci-
dence varied from 3.5 to 6.1 per 1 million person-years 
between 2013 and 2015 [3]. Here, we describe several 
small measles outbreaks occurring during the first half 
of 2016, based on preliminary data collected up to 30 
June 2016.

Definitions and reporting
The case definition of the European Union (EU) 
Commission Decision of 2012 was used and cases were 
classified as possible, probable or confirmed depend-
ing on clinical criteria, epidemiological link and labo-
ratory criteria as described [4]. This case definition 
has been adopted by the regional health authorities in 
Belgium for standard reporting of measles.

A measles outbreak was defined as two or more lab-
oratory-confirmed cases which are temporally related 
(with dates of rash onset occurring between 7 and 18 
days apart) and epidemiologically and/or virologically 
linked [5].

Measles cases are under mandatory reporting to the 
regional health authorities, in charge of the epide-
miological investigation and control measures [6,7]. 

Notifications from the regional health authorities and 
results from the National Reference Laboratory for 
measles are collected and analysed at the Belgian 
Scientific Institute of Public Health.

Outbreak description
From the beginning of 2016 until 30 June, 10 measles 
outbreaks involving two to nine persons and 24 iso-
lated cases have been identified in the three regions 
of Belgium, resulting in a total of 67 cases. For the 24 
isolated cases, no epidemiological link was found, but 
we included them here based on the assumption that 
they had unknown links with the 10 outbreaks, given 
the time and place of occurrence of the large majority 
of cases. The last measles case was reported on 14 
June 2016 (Figure 1). 

There were 31 cases in the Brussels Capital Region, 
21 in Flanders and 15 in Wallonia (Figure 2). Incidence 
in Belgium (for the period January to June) was 6.0 
per million. Incidence by region for the same period 
was 26.2 per million for Brussels, 4.2 per million for 
Wallonia and 3.3 per million for Flanders. For six cases 
in Flanders and two cases in Wallonia, an epidemiolog-
ical link with the outbreaks in Brussels was described. 

Different transmission routes were identified among 
the 67 cases: household (12 cases), nosocomial (14 
cases) and other (four cases); for the remaining 37 
cases, the path of transmission was unknown. Four 
healthcare workers were infected, of whom three were 
unvaccinated and one had unknown vaccination sta-
tus. Moreover, two cases had travelled to Romania, 
one to Poland and one to the United Kingdom (UK), all 
within the incubation period. Measles outbreaks were 
ongoing in these countries during their visits; however, 



18 www.eurosurveillance.org

a virological link has not yet been found for Romania 
and Poland. For the UK, a possible virological link is 
described in the chapter on laboratory confirmation. 
Three cases belonged to the Roma population. Four 
cases occurred in an asylum centre.

Characteristics of the cases
Of all cases, 27 were younger than five years, 12 were 
between five and 14 years-old, nine were between 
15 and 19 years-old and 19 were older than 19 years 
(Figure 3). Two cases were vaccinated with two doses, 
four cases with one dose, four cases with an unknown 
number of doses, 37 cases (26 when excluding those 
younger than one year) were not vaccinated, and for 
20 cases, of whom nine were older than 25 years, the 
vaccination status was unknown. Reasons for non-vac-
cination were, besides age below one year (11 cases), 
more frequently related to illness, hesitancy or previ-
ous side effects of the vaccine than to distrust or anti-
vaccine beliefs.

Overall, 28 cases were hospitalised. The majority of 
hospitalised cases were children younger than five 
years (12 cases), children between five and nine years-
old (four cases) and adults older than 25 years (eight 
cases). All hospitalised cases recovered. Among the 
children, only one was admitted with severe complica-
tions. Among the adults, three presented with severe 
complications: two with rhabdomyolysis with need 
of intensive care and one with hepatic cytolysis. No 
deaths were reported.

Laboratory confirmation
Overall, 53 of the 67 cases were laboratory-confirmed 
by detecting measles virus-specific IgM antibodies 
and/or viral RNA by RT-PCR. Another eight cases were 
confirmed by an epidemiological link with a confirmed 
measles case. The National Reference Centre (World 

Health Organization (WHO)-accredited) confirmed 
38 cases. For the remaining 15 cases, samples were 
confirmed by proficient (BELAC-accredited) labora-
tories but not sent to the National Reference Centre. 
Genotyping was done for 33 cases and genotypes D8 
(two cases) and B3 (31 cases) were detected. Genotype 
D8 was found in a cluster of two persons; the index 
case had stayed in the UK during the incubation period. 
For genotype B3, different subtypes were confirmed 
by the National Reference Centre, namely MVs/Allada.
BEN/3.10 (eight cases) and MVs/Tonbridge.GBR/5.14 
(23 cases). The sequences of the isolates were ana-
lysed using the MeaNS database [8], where each 
sequence was entered to determine the genotype and 
to look for an identical sequence/match. This database 
gave us the opportunity to look for sequences/geno-
types circulating in the neighbouring countries. The 
MVs/Allada.BEN/3.10 strain was found in Flanders and 
Wallonia and was related to strains found in outbreaks 
in France (Calais), Italy, Romania and the UK. The MVs/
Tonbridge.GBR/5.14 strain, mainly found in Brussels 
but also appearing in the neighbouring provinces of 
Flanders and Wallonia was related to strains found in 
Villeneuve St George, France in 2016. 

