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We describe Zika virus (ZIKV) vertical transmission 
in an imported case in Spain, in a 17-week pregnant 
woman. ZIKV IgG, IgM and RNA were detected in serum 
in week 17. At 19 weeks, ultrasound scan revealed fetal 
malformations and ZIKV was detected in the amniotic 
fluid. Pregnancy was terminated at week 21; autopsy 
of the fetus revealed bilateral hydrocephalus, brain 
microcalcifications and arthrogryposis multiplex con-
genita. ZIKV was detected in the umbilical cord and 
brain tissue.

Case description
A pregnant woman in her mid-twenties (week 17 of 
pregnancy), from Venezuela, was admitted to the 
Gynaecology Department of a hospital in Spain, for 
routine follow up, in March 2016, while she was visit-
ing Spain. Her medical history was uneventful apart 
from a generalised skin rash in January 2016, at eight 
weeks of gestational age. This led us to investigate a 
ZIKV infection, given the epidemiological situation in 
Venezuela. The rash had lasted for 48 hours but there 
was no microbiological diagnosis. At 12 weeks of ges-
tational age, the ultrasound scan was normal, and the 
results of laboratory tests for HIV, Treponema pallidum 
and Toxoplasma gondii were negative.

Serum samples were collected upon hospital admission 
in March and recent ZIKV infection was diagnosed by 
serology and molecular biology. ZIKV IgG and IgM anti-
bodies were detected by indirect immune fluorescence 
test (Euroimmun Arboviral Fever Mosaic 2, Luebeck, 
Germany). ZIKV IgG antibodies were confirmed by 
plaque reduction neutralization test (PRNT). NS2A pro-
tein gen of ZIKV was detected (2.4 x104 copies/mL) by 

real-time quantitative RT-PCR using Light Mix Modular 
ZikaVirus (Tib Molbiol, Berlin, Germany) and Light 
Cycler Multiplex RNA Virus Master (Roche Diagnostics, 
Mannheim, Germany) in a Cobas Z 480 analyser (Roche 
Diagnostics, Indianapolis, United States). Extraction 
of nucleic acids was performed with the MagNA Pure 
Compact Nucleic Acid Isolation Kit I (Roche Diagnostics, 
Indianapolis, United States). Ultrasound scan at 19 
weeks of gestational age showed fetal hydrocephalus 
with dilation of both lateral ventricles (Figure 1), and 
stiffness and severe contractures of the four extremi-
ties compatible with arthrogryposis multiplex congen-
ita (AMC) (Figure 2).

Amniotic fluid was obtained by amniocentesis. 
Chromosomal abnormalities were discarded by array 
comparative genomic hybridisation and karyotype 
analysis. ZIKV RNA was detected in amniotic fluid (9.1 
x104 copies/mL) by real-time quantitative RT-PCR. 
Toxoplasma gondii, rubella virus, cytomegalovirus, 
herpes virus, erythrovirus B19 and measles virus infec-
tions were discarded by PCR in amniotic fluid.

Due to severe malformations and brain disease, the 
neonatal health prognosis was poor. The patient asked 
for voluntary termination of the pregnancy, and the 
procedure was approved by national and hospital eth-
ics committees. Medical termination of the pregnancy 
was performed at 21 weeks of gestation. Autopsy of 
the female fetus (295 g) showed no microcephaly (cra-
nial, thoracic and abdominal circumference were 17 cm, 
16 cm and 14 cm respectively, normal for sex and ges-
tational age) but confirmed AMC with flexion contrac-
ture and deformity of joints of all four limbs, extreme 
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flexion of hips and crossed femurs. Under-developed 
muscles with replacement of muscle by adipose tissue 
and fibrous proliferation in interarticularis spaces were 
also found. In addition, fetal hydrocephalus with dila-
tion of both lateral ventricles, cerebral cortex 2.5 mm 
thick and multiple calcifications at cortical level and 
brainstem were diagnosed (Figure 3).

ZIKV real-time quantitative RT-PCR was performed in 
placenta, umbilical cord and brain tissue samples, as 
previously described. Before nucleic acid extraction, 

ca 10 mg of tissue were treated with 50 µL of protein-
ase K at 56 °C until sample digestion, and then heated 
at 95 °C for 10 min to inactivate proteinase K. ZIKV RNA 
was detected in umbilical cord (threshold cycle, Ct: 
36.7) and brain tissue (Ct: 22.1), but it was not detected 
in the placenta sample. For phylogenetic analysis, 
amplification of NS5 gene (192 bp) was performed from 
amniotic fluid sample as previously described [1] with 
Mega 7 Software and it was deposited in GenBank 
(accession number: KX358623). The sequence clus-
tered within the Asian lineage.

Background
ZIKV is an arbovirus (arthropod-borne virus) of the 
genus Flavivirus. It was isolated for the first time in 
1947 from the blood of a Rhesus monkey in the Zika 
forest (Uganda), but the infection was relatively 
unknown until the recent outbreak in South America. 
Prior to 2015, minor ZIKV outbreaks were reported in 
areas of Africa, south-east Asia and the Pacific Islands 
[2]. In May 2015, the Pan American Health Organization 
(PAHO) issued an alert regarding the first confirmed 
ZIKV infections in Brazil [3], which quickly spread all 
over the South America continent.

Discussion
Local mosquito transmission of ZIKV infection was 
reported in Venezuela in November 2015 [4]. In January 
2016, a total of 252 cases of Guillain-Barré syndrome 
with a spatiotemporal association to Zika virus were 
reported. Zika virus infection was confirmed in three 
of them [5].

Phylogenetic analysis based on the conserved region 
NS5 has revealed the existence of two major lineages: 
the African lineage that includes the African strains 
and the Asian lineage which has recently emerged in 
the Pacific and the Americas including the Asian and 
American strains [6]. In this case, phylogenetic analy-
sis showed that ZIKV strain isolated from this patient 
belonged to the Asian lineage.

The illness caused by ZIKV, commonly named Zika 
virus disease (ZVD), usually has a benign cause and 
presents with signs and symptoms similar to other 
arbovirus infections such as dengue virus (DENV) and 
chikungunya virus (CHKV): mild fever, exanthema, 
arthralgia and/or non-purulent conjunctivitis. Recently, 
ZIKV infection has been associated with neurological 
complications, such as Guillain–Barré syndrome, but 
encephalitis or meningitis have also been reported [7]. 
The patient reported generalised skin rash compatible 
with ZIKV infection during her stay in Venezuela.

ZIKV is transmitted through mosquito bites of the 
genus Aedes, mainly Aedes aegypti, which is the most 
important vector in Asia and the Americas and in some 
regions in the Pacific. Other possible modes for human 
infection include sexual transmission and blood trans-
fusion, and vertical transmission from mother to fetus 
can have serious consequences. If a pregnant woman 

Figure 1
Ultrasound scan on fetal skull showing bilateral 
hydrocephalus, case of vertical transmission of Zika virus 
infection, gestation week 19, imported to Spain, March 
2016

Ventricular measurements 14.3 mm (yellow) and 10.7 mm (blue) 
(norm: ≤10 mm)

Figure 2
Ultrasound scan on fetal extremities, case of vertical 
transmission of Zika virus infection, gestation week 19, 
imported to Spain, March 2016

The arrow indicates severe contracture and deformation with 
extreme bending and twisting of the wrist.
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acquires a ZIKV infection, the virus might cross placen-
tal barrier causing congenital infection. In this case, 
ZIKV RNA was detected in amniotic fluid, confirming 
that ZIKV crossed the placental barrier. When this hap-
pens, the fetus might develop brain damage including 
microcephaly and, less frequently, calcifications, ven-
triculomegaly or hydrocephalus, and other congenital 
malformations such as arthrogryposis [8].

Viraemia of ZIKV infection is relatively short, and viral 
RNA is usually detected in serum samples only around 
seven days after onset of symptoms. It is remarkable 
that in this case, ZIKV RNA was detected in the serum 
of the pregnant woman up to two months after the 
acute phase of the disease. Persistent viraemia was 
previously described in another case of congenital Zika 
transmission and it might be a consequence of high 
viral replication in the fetus [9].