Control measures
Regional public health authorities took control meas-
ures according to their guidelines [6,7]. Control meas-
ures included thorough source investigation, ring 
vaccination and contact tracing by telephone to inform 
contacts and take preventive measures. Persons that 
had contact with a case less than seventy-two hours 
before and who were not immune or did not know their 
immune status were vaccinated. Persons were con-
sidered immune if they had received two vaccines, if 
they had had measles in the past or if they were born 
before 1970 [6,7]. If the contact was a child between six 
months- and one year-old, they were also vaccinated. 

Figure 1
Reported measles cases by week of disease onset, Belgium, January–June 2016 (n = 67)
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In these cases, the child still has to receive two vac-
cines after the age of one year to be immune [6,7].

Because of several nosocomial infections and adults 
with severe clinical presentations, a consultative risk 
assessment with the health authorities, including 
those of the three regions, was held on 14 April 2016. 
Following this assessment, letters were sent to hos-
pitals and general practitioners of the most affected 
areas. In addition, the Superior Health Council was 
asked for scientific advice on issuing a specific recom-
mendation for vaccination of risk groups (healthcare 
workers and persons working with children). Healthcare 
workers in Belgium are not required to show evidence 
of MMR vaccination in healthcare settings. Moreover, 
systematic measles vaccination was also offered to all 
asylum seekers.

During the European vaccination week (25–30 April 
2016), an information campaign in Flanders drew spe-
cial attention to measles and stressed that measles 

vaccination is free of charge for adults up to 45 years of 
age [9]. In Wallonia and Brussels, special attention was 
given to the measles elimination target and the need 
for high coverage with two doses of the MMR vaccine. 
In Brussels, the information campaign also underlined 
the importance to vaccinate young adults [10].

Different other control measures were taken in rela-
tion to the outbreaks. In a hospital, it was difficult to 
find the source of infection and the non-immunised 
exposed staff was screened by laboratory investiga-
tion (IgM, IgG and PCR). In a region where many noso-
comial transmissions occurred, the regional health 
authorities visited the local hospitals and gave advice 
on control measures. This resulted in increased aware-
ness among the staff, a larger number of staff being 
vaccinated, better triage in the emergency department 
and better isolation measures. Finally, a small out-
break in an asylum centre in Wallonia was controlled 
by timely vaccination of 300 persons in the centre.

Figure 2
Geographical distribution of measles cases by province, Belgium, January–June 2016 (n = 67)
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Discussion
The analysis of these different outbreaks shows once 
again that measles is difficult to eliminate as targeted 
by the WHO’s measles elimination plan [11]. In Belgium, 
the measles vaccine was available on the market in 
1974 [12]. Vaccination with measles-mumps-rubella 
(MMR) combined vaccine was introduced free of charge 
in the routine vaccination programme in Belgium in 
1985 (one dose) and 1995 (two doses). No catch-up 
campaign for those born before 1985 or before 1974 
took place. The vaccination coverage for the first dose 
of the MMR vaccine was 94.1% in the Brussels Capital 
Region (2012), 96.6% in Flanders (2012) and 95.6% in 
Wallonia (2015) [13-15]. In 2012, coverage for the second 
dose of MMR was 92.5% in Flanders [15]. For Wallonia 
and the Brussels Capital Region, a new survey on vac-
cination coverage data for the second dose of MMR 
is ongoing in 2016; the latest data available are from 
2008–09, showing 75.5% in Wallonia and 75.5% in the 
Brussels Capital Region [16]. The second MMR dose is 
systematically offered at school in all three regions. 
Differences between regions exist, but comparison is 
difficult because of the different survey periods. 

In Belgium, the first dose of MMR is given at the age 
of 12 months and the second dose of MMR is given at 
the age of 10 to 13 years [2]. The WHO advocates giving 
the second dose one month after the first one [11]. In 
Belgium, the timing for the second dose is historical 
and linked to the rubella/mumps vaccine for which the 
programme already existed and was well incorporated 
in the routine vaccination schedule [17].

The biggest challenges encountered during these mea-
sles outbreaks in Belgium were severe complications, 
mainly in adults, and nosocomial transmissions. Known 
complications of measles are otitis media, pneumo-
nia, and encephalitis. Rare complications observed 
during these outbreaks included rhabdomyolysis and 
hepatic cytolysis, known rare complications of measles 
[18,19]. Nosocomial transmission is an important mode 

of measles transmission in low incidence countries 
[20,21].