The recent outbreaks in Brazil and French Polynesia 
indicate that the greatest risk of brain damage for the 
fetus is in the first trimester, often between seven 
and 13 weeks of gestation [10,11]. A preliminary report 
from Brazil indicated that fetal abnormalities were 
present in almost 30% of women with ZIKV infection 
during pregnancy [12]. In the case presented here, 
microcephaly was not present in the ultrasound scan 
at 19 weeks of gestation, probably due to the short 
gestational age, and this is in agreement with other 
reported cases in which microcephaly was not diag-
nosed until 27 to 35 weeks [12]. However, other malfor-
mations, such as hydrocephalus and arthrogryposis, 
were detected in this case. Presence of ZIKV RNA was 
detected in the umbilical cord and brain tissue but not 
in placenta as recently reported in another congenital 

case [13]. Another study showed that ZIKV is unlikely 
to access the fetal compartment by its direct replica-
tion in placental tissue. This might be explained due 
to the potent antiviral properties of type III interferons 
(IFNs), specifically IFNλ1, which protects the human 
placental trophoblasts from viral infections, suggest-
ing that ZIKV may invade the intrauterine cavity by 
unknown mechanisms that are independent of direct 
placental infection [14]. In this case, comparison of the 
Ct values between umbilical cord and brain tissue indi-
cates a higher viral load (ca 10,000 times higher) in the 
central nervous system (CNS), showing a strong neu-
rotropism of the virus, although the mechanism is not 
clear. A possible persistence of ZIKV in the fetal brain 
because of the immunologically secure milieu for the 
virus was suggested [15]. Additionally, recent studies 
found that neural progenitor cells are more susceptible 
to ZIKV infection than mature cortical neurons, explain-
ing microcephaly and other abnormalities in the devel-
oping brain [16-18].

In the Zika situation report of the World Health 
Organization (WHO) on 6 June 2016 [19], only eleven 
countries or territories have reported microcephaly 
and/or CNS malformation cases potentially associated 
with ZIKV infection. The total number of cases reached 
1,520, and most of them are related to the recent out-
break in Brazil. In Spain, the Ministry of Health reported 
141 cases of confirmed ZIKV infection on 6 June 2016, 
all of them imported from areas with active transmis-
sion [20]. Nineteen cases were pregnant women, but 
no evidence of intrauterine transmission was detected, 
except in this case. The first case of imported ZIKV 
infection and two cases of ZIKV infection in pregnant 
women in Spain, have been published recently [21,22]. 
Aside from this case, there has been only one other 
confirmed ZIKV congenital infection in Europe [15].

This case highlights the new challenge gynaecolo-
gists face when performing ultrasound in pregnant 
women originating from or having stayed in countries 
with risk of transmission of Zika. Nowadays, there is 
a considerable number of pregnant women who travel 
from South America; moreover, other pregnant women 
or their sexual partners may travel to affected areas. 
This may have an impact on prenatal care in Europe. 
Positive and negative predictive values of screening for 
Zika virus in amniotic fluid or maternal serum have not 
yet been established. Accurate and quick detection of 
the presence of Zika virus in maternal samples in col-
laboration with expert gynaecologists follow-up might 
help the early diagnosis of congenital Zika infections. 
It is important to carefully communicate risks associ-
ated with ZVD to those possibly concerned, and to 
improve the evidence base to perform well-informed 
risk assessments.
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An influenza A(H1N1)pdm09 virus carrying a G147R 
substitution in combination with an H275Y substi-
tution in the neuraminidase protein, which confers 
cross-resistance to oseltamivir and peramivir, was 
detected from an immunocompromised inpatient in 
Japan, March 2016. This dual H275Y/G147R mutant 
virus exhibited enhanced cross-resistance to both 
drugs compared with the single H275Y mutant virus 
and reduced susceptibility to zanamivir, although it 
showed normal inhibition by laninamivir.

Detection of a dual H275Y/G147R mutant 
influenza A(H1N1)pdm09 virus
In the context of our nationwide monitoring for anti-
viral-resistant viruses, we previously reported that a 
large community cluster of influenza A(H1N1)pdm09 
virus exhibiting cross-resistance to oseltamivir and 
peramivir had occurred in Hokkaido, Japan between 
November 2013 and February 2014 [1,2]. Of a total 
of 2,531 A(H1N1)pdm09 viruses investigated in the 
2013/14 influenza season, 105 (4.1%) were shown to 
harbour the H275Y substitution in the neuraminidase 
(NA) protein. In the 2015/16 season (Figure 1), we 
screened 1,938 A(H1N1)pdm09 viruses by allelic dis-
crimination [3] and detected 39 (2.0%) H275Y mutant 
viruses.

No epidemiological links were identified among the 
patients infected with the H275Y mutant viruses except 
for five nosocomial infections. Among 34 sporadic 
cases, 11 (32%) cases had no exposure to NA inhibitors 
before the specimen collection. This is consistent with 
our previous study that 19 (32%) of 59 sporadic cases 
had no exposure to NA inhibitors in the 2013/14 season 
[2]. One H275Y mutant virus with an additional G147R 

substitution in the NA protein was detected from a spo-
radic case treated with peramivir in March 2016. Both 
substitutions were confirmed in the corresponding clin-
ical specimen. Deep sequencing analysis of the speci-
men using MiSeq (Illumina, California, United States) 
revealed that the G147R substitution was detected in 
21% of mixed sequence populations with 147G wild 
type, in contrast to H275Y, which was detected at a rate 
of 100%. The results suggested that the H275Y mutant 
virus had acquired the additional G147R substitution 
in the patient during peramivir administration. The 
NA H275Y mutation of the A(H1N1)pdm09 and the for-
mer seasonal A(H1N1) viruses confers cross-resistance 
to oseltamivir and peramivir [4] and the NA G147R is 
linked to slightly reduced susceptibility of the highly 
pathogenic avian A(H5N1) virus to oseltamivir and zan-
amivir [5]. Searching the EpiFlu Database of the Global 
Initiative on Sharing All Influenza Data (GISAID) yielded 
18,172 A(H1N1)pdm09 viruses, of which nine were 
G147R mutant viruses (Table). No dual H275Y/G147R 
substitution appears to have been previously reported 
however.

Clinical course of the patient infected with 
the dual H275Y/G147R mutant virus
The patient, a woman in her early 50s with malignant 
lymphoma who was receiving chemotherapy, was hos-
pitalised with myelosuppression in late February 2016. 
She received prophylaxis with laninamivir (40 mg) on 
the same day because her husband had been diag-
nosed as having influenza A virus infection. Three days 
later, she had onset of illness and tested positive for 
influenza A. At this time, peramivir was administered 
intravenously at a dosage of 600 mg daily for three 
intermittent periods of 5 days because of persistent 
influenza A virus infection. She developed left lower 
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lobe pneumonia 20 days post-disease onset and alveo-
lar haemorrhage 12 days after, but no bacterial patho-
gens were isolated from sputum or blood samples. She 
died 5 days later. A nasal swab specimen of the patient 
was collected only at the end of the second intermit-
tent administration of peramivir and an influenza 
A(H1N1)pdm09 strain A/Hiroshima/13/2016 was iso-
lated in Madin-Darby canine kidney (MDCK) cells from 
the specimen (Table). We could not obtain a specimen 
from the husband.

Antiviral susceptibility of the dual H275Y/
G147R mutant virus
After isolation in MDCK cells, A/Hiroshima/13/2016 
possessed the H275Y and G147R substitutions in 100% 
population, respectively, although the G147R muta-
tion was detected at a rate of 21% in the specimen. 
This result indicates that the virus carrying both sub-
stitutions had become predominant during MDCK cell 
culture. 

We compared the susceptibilities of the dual H275Y/
G147R mutant virus and single H275Y mutant viruses 
isolated during the same influenza season to four NA 
inhibitors approved in Japan: laninamivir, oseltamivir, 
peramivir and zanamivir (Figure 2).

Oseltamivir carboxylate, peramivir and zanamivir 
were purchased from Sequoia Research Products 
(Pangbourne, UK) and laninamivir was kindly pro-
vided by Daiichi Sankyo Co., Ltd. (Tokyo, Japan). The 
susceptibilities of the viruses to NA inhibitors were 
determined by fluorescent NA inhibition assay with the 
NA-Fluor Influenza Neuraminidase Assay Kit (Applied 
Biosystems, California, United States). Results were 
expressed as the drug concentrations required to inhibit 

NA activity by 50% (IC50). To interpret the NA inhibitor 
susceptibility, we used the World Health Organization 
criteria, which are based on the fold change of IC50 val-
ues compared with the median IC50 values of the same 
subtype/lineage [6]. For influenza A viruses, normal 
(< 10-fold increase of IC50 value), reduced (10–100-fold 
increase) or highly reduced (> 100-fold increase) inhibi-
tion were defined.

The IC50 values of the viruses to laninamivir, oseltami-
vir, peramivir and zanamivir are shown in Figure 2. The 
median IC50 values of 19 single H275Y mutant viruses 
to oseltamivir and peramivir were 920- and 260-fold 
higher, respectively, than those of the 236 wild-type 
viruses. The dual H275Y/G147R mutant virus exhibited 
2,600- and 1,400-fold higher IC50 values to oseltami-
vir and peramivir, respectively, compared with the 
wild-type viruses. These results indicate that the dual 
H275Y/G147R mutant virus showed highly reduced inhi-
bition with high increases in oseltamivir and peramivir 
IC50 values compared with values for the single H275Y 
mutant viruses. Furthermore, the IC50 value of the dual 
mutant virus to zanamivir was ca fivefold higher than 
the median IC50 values of the wild type and the single 
H275Y mutant viruses, although the dual mutant virus 
showed normal inhibition by laninamivir.

Discussion
The first widespread community cluster of the H275Y 
mutant A(H1N1)pdm09 virus was detected in Newcastle, 
Australia in 2011 [7]. The H275Y substitution in the NA 
protein would destabilise the mutant virus. However, 
two additional V241I and N369K substitutions in the 
NA of H275Y mutant viruses were reported to increase 
their replication and transmission fitness, contribut-
ing to efficient transmission [8,9]. Almost all recently 
circulating A(H1N1)pdm09 viruses possess these per-
missive substitutions, suggesting an increased risk for 
H275Y mutant viruses to emerge and spread globally 
[10]. Indeed, during the 2013/14 influenza season, the 
H275Y mutant viruses from a large community clus-
ter in Hokkaido, Japan carried these permissive sub-
stitutions. Following this finding, we subsequently 
increased nationwide monitoring for the H275Y mutant 
viruses in the 2015/16 season and detected an H275Y 
mutant with V241I and N369K and an additional G147R 
substitution in the NA protein from an immunocom-
promised inpatient. The IC50 fold changes of a num-
ber of NA inhibitors for the dual H275Y/G147R mutant 
virus compared with those for the single H275Y viruses 
showed clearly the synergistic effect of this dual sub-
stitution (Figure 2).

Hooper et al. reported that the G147R substitution in 
the NA protein has been detected in A(H1N1)pdm09, in 
the former seasonal A(H1N1) as well as in the A(H5N1) 
viruses where it conferred receptor-binding activity to 
the NA proteins of these viruses, similar to a D151G 
substitution in the NA of A(H3N2) viruses [11,12]. 
Phylogenetic analyses suggested that these G147R 
mutant viruses occurred sporadically in nature, while 

Figure 1
Detection of influenza viruses, September 2015–April 
2016 (week 36, 2015–18, 2016)a, Japan (n = 5,778)
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the D151G substitution emerged during propagation of 
virus in MDCK cell culture [11,12]. 

Residue 147 is located in a 150-loop that includes 
residues 147 to 152 adjacent to the NA active site as 
shown in Figure 3 [13]. A previous study reported it as 
having an essential role in the conformation of the 150-
loop [14]. Our structural analysis of the NA protein of 
the dual H275Y/G147R mutant virus using Molecular 
Operating Environment, MOE, (Chemical Computing 
Group Inc., Quebec, Canada) [15] suggests that the 

G147R substitution may alter the stability of the 150-
loop because the side chain of arginine is larger than 
that of glycine (Figure 3), negatively affecting the bind-
ing affinity to NA inhibitors. 

The G147R substitution of N1 NA has been shown to 
slightly decrease enzymatic activity but not to affect 
the viral replication fitness [12]. These results, together 
with the findings of recent H275Y mutant viruses car-
rying permissive substitutions, V241I and N369K, sug-
gest that the dual H275Y/G147R mutant virus had the 

Figure 2
Susceptibility to neuraminidase inhibitors of influenza A(H1N1)pdm09 viruses with H275Y and G147R substitutions 
detected in Japan, September 2015–April 2016 (n = 256)
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potential to replicate efficiently. In this study, we found 
that the dual H275Y/G147R mutant virus grew well in 
cell culture. Furthermore, the patient infected with the 
dual H275Y/G147R mutant virus developed pneumonia 
without isolation of bacterial pathogens, suggesting 
viral pneumonia with this dual mutant virus.

Immunocompromised patients are at great risk for 
emergence of the antiviral resistant virus because of 
the selective pressure from prolonged exposure to 
antiviral drugs [16]. A high rate and prolonged shed-
ding of the H275Y mutant A(H1N1)pdm09 virus in immu-
nocompromised patients treated with oseltamivir and/
or peramivir were reported previously [17]. As a speci-
men from the husband of the patient was unavailable, 
we cannot rule out that the patient was infected with a 

virus readily carrying the G147R substitution. Results 
of this study nevertheless suggest that this substi-
tution likely occurred in the patient during perami-
vir treatment. On the other hand, whether the H275Y 
mutation had already occurred or not before infection 
remains unclear. Other additional substitutions, I223R 
and S247N, in the NA protein of H275Y mutant A(H1N1)
pdm09 viruses have been reported and showed a syn-
ergistic effect with the H275Y substitution on the reduc-
tion of NA inhibitor susceptibility [18,19]. Although the 
frequencies of these dual substitutions were low, the 
surveillance of antiviral-resistant viruses should be 
continued to protect public health and support clinical 
management, particularly for high risk populations.

The Influenza Virus Surveillance Group of Japan
The members of the Influenza Virus Surveillance Group of 
Japan are: Rika Komagome (Hokkaido Institute of Public 
Health), Asami Ohnishi (Sapporo City Institute of Public 
Health), Rika Tsutsui (Aomori Prefectural Public Health and 
Environment Center), Masaki Takahashi (Research Institute 
for Environmental Sciences and Public Health of Iwate 
Prefecture), Yuko Suzuki (Miyagi Prefectural Institute of 
Public Health and Environment), Yu Watanabe (Sendai City 
Institute of Public Health), Chihiro Shibata (Akita Prefectural 
Research Center for Public Health and Environment), Yohei 
Matoba (Yamagata Prefectural Institute of Public Health), 
Yoshiko Kashiwagi (Fukushima Prefectural Institute of Public 
Health), Miwako Kato (Niigata Prefectural Institute of Public 
Health and Environmental Sciences), Kazunari Yamamoto 
(Niigata City Institute of Public Health and Environment), 
Ikuko Doi (Ibaraki Prefectural Institute of Public Health), 
Takako Suzuki (Tochigi Prefectural Institute of Public 
Health and Environmental Sciences), Shunsuke Kataoka 
(Utsunomiya City Institute of Public Health and Environment 
Science), Hiroyuki Tsukagoshi (Gunma Prefectural Institute 
of Public Health and Environmental Sciences), Noriko Suzuki 
(Saitama Institute of Public Health), Yuka Uno (Saitama City 
Institute of Health Science and Research), Noriko Oitate 
(Chiba Prefectural Institute of Public Health), Wakako 
Nishikawa (Chiba City Institute of Health and Environment), 
Sachiko Harada (Tokyo Metropolitan Institute of Public 
Health), Sumi Watanabe (Kanagawa Prefectural Institute of 
Public Health), Chiharu Kawakami (Yokohama City Institute 
of Public Health), Hideaki Shimizu (Kawasaki City Institute 
of Public Health), Hazime Amano (Yokosuka Institute of 
Public Health), Sayoko Arakawa (Sagamihara City Institute 
of Public Health), Masayuki Oonuma (Yamanashi Institute 
for Public Health), Mami Shimazaki (Nagano Environmental 
Conservation Research Institute), Yuichiro Okamura (Nagano 
City Health Center), Yukiko Sakai (Shizuoka Institute of 
Environment and Hygiene), Nona Shibahara (Shizuoka City 
Institute of Environmental Sciences and Public Health), 
Toshihiko Furuta (Hamamatsu City Health Environment 
Research Center), Masatsugu Obuchi (Toyama Institute of 
Health), Hiroe Kodama (Ishikawa Prefectural Institute of 
Public Health and Environmental science), Eiko Hirano (Fukui 
Prefectural Institute of Public Health and Environmental 
Science), Masahiro Nishioka (Gifu Prefectural Research 
Institute for Health and Environmental Sciences), Yoshihiro 
Yasui (Aichi Prefectural Institute of Public Health), Takuya 
Yano (Mie Prefecture Health and Environment Research 
Institute), Hiromi Kodama (Shiga Prefectural Institute of 
Public Health), Jun Torii (Kyoto Prefectural Institute of Public 
Health and Environment), Akiko Nagasao (Kyoto City Institute 
of Health and Environmental Sciences), Satoshi Hiroi (Osaka 
Prefectural Institute of Public Health), Hideyuki Kubo (Osaka 
City Institute of Public Health and Environmental Sciences), 
Kiyoko Uchino (Sakai City Institute of Public Health), Tomohiro 

Figure 3
Three-dimensional structure of the neuraminidase protein 
of influenza A(H1N1)pdm09 virus with the H275Y and 
G147R substitutions

A.	 H275Y 

B.	 H275Y/G147R 

Structure models of the neuraminidase proteins of the single 
H275Y (A) and the dual H275Y/G147R (B) mutant viruses were 
constructed by homology modelling. The crystal structure of the 
A(H1N1)pdm09 neuraminidase protein (PDB ID: 4B7R) was used 
as the modelling template.