The lessons learnt from these outbreaks pertain to four 
levels. Firstly, the level of the patients: more than half 
of the cases (37/67) were unvaccinated and almost a 
third (20/67) did not know their vaccination status. We 
did not find distrust or anti-vaccine beliefs to be an 
important factor for not being vaccinated. Unintentional 
behaviour of some patients augmented the number of 
nosocomial infections. Some of them went directly to 
a crowded emergency department without consulting a 
general practitioner. Secondly, doctors have an impor-
tant role in early recognition and diagnosis of measles. 
However, sometimes lack of familiarity with measles or 
cases with atypical symptoms lead to a late diagnosis 
or referral to emergency services and more secondary 
cases [21]. We noticed that some healthcare workers 
considered measles as a harmless disease. Moreover, 
some cases were notified late or only detected during 
contact tracing. Thirdly, better organisation at hospital 
level can improve the control of an outbreak. In some 
hospitals visited, there was no efficient triage in the 
(often overcrowded) waiting rooms of the emergency 
department. In other departments, there were isolation 
measures, but these seemed not sufficient to prevent 
further spread of measles. The triage in the emergency 
department could be improved by education of medical 
staff in early recognition of highly contagious diseases. 
Most of the hospitals visited did not have a specific 
procedure for measles cases. These are tasks of the 
hygiene department of the hospital. The department of 
occupational medicine also plays an important role in 
the control of outbreaks and in verifying if healthcare 
workers are adequately protected against measles. 
The number of staff involved in the current outbreaks 
in Belgium was rather small. However, non-immunised 
healthcare workers are at increased risk of contracting 
and spreading measles and therefore checking their 
immune status remains important to prevent the fur-
ther propagation of nosocomial infections [20]. The 
fourth level in measles outbreaks are the public health 
authorities. They have an important role in contact 
tracing and taking control measures, which can be very 
resource-intensive.

Conclusion
The measles outbreaks described here highlight the 
rapid propagation of measles by nosocomial trans-
mission and the possibility of severe measles com-
plications in adults. To achieve measles elimination, 
besides strengthening surveillance and improving 
vaccination coverage in the general population, immu-
nisation strategies should be directed at healthcare 
workers and those working with children too young to 
be vaccinated.
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As antibiotic consumption rates between hospitals can 
vary depending on the characteristics of the patients 
treated, risk-adjustment that compensates for the 
patient-based variation is required to assess the impact 
of any stewardship measures. The aim of this study 
was to investigate the usefulness of patient-based 
administrative data variables for adjusting aggregate 
hospital antibiotic consumption rates. Data on total 
inpatient antibiotics and six broad subclasses were 
sourced from 34 acute hospitals from 2006 to 2014. 
Aggregate annual patient administration data were 
divided into explanatory variables, including major 
diagnostic categories, for each hospital. Multivariable 
regression models were used to identify factors affect-
ing antibiotic consumption. Coefficient of variation of 
the root mean squared errors (CV-RMSE) for the total 
antibiotic usage model was very good (11%), however, 
the value for two of the models was poor (> 30%). The 
overall inpatient antibiotic consumption increased 
from 82.5 defined daily doses (DDD)/100 bed-days 
used in 2006 to 89.2 DDD/100 bed-days used in 2014; 
the increase was not significant after risk-adjustment. 
During the same period, consumption of carbapenems 
increased significantly, while usage of fluoroquinolo-
nes decreased. In conclusion, patient-based adminis-
trative data variables are useful for adjusting hospital 
antibiotic consumption rates, although additional vari-
ables should also be employed.

Introduction
Antibiotic consumption can vary between hospitals 
depending on a number of factors including implemen-
tation and adherence to antibiotic policies, antibiotic 
resistance rates, and hospital function which depends 
on the patient characteristics [1-3].

A few reports have focused on risk adjustment mod-
els that account for differences in specific health risks 
that patients bring to their healthcare facilities, thus 
‘levelling the playing field’ when comparing rates of 

antibiotic consumption between hospitals with varied 
case mix [4-6]. These approaches provide a bench-
marking tool to identify facilities that have consistently 
higher or lower than expected rates in order to encour-
age compliance with guidelines. As well as adopting 
these approaches to the Irish antibiotic consumption 
context, this study explored how changes in case mix 
over time can affect antibiotic usage.

Variables relating to a variety of patient characteristics 
from public acute hospitals, based on administrative 
data, are readily available in Ireland [7]. Unlike parame-
ters for clinical services (such as provision of intensive 
care, oncology and cardiac services) which provide a 
static representation, patient-based parameters (age, 
sex, place of admission and discharge, diagnoses and 
procedures) can reflect changes in case mix over time.
The rates of antibiotic use in hospitals are dynamic 
and have been shown to change over time not only in 
Ireland but in many countries [8]. Hospital administra-
tive data are therefore a good candidate for developing 
risk adjustment models. The aim of this study was to 
investigate the usefulness of patient-based adminis-
trative data variables for adjusting hospital antibiotic 
consumption rates.

Methods

Study design
The study was an observational, retrospective analy-
sis of aggregate data on antibiotic use and patient 
administration from 34 public acute hospitals in 
Ireland. The participating hospitals in this study rep-
resented all tertiary/referral hospitals in Ireland and 
all general hospitals bar two facilities that were una-
ble to provide consistent antibiotic consumption data. 
Single-speciality hospitals (maternity, paediatric or 
orthopaedic) were excluded.
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Figure 1
Heat map showing percentage of 34 administration variables for antibiotic consumption in public acute hospitals, Ireland, 
2006–2014
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ICU: intensive care unit; MDC: major diagnostic categories.

The variables are averages over the study period. For panel A, they are grouped into eight sections which each total 100% for any hospital.

MDC 1: diseases and disorders of the nervous system; MDC 2: diseases and disorders of the eye; MDC 3: diseases and disorders of the ear, nose, mouth and throat; MDC 
4: diseases and disorders of the respiratory system; MDC 5: diseases and disorders of the circulatory system; MDC 6: diseases and disorders of the digestive system; 
MDC 7: diseases and disorders of the hepatobiliary system and pancreas; MDC 8: diseases and disorders of the musculoskeletal system and connective tissue; MDC 
9: diseases and disorders of the skin, subcutaneous tissue and breast; MDC 10: endocrine, nutritional and metabolic diseases and disorders; MDC 11: diseases and 
disorders of the kidney and urinary tract; MDC 12: diseases and disorders of the male reproductive system; MDC 13: diseases and disorders of the female reproductive 
system; MDC 14: pregnancy, childbirth and the puerperium; MDC 15: newborns and other neonates; MDC 16: diseases and disorders of the blood and blood forming 
organs and immunological disorders; MDC 17: neoplastic disorders (haematological and solid neoplasms); MDC 18: infectious and parasitic diseases; MDC 19: mental 
diseases and disorders; MDC 20: alcohol/drug use and alcohol/drug-induced organic mental disorders; MDC 21: injuries, poisoning and toxic effects of drugs; MDC 22: 
burns; MDC 23: factors influencing health status and other contacts with health services.
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Data sources
Clinical antimicrobial dispensary data from hospi-
tal pharmacy systems were extracted and converted 
into defined daily doses (DDD) using the World Health 
Organization (WHO) Anatomical Therapeutic Chemical 
(ATC) classification method [9] via the MicroB secure 
online healthcare data analytical system [10]. Drugs 
dispensed to non-acute or non-inpatient areas were 
excluded. The rates for antibiotics were expressed as 
DDD per 100 bed-days used (BDU) and grouped into 
the following outcome variables:

1. Carbapenems, which included agents such as 
meropenem,

2. Fluoroquinolones such as ciprofloxacin,

3. Glycopeptides such as vancomycin and teicoplanin 
(excluding oral use),

4. Macrolides such as erythromycin,

5. Penicillins with enzyme inhibitors such as amoxicil-
lin/clavulanic acid,

6. Third-generation cephalosporins such as cefotaxime,
7. Total antibiotic use, all systemic anti-bacterial 
agents.

Hospital In-patient Enquiry (HIPE) data following 
patients’ discharge or death in the hospital were used 
to obtain aggregate annual patient administration vari-
ables from 2006 to 2014 for all participating hospitals. 
These were accessed through the Health Intelligence 
Ireland secure online healthcare data analytical sys-
tem [11]. Data on non-inpatients (day cases and outpa-
tients) were excluded from the analysis.

Statistical Analysis
R software was used for all statistical analyses [12]. We 
constructed log-normal regression models for each of 
the seven outcome variables using a stepwise forward 
selection method to identify risk and protective vari-
ables [13]. Collinear variables were removed following 

each selection. A categorical variable representing 
year was also entered.

Results for these models are reported using incidence 
rate ratios (coefficient estimate) and 95% confidence 
intervals for each outcome variable. Coefficients of 
variation of the root mean squared errors (CV-RMSE) 
are reported for each model.

Satisfactory models were used to generate expected 
values of antibiotic consumption for all facilities for 
each year in the study period, given the patient admin-
istration parameters for the facilities during the rele-
vant time points. The difference between the observed 
antibiotic use and the estimated use is the residual, 
and the standardised residual is a ratio of the resid-
ual divided by the standard deviation of the residuals. 
Data points for any facility–year combination that had 
standardised residual values of less than − 2 or greater 
than + 2 were considered as having lower or higher than 
expected consumption, as estimated by the statistical 
model, respectively.

Results

Descriptive analysis
The total antibiotic usage rate for the 34 participating 
public acute hospitals decreased from 82.5 in 2006 
to 80.0 DDD/100 BDU in 2009, and then increased to 
89.2 DDD/100 BDU in 2014. Rates for carbapenems, 
glycopeptides and penicillins with enzyme inhibitors 
increased, those for macrolides and third-generation 
cephalosporins stayed level and those for fluoroqui-
nolones decreased between 2006 and 2014 (Table 1).

A heat map of the 29 explanatory variables grouped 
into eight sections is shown in Figure 1A and the 23 
major diagnostic categories (MDC) in Figure 1B [14]. 
Each section for each hospital represents 100% of all 
discharged patients over the entire study period. Note 
that while the figures show combined values for all 
nine years for each hospital, individual data points for 
each year, hospital and explanatory variable were used 
in the regression analysis.