A 150-loop in the neuraminidase protein is shown in green.
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Oshibe (Hyogo Prefectural Institute of Public Health and 
Consumer Sciences), Ai Mori (Kobe Institute of Health), Daichi 
Sugimoto (Nara Prefecture Institute of Health), Yuki Matsui 
(Wakayama Prefectural Research Center of Environment 
and Public Health), Hidenobu Ekawa (Wakayama City 
Institute of Public Health), Nobuyuki Kato (Tottori Prefectural 
Institute of Public Health and Environmental Science), 
Tetsuo Mita (Shimane Prefectural Institute of Public Health 
and Environmental Science), Yasuhiro Matsuoka (Okayama 
Prefectural Institute for Environmental Science and Public 
Health), Shinichi Takao (Center for Public Health and 
Environment, Hiroshima Prefectural Technology Research 
Institute), Miwako Yamamoto (Hiroshima City Institute 
of Public Health), Shoichi Toda (Yamaguchi Prefectural 
Institute of Public Health and Environment), Marina Uramoto 
(Tokushima Prefectural Public Health, Pharmaceutical and 
Environmental Sciences Center), Yukari Terajima (Kagawa 
Prefectural Research Institute for Environmental Sciences 
and Public Health), Fumi Mizota (Ehime Prefecture Institute 
of Public Health and Environmental Science), Tae Taniwaki 
(Kochi Public Health and Sanitation Institute), Yuki Ashizuka 
(Fukuoka Institute of Health and Environmental Sciences), 
Hideomi Furukawa (Fukuoka City Institute of Health and 
Environment), Takashi Kimura (Kitakyushu City Institute of 
Environmental Sciences), Katsuyuki Ando (Saga Prefectural 
Institute of Public Health and Pharmaceutical Research), 
Kana Miura (Nagasaki Prefectural Institute for Environment 
Research and Public Health), Kenta Yoshioka (Kumamoto 
Prefectural Institute of Public-Health and Environmental 
Science), Kaori Nishizawa (Kumamoto City Environmental 

Research Center), Miki Kato (Oita Prefectural Institute of 
Health and Environment), Miho Miura (Miyazaki Prefectural 
Institute for Public Health and Environment), Yuka Iwamoto 
(Kagoshima Prefectural Institute for Environmental Research 
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Table
Influenza A(H1N1)pdm09 viruses with G147R substitution submitted to the GISAID’s EpiFlu Database

GISAID Isolate ID Country Collection 
date Isolate name Originating 

laboratory
Submitting 
laboratory NA substitution

EPI_ISL_63723 Finland 2009–07–
24 A/Finland/614/2009 Other Database Import G147R 275H

EPI_ISL_108540 China 2011–01–
08 A/Tianjinhedong/SWL44/2011 Other Database Import G147R 275H

EPI_ISL_123113 Singapore 2011–02–
09 A/Singapore/SGH02/2011 Other Database Import G147R 275H

EPI_ISL_98830 Argentina 2011–08–
05 A/Argentina/656/2011

Instituto Nacional 
de Enfermedades 

Infecciosas

Centers for Disease 
Control and 
Prevention

G147R 275H

EPI_ISL_150164 India 2013–09–
07 A/India/3743/2013 National Institute 

of Virology

Centers for Disease 
Control and 
Prevention

G147R 275H

EPI_ISL_212270 UK 2014–03–
13 A/England/354/2014

Microbiology 
Services Colindale, 

Public Health 
England

Microbiology 
Services Colindale, 

Public Health 
England

G147R 275H

EPI_ISL_164370 India 2014–05–
24 A/India/5964/2014 National Institute 

of Virology

Centers for Disease 
Control and 
Prevention

G147R 275H

EPI_ISL_207955 United 
States

2016–01–
01 A/Wisconsin/02/2016

Wisconsin State 
Laboratory of 

Hygiene

Centers for Disease 
Control and 
Prevention

G147R 275H

EPI_ISL_209086 Russian 
Federation

2016–01–
15 A/Orenburg/05/2016 Information not 

available

State Research 
Center of Virology 
and Biotechnology 

Vector

G147R 275H

EPI_ISL_220376 Japan 2016–03–
11 A/Hiroshima/13/2016

Hiroshima 
Prefectural 
Technology 

Research Institute

National Institute 
of Infectious 

Diseases
G147R H275Y

GISAID: Global Initiative on Sharing All Influenza Data; NA: neuraminidase.
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In England and Wales, meningococcal disease caused 
by group W has historically been associated with out-
breaks of disease among travellers to high-risk coun-
tries. Following a large outbreak associated with travel 
to the Hajj in 2000, the number of cases declined and, 
in 2008, only 19 laboratory-confirmed cases were iden-
tified nationally. In 2013, in the East Midlands region 
of England, eight cases of meningococcal disease 
caused by this serogroup were recorded, compared 
with six from 2011 to 2012. To explore this further, data 
for all cases with a date of onset between 1 January 
2011 and 31 December 2013 were collected. Data col-
lected included geographical location, clinical presen-
tation and outcome. Fourteen cases were identified; 
two died as a result of their illness and two developed 
long-term health problems. No commonality in terms 
of geographical location, shared space or activities 
was identified, suggesting that group W is circulating 
endemically with local transmission. Clinical presenta-
tion was variable. Half presented with symptoms not 
typical of a classical meningococcal disease, including 
two cases of cellulitis, which may have implications 
for clinicians, in terms of timely identification and 
treatment, and public health specialists, for offering 
timely antibiotic chemoprophylaxis to close contacts.

Introduction
There are 13 Neisseria meningitidis capsular groups 
known to cause invasive meningococcal disease (IMD); 
in England and Wales, around 80% of cases are caused 
by capsular group B (MenB) [1]. Meningococcal group 
W (MenW) has historically been responsible for only a 
small proportion of disease in England and Wales. In 
2000, however, there was a major international out-
break of meningococcal disease caused by group W 

(type 2a subtype P1.2, P1.5) associated with pilgrims 
attending the Hajj. Previously, this strain had only 
rarely been isolated in European countries [2]. In just 
over four months in 2000, 90 cases were reported from 
nine European counties, with 42 of these in the United 
Kingdom (UK) and 24 in France [2].

Following the Hajj-related outbreak, MenW became an 
increasingly common cause of IMD in different parts of 
the world. In Gauteng Province in South Africa (which 
includes the cities of Pretoria and Johannesberg), for 
example, MenW is now considered endemic, account-
ing for 75% of cases in 2005 compared with 7% in 2000 
[3]. In 2002, in Burkina Faso, 13,000 suspected cases 
were recorded, with the highest attack rates seen in 
infants aged one year and under (1,092/100,000) [4]. 
Other sub-Saharan countries have similarly reported 
an increase in MenW disease, also in young children, 
following the successful implementation of the MenA 
conjugate vaccine [5,6].

Following the introduction of mandatory vaccination for 
Hajj pilgrims, the number of MenW cases in England 
and Wales declined rapidly, from 5.2% (127/2,448) 
laboratory-confirmed IMD cases in the 2000/01 epi-
demiological year to1.8% (21/1,164) in 2008/09. Since 
2009/10, however, MenW cases have increased year-
on-year, with 98 cases confirmed in 2013/14, account-
ing for 15% of 664 IMD cases [7].

In 2013, health protection teams working in the East 
Midlands area of England were notified of eight MenW 
cases, including six cases notified within a three-month 
period (September to November 2013). We therefore 
undertook detailed analysis of all laboratory-confirmed 
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MenW cases in the East Midlands over three calen-
dar years (2011–2013) to identify any epidemiological 
links between the cases and to describe key features, 
including patient demographics, travel history, co-mor-
bidities, clinical presentation, complications at hospi-
tal discharge and outcome.