The proportion of patients aged 30 to 49 years ranged 
from 14% to 31% between hospitals and accounted 
for the highest proportions of all discharged patients, 
i.e. 22% of the all patients. The age group five to 14 
years represented the lowest proportion of patients. 
The proportion of female patients ranged from 45% to 
66% between hospitals and overall, 54% of all patients 
were female.

The most common type of admission was emergency, 
representing 70% of all discharges. Note that other 
admission types includes newborn and maternity 
admission. Among the admission sources, home was 
the most common type (88–97%), while ‘other source 
type’ (prison, psychiatric unit or temporary residence) 
was the least common at 0–2%. Among discharge 

Figure 2
Heat map showing the variation in standardised residual 
for total antibiotic consumption in 34 public acute 
hospitals, Ireland, 2006–2014
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locations, home was again the most common type (73–
92%), while ‘other location type’ (prison, psychiatric 
unit or rehabilitation facility) was the least common at 
0–2%. Just over half of the patients (58%) did not have 
private health insurance and the proportion of patients 
under a public payment scheme ranged from 36% to 
79% per hospital.

Length of stay of one day (overnight) ranged from 14% 
to 31%, while a larger proportion stayed for between 
two to four days (28–45%); the remainder stayed five 
days or longer (28–55%). Overall, 7% of the patients 
had a stay in intensive care. Diseases and disorders of 
the circulatory system (MDC-5) and diseases and dis-
orders of the digestive system (MDC-6) were the most 
common MDC overall at 15% each. Diseases and disor-
ders of the respiratory system (MDC-4) were also fre-
quent at 13%. Of interest for antibiotic consumption are 
infectious and parasitic diseases (MDC-18) which was 
uncommon at just over 1%.

Regression analysis
The final seven regression models for the antimicrobial 
groups are shown in Table 2. Note that only the varia-
bles that had a statistically significant association with 
any of the antimicrobial groups are shown. The model 
performance indicator, CV-RMSE, for total antibiotic 
use was only 11% indicating this to be a very good 
model. However, the CV-RMSE for fluoroquinolones 
was 36% and 31% for third-generation cephalospor-
ins, indicating these to be poor models. The remaining 
models were adequate.

Different age groups were associated with increased 
risk of consumption of the different antibiotic groups. 
In particular, there was a high degree of association 
between decreased use of carbapenem and hospitals 
with a higher proportion of patients in the age group 
of five to 14 year-olds. Female sex was not significantly 
associated with any of the indicators of consumption, 

and neither was admission type (emergency, elective 
or other admission types).

Hospitals that had a higher proportion of patients 
admitted from ‘other source type’ had much reduced 
consumption of carbapenems, fluoroquinolones, gly-
copeptides, macrolides and total antibiotics. Similarly, 
hospitals that had a higher proportion of patients 
discharged to ‘other location type’ had much reduced 
consumption of glycopeptides, macrolides, third-gen-
eration cephalosporins and total antibiotics.

While only 0.1% of patients overall were classed under 
the MDC for burns (MDC 22), the category was asso-
ciated with increased use of carbapenems and glyco-
peptides and with reduced use of fluoroquinolones and 
third-generation cephalosporins. The group of infec-
tious and parasitic diseases (MDC 18) was associated 
with increased use of fluoroquinolones, penicillins 
with enzyme inhibitors, third-generation cephalospor-
ins and total antibiotics.

Year as a categorical variable was significant for 
consumption of two antibiotic groups: carbapen-
ems, which increased, and fluoroquinolones, which 
decreased over the study period. Two individual year 
values for macrolides (2009 and 2010) and one for total 
use (2009) were significant decreases.

Outliers
Figure 2 shows the variation in standardised residuals. 
Each data point with a standardised residual greater 
than + 2 represented a time period of overuse of anti-
biotics at a particular hospital that was significantly 
greater than would be expected given the individual 
hospital’s patient profile. Similarly, standardised resid-
uals lower than − 2 represented periods of significant 
underuse. For example, the hospital labelled A exhib-
ited a reduction in consumption larger than expected 
for the patient profile of that hospital, and conversely, 
the hospital labelled B showed an overall increase. 