Methods
All laboratory-confirmed IMD cases reported to Public 
Health England (PHE) between 1 January 2011 and 31 
December 2013 in the East Midlands region of England 
were identified through a systematic search of HPZone, 
a national computerised system used to record all 
health protection activity undertaken by Public Health 
England. It is designed to assist with public health 
management of individual cases and to facilitate out-
break and incident management. Data for one area 
of the East Midlands (Northamptonshire) were only 
available up to April 2013 as changes in geographical 

boundaries meant this area became the responsibil-
ity of another regional health protection team. Queries 
were developed to identify any HPZone cases with ‘W’ 
and ‘meningococcal’ mentioned in key recording fields. 
The confirmed meningococcal cases in the period of 
interest were also hand-searched. For validation pur-
poses, cases occurring in 2013 were checked against 
data held by PHE’s national Meningococcal Reference 
Unit (MRU) in Manchester. All identified cases were 
included in the MRU dataset and no further eligible 
cases were found. Submission of invasive meningo-
coccal isolates to the MRU allows both phenotypic and 
comprehensive genotypic characterisation for local 
and national surveillance, including identification of 
closely-related strains in clusters and outbreaks. Since 
July 2010, all clinical isolates have been subjected to 
whole genome sequencing [8]. The MRU also provides 
a free national PCR-testing service for National Health 
Service (NHS) for non-culture confirmation of IMD in 

Table 1
Clinical presentation, sub-type, outcome and underlying health conditions by age group for invasive meningococcal group 
W disease cases observed in the East Midlands region of England, United Kingdom, 2011–2013 (N = 14)

Clinical characteristic
Number of cases by age category

Total (N = 14)0–5 years 
(n = 3)

6–50 years 
(n = 5)

 > 50 years 
(n = 6)

Recorded symptoms on admission 
Fever 2 1 2 5
Respiratory
Runny nose 2 0 1 3
Breathing difficulties 1 0 1 2
Chest pain 0 1 1 2
Gastrointestinal symptoms 
Diarrhoea 1 1 1 3
Vomiting 0 1 1 2
Abdominal pain 0 1 0 1
Skin and soft tissue 
Non-blanching rash 1 0 1 2
Cellulitis 0 1 1 2
Bone and joint 
Joint pain 0 0 1 1
Septic joint 1 0 0 1
Neurological 
Headache 0 0 1 1
Non-specific 
Tiredness 0 0 1 1
Underlying health conditions
Immunocompromised 0 1 0 1
Diabetes 0 0 1 1
Outcome
Death 1 0 1 2
Serious long-term consequences 0 1a 0 1
Other long-term consequences 0 1b 0 1
No complications 2 3 5 10

a Locked-in syndrome.
b Bilateral hearing loss.
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suspected cases and identification of the responsi-
ble meningococcal capsular group. Information was 
collated on method of case identification, the phe-
notype (serotype and sero-subtype) and the multi-
locus sequence type (MLST) clonal complex (CC) as 
described in the Meningitis Research Foundation (MRF) 
Meningococcus Genome Library MGL, (http://www.
meningitis.org/research/genome).

Data from identified MenW cases were extracted using 
a pre-defined questionnaire and entered into Microsoft 
Excel for descriptive analysis. Data collected included 
demographic information, risk factors, activity in the 
seven days before onset, clinical presentation and out-
come. Date of onset, date of hospitalisation and date 
of notification to PHE were also collected and used to 
assess any differences in time to notification for MenW 
cases with typical and atypical clinical presentations. 
The i2 Analyst’s Notebook software package was also 
used to provide a visual representation of each case 
and to facilitate the identification of any commonality 
between cases.

Results
The HPZone search identified 14 laboratory-confirmed 
MenW cases in the East Midlands region during 2011–
13. Just over half of cases were female (n = 8, 57.1%) and 
only one case had a recorded ethnicity that was not 
White British. The median age of cases was 47 years 
(range: 3 months to 87 years) and half the cases were 
diagnosed in ≥ 45 year-olds. Three cases were in infants 
(aged < 1 year), including one who died as a result of 
the infection. All cases were assessed for commonal-
ity in relation to date of onset, geographical location 
and contact history in the seven days before onset. 
There were six cases in 2 years: three in 2011 and three 
in 2012, and eight cases in 2013, including six in the 
period from 1 September 2013 to 30 November 2013. 
No commonality between these cases could be identi-
fied. In terms of activity in the seven days before IMD 
onset, three had a travel history recorded: one within 
the UK and two abroad, but not to countries at high-
risk for MenW (for example, Sub-Saharan Africa). From 
the information available, none of the cases had been 
in contact with anyone who had recently travelled to a 
high-risk country.

The age distribution, clinical presentation, co-morbidi-
ties and outcomes are summarised in Table 1.

The most commonly recorded symptom at admission 
was fever, followed by coryzal symptoms and diar-
rhoea. Of the 14 cases, seven were considered to have 
an atypical presentation. One case presented with 
abdominal pain and fever and was initially diagnosed 
with appendicitis, while another case presented with 
diarrhoea and vomiting only. Two other cases pre-
sented with cellulitis and another with a septic joint. 
The overall median time from hospitalisation to report-
ing the case to PHE was two days (interquartile range: 
2.5 days). For cases with atypical presentation the 

median was three days (interquartile range: 5 days) 
compared with 0.5 days (interquartile range: 1.75 days) 
for those with typical presentation.

Three cases had a known underlying health condition; 
one was immunocompromised, another had diabetes 
and the third had borderline myeloma but was not 
immunocompromised. Two patients died as a result 
of their illness, an infant and an older adult aged > 85 
years. One case also developed locked-in syndrome 
after reaching hospital in a critical condition and 
another developed bilateral hearing loss following 
MenW meningitis.

Thirteen cases were confirmed by culture and one by 
PCR only (Table 2).

All 13 meningococcal isolates underwent serologi-
cal phenotyping and 10 (76.9%) were serotype 2a, of 
which seven (53.8%) were sero-subtypes P1.5 or P1.2 
(Table 2).

MLST CC was available for all 13 culture positive cases 
and of these 10 belonged to clonal complex cc11, 
thereby confirming the strong association between 
serotype 2a and cc11. All seven case isolates pheno-
typed as sero-subtype P1.5 and P1.2 were confirmed 
as porAVR1 5 and porAVR2 2. The 10 cc11 case isolates 
were subjected to whole genome sequencing as part 
of enhanced national surveillance and belonged to 
the South American/UK strain recently identified and 
reported by PHE MRU [8]. The PCR-only case was deter-
mined to be porAVR1 5 and porAVR2 2 by specific gene 
sequencing.

Discussion
The recent increase in MenW cases diagnosed in the 
East Midlands mirrors the national year-on-year rise 
in laboratory-confirmed MenW cases since 2009 [7]. 
Detailed analysis of the 14 identified cases found no 
clear epidemiological link between the cases, but high-
lighted the severe course of illness with unfavourable 
outcomes across all age groups. The lack of overseas 
travel to high-risk countries and a lack of shared activi-
ties or space, suggests that this strain is circulating in 
our region with local transmission. Furthermore, molec-
ular characterisation and whole genome sequencing of 
clinical isolates found a single strain to be responsible 
for 10 of the 13 cases [8]. Because of the small num-
ber of cases, it is not possible to determine whether 
this particular strain was associated with more severe 
disease outcomes, in terms of clinical presentation, 
long-term complications or death. However, our find-
ings do fit with existing evidence that, when compared 
with the more common MenB cases, MenW cases were 
more likely to have atypical clinical presentations [7]. 
Atypical clinical presentations have important implica-
tions in terms of delays in diagnosis and notification to 
health protection teams, leading to delays in treatment, 
contact tracing and timely administration of antibiotic 
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chemoprophylaxis to close contacts for prevention of 
secondary IMD cases.

Internationally, policies vary but vaccination is gener-
ally restricted to high-risk groups or as part of outbreak 
management. Exceptions include the United States 
where all 11–18 year olds are offered the conjugate 
quadrivalent MenACWY vaccine [9]. In August 2015, 
and in response to rapid expansion of the endemic 
hyper-virulent MenW cc11 strain, a MenACWY catch-up 
programme was introduced in the UK for young peo-
ple aged 14–18 and those aged less than 25 years and 
attending university for the first time [10]. In England 
and Wales, vaccination against MenW is also recom-
mended for travellers to MenW endemic countries, for 
at-risk individuals with conditions such as asplenia, 
hyposplenia and complement deficiency, and also for 
close contacts of patients with IMD caused by this 
serogroup [1].