Table 1
Consumption rates of five antibiotic groups and total antibiotics, Ireland, 2006–2014

Year Carbapenems Fluoroquinolones Glycopeptides Macrolides Penicillins with 
enzyme inhibitors

Third-generation 
cephalosporins Total antibiotics

2006 1.2 (0.1–4.9) 10.3 (5.0–30.0) 2.4 (0.2–7.0) 12.3 (5.4–20.3) 20.5 (14.5–36.5) 1.9 (0.3–3.7) 82.5 (56.6–118.1)
2007 1.2 (0.0–3.0) 10.2 (6.2–27.8) 2.3 (0.4–4.7) 11.7 (6.3–20.5) 21.4 (13.3–38.7) 1.6 (0.6–3.2) 80.6 (61.6–105.8)
2008 1.9 (0.1–6.2) 8.7 (5.3–28.1) 2.6 (0.3–6.5) 11.8 (6.5–20.3) 22.1 (11.6–40.9) 1.6 (0.3–3.2) 81.9 (58.1–116.2)
2009 2.3 (0.1–6.7) 6.5 (0.6–26.2) 2.9 (0.2–7.2) 11.0 (5.8–20.2) 22.6 (14.6–39.4) 1.5 (0.4–3.0) 80.0 (63.3–112.8)
2010 2.6 (0.4–7.9) 6.1 (1.6–11.7) 3.0 (0.4–7.8) 11.4 (5.6–21.8) 24.0 (14.3–38.9) 1.6 (0.4–3.7) 83.4 (63.0–124.9)
2011 2.6 (0.2–7.5) 6.2 (2.5–12.1) 3.2 (0.6–8.0) 12.4 (5.9–23.2) 26.2 (18.2–42.5) 1.6 (0.7–3.4) 87.9 (67.0–135.6)
2012 3.0 (0.5–9.4) 6.3 (2.7–12.5) 3.0 (0.4–5.2) 12.7 (5.9–27.9) 27.4 (19.7–42.9) 1.7 (0.2–4.0) 88.6 (66.6–126.7)
2013 3.7 (0.2–9.6) 5.9 (2.5–11.0) 3.2 (0.5–5.4) 12.2 (4.8–25.5) 27.0 (19.7–40.6) 1.6 (0.1–3.8) 87.3 (62.3–114.8)
2014 4.1 (0.5–9.0) 5.9 (2.6–11.5) 3.5 (0.6–5.7) 12.2 (3.3–21.4) 26.9 (16.1–40.9) 1.8 (0.2–4.3) 89.2 (45.7–129.1)

Rates are given in defined daily doses per 100 bed-days used, with minimum-to-maximum range in parentheses.
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While this method of visualisation can be applied to 
subclasses of antibiotics, only the data from the model 
for total use is shown in Figure 2 as this model had the 
best model performance indicator, a CV-RMSE of 11%. 

Discussion
Our analysis identified three aspects of surveillance 
of hospital antimicrobial consumption: it identified 

factors that are important in driving antimicrobial use; 
it identified antibiotic groups for which the changes in 
consumption rate occur faster than could be explained 
by changes in patient profiles at the individual hospi-
tal alone; and it identified outliers so that stewardship 
strategies can be followed at those facilities to improve 
patient care.

Table 2a
Incidence rate ratios of antibiotic consumption in public acute hospitals with 95% confidence intervals for the final seven 
regression models with percent CV-RMSE values, Ireland, 2006–2014

Outcome variable Significant variables Incidence rate ratio (95% CI) CV-RMSE

Carbapenem usage

Age groups (years)

≤ 4 1.09 (1.06–1.12)

21%

5–14 0.94 (0.91–0.96)

75–84 0.96 (0.95–0.97)

≥ 85 0.83 (0.81–0.86)

Admission source type
Acute hospital 0.54 (0.45–0.64)

Other source type 1.10 (1.06–1.13)

Discharge location type Other location type 1.01 (1.01–1.02)

Intensive care In ICU 1.02 (1.00–1.03)

Major diagnostic 
category

MDC 3 0.92 (0.90–0.94)

MDC 5 0.98 (0.96–1.00)

MDC 6 0.94 (0.92–0.95)

MDC 9 1.09 (1.05–1.14)

MDC 10 0.72 (0.65–0.80)

MDC 11 1.11 (1.08–1.15)

MDC 22 1.44 (1.12–1.86)

Year

2008 1.46 (1.16–1.85)

2009 1.77 (1.41–2.23)

2010 1.94 (1.55–2.43)

2011 1.95 (1.56–2.45)

2012 2.20 (1.76–2.76)

2013 2.35 (1.87–2.95)

2014 2.44 (1.94–3.07)

Fluoroquinolone usage

Age group (years) ≥ 85 0.97 (0.94–1.00)

36%

Admission source type Acute Hospital 0.72 (0.64–0.82)

Length of stay (days) 1 0.98 (0.97–0.99)

Intensive care In ICU 1.02 (1.01–1.04)

Major diagnostic 
category

MDC 5 1.06 (1.04–1.08)

MDC 6 1.06 (1.04–1.08)

MDC 7 1.07 (1.03–1.12)

MDC 8 1.03 (1.02–1.04)

MDC 9 1.03 (1.00–1.06)

MDC 14 1.03 (1.02–1.04)

MDC 18 1.12 (1.03–1.22)

MDC 19 1.09 (1.05–1.12)

MDC 20 1.16 (1.07–1.26)

MDC 22 0.68 (0.48–0.97)

Year

2009 0.72 (0.62–0.85)

2010 0.61 (0.51–0.73)

2011 0.67 (0.56–0.80)

2012 0.75 (0.62–0.90)

2013 0.75 (0.62–0.91)

2014 0.73 (0.60–0.89)

CI: confidence interval; CV-RMSE: coefficients of variation of the root mean squared errors; ICU: intensive care unit; MDC: major diagnostic category.
Only the variables that had a statistically significant association with any of the antimicrobial groups are shown.
For the list of diseases in the different MDC, see Figure 1.
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On the first aspect, the main patient profile factors 
including MDC, and their variation both over time and 
across different facilities, may explain the dynamics 
that are evident in hospital antimicrobial consumption 
in Ireland. The range of factors that were significant 
for the different antimicrobial groups shows that using 
only a single factor such as the cost-based case mix 
index would not have been adequate [15]. Additional 
factors that could have been employed include clinical 
services parameters in conjunction with administration 
data or variables that define patient profiles at a finer 
level such as specific diagnosis/procedure codes [5,6].

On the second aspect, fluoroquinolones were the only 
antimicrobials in this study for which consumption 
decreased. There has been a concerted effort since 
2008 by pharmacists in Ireland to reduce fluoroqui-
nolone use as a whole and to switch to oral prepara-
tions as fluoroquinolones have a good bioavailability 
[16]. The increase in carbapenems is a concern as car-
bapenem-resistant Enterobacteriaceae are becoming 
more frequent across Europe [17]. All hospitals and the 
health service in Ireland have a collective responsibil-
ity to ensure that these increases are curtailed.

Outcome variable Significant variables Incidence rate ratio (95% CI) CV-RMSE

Glycopeptide usage

Age group (years) 50–64 1.02 (1.01–1.03)

23%

Admission source type

Acute Hospital 0.90 (0.77–1.05)

Other healthcare facility 1.16 (1.09–1.24)

Other source type 1.08 (1.04–1.11)

Discharge location type
Acute hospital 0.95 (0.93–0.96)

Other healthcare facility 0.88 (0.82–0.95)

Length of stay (days) 1 1.03 (1.02–1.04)

Intensive care In ICU 1.03 (1.01–1.04)

Major diagnostic 
category

MDC 2 1.04 (1.01–1.08)

MDC 6 0.98 (0.96–0.99)

MDC 10 0.93 (0.87–0.99)

MDC 11 1.10 (1.07–1.14)

MDC 12 0.92 (0.85–1.00)

MDC 16 0.71 (0.61–0.82)

MDC 17 1.32 (1.24–1.40)

MDC 21 0.89 (0.83–0.95)

MDC 22 1.71 (1.29–2.26)

Macrolide usage

Age groups (years)
50–64 1.02 (1.02–1.03)

20%

75–84 0.99 (0.98–0.99)

Admission source type Acute hospital 0.88 (0.83–0.95)

Discharge location type Other healthcare facility 0.94 (0.89–1.00)

Major diagnostic 
category

MDC 2 0.93 (0.90–0.96)

MDC 3 0.99 (0.98–1.00)

MDC 4 1.03 (1.02–1.04)

MDC 5 0.99 (0.99–1.00)

MDC 9 0.96 (0.94–0.98)

MDC 11 0.96 (0.95–0.98)

MDC 17 0.88 (0.85–0.91)

Year
2009 0.84 (0.76–0.93)

2010 0.90 (0.81–0.99)

Usage of penicillins with enzyme inhibitor 

Admission source type Other healthcare facility 0.95 (0.92–0.98)

19%

Discharge location type Other location type 0.99 (0.99–1.00)

Length of stay (days) 2–4 0.99 (0.99–1.00)

Major diagnostic 
category

MDC 2 0.93 (0.91–0.96)

MDC 3 1.01 (1.00–1.01)

MDC 4 1.02 (1.01–1.03)

MDC 9 0.98 (0.96–1.00)

MDC 18 1.05 (1.00–1.10)

CI: confidence interval; CV-RMSE: coefficients of variation of the root mean squared errors; ICU: intensive care unit; MDC: major diagnostic category.
Only the variables that had a statistically significant association with any of the antimicrobial groups are shown.
For the list of diseases in the different MDC, see Figure 1.

Table 2b
Incidence rate ratios of antibiotic consumption in public acute hospitals with 95% confidence intervals for the final seven 
regression models with percent CV-RMSE values, Ireland, 2006–2014



28 www.eurosurveillance.org

On the last aspect of outliers, our analysis showed that 
there were hospitals that had consistently higher anti-
biotic consumption than would be expected given the 
characteristics of patients cared for in those hospitals. 
It is likely that these few hospitals have services that 
were not included in the parameters of our models. It 
is important to address the presence of and adherence 
to antibiotic prescribing policies in these institutions.