It is important that clinicians are aware of the chang-
ing IMD epidemiology and the unique characteristics of 
MenW that differentiate this capsular group from the 
classical presentations associated with MenB or MenC. 
IMD generally can be difficult to diagnose because 
symptoms are often similar to a viral illness, especially 
in the early stages of illness (e.g. fever, headache, 
runny nose). Classical symptoms associated with IMD 
such as the non-blanching rash, neck stiffness and 
impaired consciousness tend to present later, by which 
time the patient is already seriously ill and more likely 
to have an adverse outcome [11]. In our cohort, informa-
tion on clinical presentation was derived from informa-
tion recorded when the patient arrived at the hospital 
emergency department. Notably, more than half of the 
patients did not have any of the classical symptoms of 

meningococcal disease. This is consistent with pub-
lished reports confirming that patients with MenW are 
more likely to develop non-meningeal manifestations 
such as arthritis, pericarditis and pneumonia [12-14]. In 
France, analysis of all cases of meningococcal disease 
between 1999 and 2002 found that MenW was sig-
nificantly more likely than other capsular groups to be 
associated with meningococcal arthritis and meningo-
coccal pneumonia [12]. Two patients in our cohort pre-
sented with cellulitis, which is a rare manifestation of 
IMD, previously only reported in individual case reports 
or small case studies and more often associated with 
MenY or MenB [15,16]. IMD presentation with common 
gastrointestinal symptoms such as diarrhoea and vom-
iting has also been reported in the literature. In one 
study, for example, 24 patients were erroneously hos-
pitalised for gastrointestinal symptoms (with two hav-
ing appendectomy) and were subsequently found to 
have meningococcal disease [12]. The age distribution 
of MenW cases is also different to the more common 
MenB or MenC cases. In our cohort, for example, half 
the cases were diagnosed in older adults, who would 
generally not be considered to have IMD, especially if 
they develop atypical clinical manifestations such as 
pneumonia or septic arthritis.

An important consequence of the unusual clinical pres-
entation of MenW disease is that a diagnosis of IMD 
is often not considered until N. meningitidis is isolated 
from sterile-site cultures (blood, cerebrospinal fluid 
(CSF), joint), which on average takes 24–72 hours. 
Confirmation of capsular group can take longer because 
this requires isolate submission to the national refer-
ence laboratory. While PCR confirmation of IMD and 
capsular group may be quicker, it requires the clini-
cian to consider IMD in the differential diagnosis. In 

Table 2
Phenotype and genotype of culture for all 14 cases observed in the East Midlands region of England, United Kingdom, 
2011–2013

Case number Age category 
(years old) Phenotype

Sequence typing from whole genome sequencing
porAVR1 porAVR2 Sequence type Clonal complex

1 0–5 W:2a:P1.5,2 5 2 11 11
2 0–5 W (PCR only) 5 2 NA NA
3 0–5 W:NT:P1.5 5–1 10–4 184 22
4 6–50 W:2a:P1.5,2 5 2 11 11
5 6–50 W:2a:P1.5,2 5 2 11 11
6 6–50 W:2a:P1.2 5 2 11 11
7 6–50 W:2a:P1.5,2 5 2 11 11
8 6–50 W:2a:NT 5 2 11 11
9 > 50 W:NT:P1.3 18–1 3 1281 22
10 > 50 W:2a:P1.5,21 5 2 11 11
11 > 50 W:2a:P1.14 7–2 14 11 11
12 > 50 W:2a:P1.5,2 5 2 10651 11
13 > 50 W:2a:P1.5,2 5 2 11 11
14 > 50 W:NT:NT 22 14 184 22

NA: not available.
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England and Wales, local hospital laboratories do not 
offer PCR-testing for meningococcal disease. Therefore, 
the sterile-site samples (blood/CSF/joint) have to be 
submitted to the national reference laboratory (MRU), 
which offers a free national PCR-testing service. This is 
less likely to occur if patients have non-specific and/or 
atypical clinical presentations, which is more likely to 
occur with MenW. The submission of all meningococcal 
isolates to the MRU, irrespective of PCR investigations, 
is essential for continued national surveillance, par-
ticularly in light of the two new meningococcal immuni-
sation programmes introduced in 2015 [17].

The analysis presented here is limited by the small num-
ber of cases, but we have identified a clear increase in 
MenW cases locally, which is consistent with national 
trends. The recent emergence of a single strain respon-
sible for most of the recent MenW cases and the lack 
of a travel history in most patients suggest that this 
strain is endemic and could lead to further increases in 
MenW cases. Moreover, although HPZone records lim-
ited clinical data, we found that a considerable propor-
tion of cases did not have the classical symptoms of 
IMD and, as a result, diagnosis and treatment (as well 
as public health notification and antibiotic chemopro-
phylaxis for close contacts) may be delayed. Clinicians 
should, therefore, be aware of the national increase in 
MenW cases, the atypical clinical presentations associ-
ated with MenW disease and the importance of early 
notification of confirmed cases to local health protec-
tion teams to ensure timely chemoprophylaxis and vac-
cination are offered to close contacts.
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A universal immunisation programme against varicella 
in the form of the measles-mumps-rubella-varicella 
(MMRV) vaccine for toddlers aged 13–15 months was 
introduced in Tuscany in July 2008. An assessment 
of the impact of this programme on varicella-related 
hospitalisations 4 years after its introduction could 
further support its adoption at a national level. The 
hospitalisation data were analysed in two periods: 
pre-vaccination (2004–2007) and vaccination period 
(2009–2012). The high coverage of the vaccines (84% 
in 2012) resulted in a significant decline in notifi-
cations, from 33,114 (2004–2007) to 13,184 cases 
(2009–2012), and also of hospitalisations, from 584 
(pre-vaccination period) to 325 (vaccination period). 
The hospitalisation rate was 4.1 per 100,000 (95% 
confidence intervals (CI): 3.4–4.7) before the introduc-
tion of vaccination, which dropped to 2.2 per 100,000 
(95% CI: 1.7–2.7) in the vaccination period (hospitali-
sation risk ratios: 0.54; 95% CI:  0.472–0.619). The 
reduction was most significant in the youngest age 
groups. The introduction of universal vaccination has 
already led to a significant decline in hospitalisations 
due to varicella after just 4 years of implementation. 
Hospitalisation rates fell noticeably among younger 
individuals involved in the vaccination programme. 
The decrease in hospitalisation rate in the older age 
groups suggests a possible indirect protection.

Introduction
Varicella (chickenpox) is the primary manifestation of 
infection with the varicella zoster virus (VZV) and is a 
widespread and highly contagious infectious disease. 
Today, varicella is recognised as the most common 
exanthematic disease in children in Italy, with an esti-
mated number of 500,000 new cases each year [1,2]. 
Seroprevalence studies confirm that VZV infection is 
still predominantly a paediatric infection in Italy, and 
that there are no substantial differences between 
blood samples collected in 1996–1997 and those col-
lected in 2003–2004 [2,3].

An effective and safe monovalent varicella vaccine 
has been available in Italy since 1995. However, vari-
cella immunisation has not been widely adminis-
tered in Italy in the previous decades. In the National 
Vaccination Plan 2005–2007, the varicella vaccine 
was recommended only to individuals with a high risk 
of complications and to susceptible adolescents [4]. 
However, in order to avoid a shift in the median age 
of VZV infection towards adulthood, the plan advised 
introduction of routine childhood varicella vaccina-
tion in regions that have been able to achieve and 
maintain high vaccination coverage against measles, 
mumps and rubella (MMR) [4]. As a result of these indi-
cations, universal immunisation against varicella was 
not homogeneously implemented at the national level 
[5,6]. According to an earlier survey of vaccination cov-
erage carried out in Italy by the National Institute of 
Health (Istituto Superiore di Sanità), the reported child-
hood vaccination coverage, involving one dose of the 
varicella vaccine at 24 months of age, was only 17.1% 
(range: 15.7–18.6%) in Italy in 2008 [7].

In the Italian National Vaccination Plan 2012–2014, 
(which is the schedule currently being used in 2016) 
the implementation of universal varicella vaccina-
tion at the national level was pushed back until such 
time when the monitoring and data evaluation of the 
pilot programmes carried out in some Italian regions 
(Basilicata, Calabria, the autonomous province of 
Bolzano, Puglia, Sardinia, Sicily, Tuscany, and Veneto) 
would be available [8]. Assessment of the epidemio-
logical and economic impact of immunisation against 
varicella through these regional programmes will ena-
ble the rationale for the aforementioned decision to be 
validated. At the time of publication, the evaluation 
and related implementation at the national level have 
not yet been performed.

Tuscany was one of the first Italian regions to introduce 
and implement a universal vaccination programme 
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against varicella with a combined MMRV vaccine for 
children aged 13–15 months (first dose) and 5 to 6 
years (second dose), in July 2008 [9]. The impact of this 
preventive intervention was evaluated 4 years after the 
implementation.

In particular, the objective of our study is to evaluate 
the impact of universal varicella vaccination in Tuscany 
by analysing all varicella-related hospitalisations 
reported in the period 2004–2012.

Methods
The hospital discharge records related to varicella were 
analysed in order to evaluate the impact of universal 
varicella vaccination on the hospitalisation rate in 
Tuscany. Hospitalisation data for 2004–2012 were col-
lected from the Tuscan regional database. In particular, 
all hospitalised cases for varicella or its complications, 
as a primary or secondary discharge diagnosis, with 
the following ICD-9-CM codes (2002 and 2007) were 
examined: 052.0 (post-varicella encephalitis), 052.1 
(varicella (haemorrhagic) pneumonitis), 052.2 (post-
varicella myelitis), 052.7 (varicella with other specified 
complications), 052.8 (varicella with unspecified com-
plication), and 052.9 (varicella without complication) 
[10].

For each hospitalised case, the collected information 
included year of hospitalisation, age at time of dis-
charge, sex, region of origin, local health unit, coun-
try of residence, hospital days, primary and up to five 
secondary diagnoses, and total cost of hospitalisation. 
The costs of hospitalisation correspond to the refund-
ing by the region to the hospitals. Costs are calculated 
according to the diagnosis-related group (DRG), and 
also include the possible costs due to the additional 
days of hospitalisation in excess of the specific out-
lier threshold. Moreover, the resident population was 
grouped by age, as retrieved by the Italian National 
Institute of Statistics database, in order to calculate 
hospitalisation rates [11].

Hospitalisation data were compared with surveillance 
data obtained from the Tuscan regional database for 
varicella cases notified in Tuscany in the same period.

In addition, data on varicella vaccine coverage in chil-
dren aged 24 months in the period 2008–2012 were 
included in the analysis. Data on vaccination coverage 
were also collected from the Tuscan regional database.

Varicella-related hospitalisations were analysed as fol-
lows: (i) in the entire period 2004–2012, in order to 
evaluate the trend over time; (ii) in two periods of 4 
years each (the pre-vaccination period, 2004–2007; 
and the period following the vaccine’s introduction, 
2009–2012). Data from 2008, the transition year 
between the two periods mentioned above, were 
excluded from our analysis. The impact of universal 
varicella vaccination was assessed by calculating the 
hospitalisation risk ratios (HRRs) with a 95% confi-
dence interval (CI) (Mantel-Haenszel combined test).

Results

Varicella vaccination in Tuscany
Inclusion of the quadrivalent combined MMRV vaccine 
in the immunisation programme led to rapid achieve-
ment of high vaccine coverage against varicella in 
Tuscany, with a relevant dragging effect. In fact, vari-
cella vaccination with MMRV or monovalent varicella 
vaccines for children at 24 months of age achieved 
high coverage soon after implementation: 75.5% in 
2010, 82.2% in 2011, and 84.0% in 2012.

Varicella cases and hospitalisations
In Tuscany, 52,738 varicella cases were notified to 
the Regional Health Authority in 2004–2012. A dra-
matic overall reduction in the number of notifications 
was reported between 2004 (11,445 cases) and 2012 
(1,502 cases). The number of reported varicella cases 
in the vaccination period (13,184 cases) has been 
reduced by more than half (60.2% reduction) of that 
in the pre-vaccination period (33,114 cases). The aver-
age incidence rate has declined from 2.30 cases (95% 
CI: 2.25–2.35) to 0.89 cases (95% CI: 0.86–0.92) per 
1,000 inhabitants.

For the same period in 2004–2012, a total of 1,022 
hospital discharge records related to varicella or its 
complications were found in Tuscany. The number of 
hospitalisations due to varicella diseases showed a 
decreasing trend over the 9 years analysed: 189 hospi-
talisations for varicella (5.3 hospitalised cases/100,000 
inhabitants; 95% CI: 4.5–6.1) were reported in 2004 
and 44 in 2012 (1.2/100,000 inhabitants; 95% CI: 0.8–
1.6). In other words, there was a substantial reduction 
in the number of hospitalisations (by 77%) between 
2004 and 2012. The incidence of notified varicella 
cases and the rate of hospitalised cases for varicella 
diseases showed the same trend in the period 2004–
2012 in Tuscany (Figure 1).

Figure 1
Hospitalisation rate for varicella diseases and incidence of 
varicella, Tuscany, Italy, 2004–2012
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In the pre-vaccination period (2004–2007), there were 
584 hospitalised cases related to varicella or its com-
plications in Tuscany, while in the vaccination period 
(2009–2012) there were 325. A total reduction of 44% 
(259 fewer cases) in the number of hospitalisations due 
to varicella was observed between 2009 and 2012. In 
particular, the average hospitalisation rate for varicella 
diseases was 4.1 per 100,000 (95% CI: 3.4–4.7) in the 
period before the introduction of varicella vaccination 
in Tuscany. This dropped to 2.2 per 100,000 (95% CI: 
1.7–2.7) in the vaccination period (HRR: 0.54; 95% 
CI: 0.47–0.62).

Hospitalisations for varicella diseases analysed 
by age at time of discharge
In the period 2004–2012, the hospitalisation rates 
related to varicella or its complications showed a 
downward trend in almost all age groups, especially for 
children under 14 years of age. Children aged between 
1 and 4 years, who had historically been affected by 
varicella diseases and were enrolled in the current uni-
versal programme of varicella vaccination in Tuscany, 
appeared to be the age group that received the great-
est benefit from vaccination (a net reduction in hos-
pitalised cases by 90% in the 9-year period, from 60 
cases in 2004 to six cases in 2012, corresponding to 
a hospitalisation rate of 52.1 (95% CI: 38.9–65.3) and 
4.6 (95% CI: 0.9–8.4) per 100,000 inhabitants respec-
tively) (Figure 2).

On comparing the pre-vaccination and vaccination 
period data, the most relevant reduction (> 20%) in the 
rate of hospitalisation due to varicella diseases was 
again reported in children below 5 years of age (Table).

Hospital discharge records for varicella diseases 
analysed by discharge code
The hospital discharge records for primary and second-
ary diagnoses of varicella or its complications in the 
study period (2004–2012) were analysed. Among the 

1,022 hospitalised cases in Tuscany, a total of 1,041 
varicella-related codes (ICD-9-CM) were reported. Of 
these, 19 hospitalised cases had more than one code 
identifying varicella diseases in the discharge diagno-
sis. The most frequently reported discharge code was 
varicella without complication (052.9). In the period 
2004–2012, there were no hospitalisations for post-
varicella myelitis (ICD-9-CM 2007 code 052.2).

In the switch from the pre-vaccination years (2004–
2007) to the vaccination period (2009–2012), a net 
reduction in hospitalised cases was evident for all dis-
charge codes related to varicella. The greatest reduc-
tion in the number of hospitalised cases (178 cases) 
between the two periods (2004–2007 vs 2009–2012) 
pertained to the discharge diagnosis of varicella with-
out complications (052.9) (Figure 3). In fact, hospi-
talisations for this diagnosis decreased by 10.5% in 
individuals aged 1–14 years who were involved in the 
vaccination programme.

Total days of hospitalisation for varicella 
diseases
In the period 2004–2012, a total of 1,022 patients hos-
pitalised for varicella or its complications in Tuscany 
remained in the hospital for 6,112 days (an average 
of six hospital days per patient). The total number of 
hospital days showed a clear downward trend in the 
9 years analysed. In particular, while in 2004 patients 
were admitted for 960 days in total, in 2012 the total 
number of hospital days had decreased to 378 days, 
with an overall reduction of 61% between the first and 
the last year analysed in the study. In the pre-vaccina-
tion period (2004–2007), the total number of days hos-
pitalised was 3,388; this number decreased to 2,021 in 
the vaccination period (2009–2012), showing a reduc-
tion of 40% (1,367 days fewer). The average number of 
hospital days per patient ranged from 5.8 to 6.6 in the 
pre-vaccination and vaccination periods.

Figure 2
Hospitalisation rates for varicella, by age group, Tuscany, Italy, 2004–2012
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Cost of hospitalisations due to varicella 
diseases
In the period 2004–2012, the cost of the 1,022 hospi-
talisations for varicella or its complications in Tuscany 
amounted to EUR 2,506,422 (EUR 2,452 per patient on 
average). The total annual cost of hospitalisation has 
shown a decreasing trend in the 9 years analysed, 
similar to the trend in hospitalised cases. In particu-
lar, while 189 hospitalisations for varicella occurred 
in 2004, incurring a cost of EUR 455,267, in the final 
year of the study 44 patients were hospitalised for a 
total cost of EUR 106,311, an overall cost reduction of 
77%. In the pre-vaccination period (2004–2007) the 
total cost of hospitalisation due to varicella was EUR 
1,420,657 (EUR 355,164/year). In the vaccination period 
(2009–2012), the cost decreased to EUR 807,535 (EUR 
201,884/year). Therefore, hospital costs declined by 
43%, creating total savings of EUR 613,121, or EUR 
153,280/year.