Our analysis has limitations. Firstly, there is a debate 
about how to appropriately measure antibiotics usage. 
We selected the WHO ATC/DDD system as it is the one 
chosen by the European Surveillance of Antimicrobial 
Consumption Network (ESAC-Net). Furthermore, direct 
measures of antibiotic usage such as days of therapy 
could not be used as the pharmacy computer systems 
used in Ireland do not yet support it, unlike hospitals 
elsewhere [18]. The second limitation is the choice of 
denominator to express rates of use, of which there are 
also different viewpoints in the literature such as using 
number of admissions or discharges, or bed-days (or 

patient-days) used [19]. We selected bed-days used, as 
this denominator takes into account the average length 
of stay. However, given the strong association between 
length of stay of one day and total antibiotic use, num-
ber of admissions may be a more appropriate denomi-
nator. The third limitation is the possible presence of 
coding errors, and although hospital administration 
data in Ireland are increasingly used for research pur-
poses, further validation is warranted [7]. The fourth 
limitation is the choice of regression method. Again, a 
variety of approaches have been attempted in the lit-
erature, ranging from indirect/direct standardisation, 
Poisson and negative-binomial regression, to simple 
linear regression [15,18,20]. We selected log-normal 
regression as the data fitted this distribution and sat-
isfied its assumptions. Generalised estimating equa-
tions or mixed effects models were not required as it 
was the aim of our study to show differences between 
hospitals and adjust them via the explanatory varia-
bles [21]. The choice of modelling method also allowed 
for the use of conventional methods of analysis rather 

Outcome variable Significant variables Incidence rate ratio (95% CI) CV-RMSE

Third-generation cephalosporin usage

Age group (years)
≤ 4 1.03 (1.00–1.06)

31%

5–14 1.03 (1.01–1.05)

Admission source type Other source type 1.10 (1.06–1.14)

Discharge location type
Other healthcare facility 0.80 (0.73–0.88)

Other location type 1.00 (1.00–1.01)

Length of stay (days) 1 0.97 (0.96–0.98)

Major diagnostic 
category

MDC 1 1.06 (1.04–1.08)

MDC 3 0.97 (0.95–0.98)

MDC 7 1.06 (1.03–1.10)

MDC 10 0.87 (0.79–0.95)

MDC 13 1.11 (1.08–1.14)

MDC 18 1.28 (1.18–1.40)

MDC 22 0.42 (0.29–0.62)

Total antibiotic usage

Age group (years) 65–74 1.01 (1.00–1.01)

11%

Admission source type
Acute hospital 0.91 (0.87–0.95)

Other source type 1.03 (1.02–1.04)

Discharge location type Other healthcare facility 0.94 (0.91–0.97)

Intensive care In ICU 1.01 (1.01–1.01)

Major diagnostic 
category

MDC 1 0.99 (0.98–0.99)

MDC 2 0.98 (0.97–1.00)

MDC 3 0.99 (0.99–0.99)

MDC 7 1.02 (1.01–1.03)

MDC 8 1.00 (1.00–1.01)

MDC 10 0.97 (0.95–1.00)

MDC 17 1.02 (1.00–1.04)

MDC 18 1.04 (1.01–1.08)

MDC 20 1.08 (1.05–1.12)

MDC 22 0.82 (0.73–0.93)

Year 2009 0.93 (0.87–0.99)

CI: confidence interval; CV-RMSE: coefficients of variation of the root mean squared errors; ICU: intensive care unit; MDC: major diagnostic category.
Only the variables that had a statistically significant association with any of the antimicrobial groups are shown.
For the list of diseases in the different MDC, see Figure 1.

Table 2c
Incidence rate ratios of antibiotic consumption in public acute hospitals with 95% confidence intervals for the final seven 
regression models with percent CV-RMSE values, Ireland, 2006–2014
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than employing complex procedures to compensate for 
overdispersion. However, the CV-RMSE for two of the 
models were very large and use of additional explana-
tory parameters is warranted. The last limitation is the 
sample size of only 34 hospitals. Even after including 
private and single-speciality hospitals, the population 
base would remain the overriding limit for any study 
conducted in Ireland. Extending the methodology to 
include other countries would be the only way to over-
come this limitation.

Based on the findings of this study we recommend 
that the national guidance documents for antimicro-
bial stewardship should be updated to strengthen 
prescribing practice for carbapenems in particular and 
to incorporate a mechanism to ensure good adhere to 
antibiotic prescribing. We also recommend that perfor-
mance-linked measures are put in place to ensure that 
when hospitals demonstrate reduction in the use of 
one antibiotic group, this does not lead to increases in 
another group of antibiotics. However, high antibiotic 
use among outliers may not imply poor performance 
and the hospitals not found to be outliers may still have 
substantial inappropriate use. Therefore, the findings 
of this study should be used in conjunction with other 
information and as part of a broader stewardship strat-
egy. Finally, we suggest that a Europe-wide hospital 
antimicrobial study based on a unified methodology of 
risk adjustment is undertaken that takes into account 
the limitations of this and other similar studies. Risk 
adjustment may even be required to compare the wide 
variation in hospital antibiotic consumption as driven 
by diverse healthcare delivered to the populations in 
different jurisdictions.

In conclusion, patient-based administrative data vari-
ables are useful for adjusting hospital antibiotic con-
sumption rates, although additional variables relating 
to clinical services should also be employed.
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