In the switch from the pre-vaccination period (2004–
2007) to the vaccination period (2009–2012), a reduc-
tion in the total cost of hospitalisations for varicella 
diseases was reported in all age groups in Tuscany 
(Figure 4). However, the cost of hospitalisation 
increased among individuals over 64 years of age, 
though the number of hospitalised patients in this age 
group had not changed much from the pre-vaccination 
period (21 cases) to the vaccination period (25 cases). 
This slight increase in costs is mainly attributable to 
the specific case of an 80-year old patient whose pri-
mary diagnosis was pulmonary insufficiency, with sec-
ondary diagnoses including generalised convulsive 
epilepsy, cerebrovascular disease, a kidney disorder, 
and post-varicella encephalitis. This patient’s hospital 
costs amounted to EUR 34,724. The greatest reduc-
tion of hospitalisation costs in absolute number (EUR 
241,267) concerns the age group of 25–49 years (data 
not shown).

In the period 2004–2012, although the number of hos-
pitalised cases and the total annual cost of hospitalisa-
tion declined to a great extent, the cost per hospitalised 
case seemed to show a slight increasing trend over 
the 9 years analysed (Figure 5). In the pre-vaccination 
period (2004–2007), the average cost of hospitalised 
cases was EUR 2,433 per patient, while in the period of 
varicella vaccination (2009–2012), this cost increased 
by 2% to EUR 2,485, with an increment of EUR 52 in the 
average hospitalisation cost of each patient.

Discussion and conclusions
The routine immunisation of toddlers against vari-
cella has not yet been widely implemented in Europe. 
Assessment of the epidemiology and disease burden 
of varicella in each country and evidence for the effec-
tiveness of varicella vaccination could provide support 
for decision on implementation of routine childhood 
programmes [12]. Generally, only a small percentage 
of people infected with varicella diseases are hospital-
ised in Italy. However, the period 2000–2003 saw an 

Figure 3
Number of hospitalised cases for varicella diseases, by 
diagnosis codea, Tuscany, Italy, in the pre-vaccination 
(2004–2007) and vaccination periods (2009–2012)
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Figure 4
Total cost of hospitalisation for varicella diseases, by age 
group, Tuscany, Italy, pre-vaccination (2004–2007) and 
vaccination periods (2009–2012)
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Figure 5
Cost per hospitalised case for varicella diseases, Tuscany, 
Italy, 2004–2012
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annual average of 1,575 hospitalisations where vari-
cella was the primary diagnosis (1,521 hospitalisations 
and 54 day-hospital admissions) with a mean hospital 
stay of 5.3 days per person [2]. Approximately one-third 
of these cases occurred in people older than 14 years 
and could have been prevented through a programme 
of universal vaccination, including an active offer of 
varicella vaccine to adolescents and adults at high risk 
without any anamnestic history of varicella diseases 
[2].

The results of our study show that the introduction of 
a universal varicella vaccination with MMRV vaccine in 
Tuscany for all newborns has already resulted in a sig-
nificant reduction in varicella notifications as well as 
in the number of hospitalisations due to varicella and 
related costs, within the first 4 years of implementa-
tion. In particular, the current analysis highlights that 
the number of hospitalised cases has been greatly 
reduced, especially among younger individuals who 
were involved in the vaccination programme. However, 
a positive impact of vaccination on the hospitalisation 
rate is also evident in other age groups, suggesting a 
herd immunity effect. Our data on significant reduction 
of hospitalisation due to varicella in adults are com-
patible with the results published in Canada [13] and 
the United States (US) [14] but contradict the hospi-
talisation data in Germany, where results do not dem-
onstrate herd protection against varicella with 87% 
vaccination coverage [15]. In addition, the absence of 
a shift of infection time to the older age groups could 
be explained by the high vaccination coverage among 
children. Comparing hospitalisation for uncomplicated 
varicella (the most frequent discharge diagnosis) in the 
pre-vaccination period (2004–2007) and in the vac-
cination period (2009–2012), a clear reduction is evi-
dent, thus suggesting that the slight increase in the 
cost per hospitalised patient might be due to a higher 
chance that only the most severe cases were hospital-
ised during the vaccination period.

Limitations of the study are mainly due to the fact that 
our data on hospitalisations are based on administra-
tive data. A greater appropriateness of hospital admis-
sions during the examined period cannot be excluded 
as an additional factor in the reduction of hospitalisa-
tion rate. Another possible limitation is that varicella 
may have been coded as zoster or vice versa, even 
though we included only hospitalisation related to vari-
cella in the analysis. Therefore, the magnitude of the 
decline implies a marked positive effect of the rapid 
increase in the vaccination coverage, achieved due to 
the availability of the quadrivalent MMRV vaccine.

Our study confirms the remarkably favourable clinical 
impact on notified cases and varicella-related hospi-
talisations reported in two other Italian regions (Sicily 
and Veneto), a few years after the implementation 
of the immunisation programme. Sicily was the first 
Italian region to offer a universal active vaccination 
against varicella free of charge to infants at 15 months 
of age and to all susceptible adolescents at 12 years of 
age, in January 2003 [16,17].

The Veneto region adopted active and free univer-
sal varicella vaccination in January 2005 for children 
aged 14 months (offering a second dose at the age of 
6 years), and a catch-up programme for adolescents 
aged 12 years. The rapid achievement of high (but 
not optimal) coverage of vaccination against varicella 
(78.6% in the 2008 birth cohort) resulted in a net dec-
rement (halving) of the varicella incidence, both in the 
0–14 year age group and in the general population, 
within 4 years of the introduction of the varicella vac-
cination programme. Furthermore, in this region, hos-
pitalisation due to varicella infection also significantly 
decreased within 1.5 years of the introduction of the 
universal varicella vaccination, confirming a significant 
positive impact of universal varicella vaccination in 
this Italian region [18-20].
In addition, the reduction in varicella cases and number 
of related hospitalisations highlighted in Sicily, Veneto, 
Tuscany, and recently in other Italian regions [21,22], 

Table
Hospitalisations for varicella diseases, by age, and hospitalisation risk ratios with 95% CI, Tuscany, Italy, pre-vaccination 
(2004–2007) and vaccination periods (2009–2012)

  Age group  
Pre-vaccination period 2004–2007 Vaccination period 2009–2012

HRR 95% CI
Hospitalisations Average rate per 

100,000 Hospitalisations Average rate per 
100,000

< 1 year 73 59.6 42 32.7 0.55 0.38–0.80
1–4 years 189 39.5 99 18.9 0.48 0.38–0.61
5–14 years 105 9.2 55 4.5 0.48 0.35–0.67
15–24 years 32 2.6 21 1.7 0.64 0.37–1.19
25–49 years 141 2.7 67 1.3 0.47 0.35–0.63
50–64 years 23 0.8 16 0.5 0.67 0.35–1.26
> 64 years 21 0.6 25 0.7 1.14 0.64–2.04
Overall 584 4.1 325 2.2 0.54 0.47–0.62

CI: confidence interval; HRR: hospitalisation risk ratio.
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after the introduction of the universal varicella immuni-
sation programme, had already been observed in other 
countries. In the US, universal varicella vaccination 
with one-dose (1996) and two-dose (2006) schedules 
for children was demonstrated to have a clear and sig-
nificant impact on the disease burden of VZV infection 
within a few years of implementation [23-28]. In our 
recent data, obtained a few years after the start of the 
varicella immunisation programme, the number of hos-
pitalisations due to varicella shows a trend similar to 
the results reported in the US [29-35].

A relevant reduction of VZV infections and disease 
complications has also been observed in Germany, 
which was the first European country to implement a 
routine universal vaccination programme against vari-
cella in 2004 [36-38].

From an economic point of view, the universal vaccina-
tion of children in Tuscany led to savings amounting 
to EUR 613,121 over 4 years (EUR 153,280/year), con-
sidering only the potential costs of hospitalisations 
that were prevented by immunisation. In particular, a 
reduction in hospitalisation costs is evident in all age 
groups except for individuals over 64 years, where 
the high cost during the vaccination period can be 
mainly attributed to the previously described case of 
a patient aged 80 years who had other medical con-
ditions and incurred hospitalisation costs amounting 
to EUR 34,724. However, the reported savings could 
be even more substantial if it is assumed that the real 
expense is 30–40% higher than the figure calculated 
through the DRG value, as shown by Azzari et al. [39]. 
In addition, in our study, we analysed only the cost of 
hospitalisations due to VZV infection: savings follow-
ing vaccination would have greatly increased if we also 
included the other clinical costs and indirect costs 
due to productivity loss. Therefore, the data we col-
lected in a real-setting scenario seem to confirm the 
favourable economic contribution of varicella immuni-
sation in Italy, as previously reported in three Italian 
model-based evaluations [40-42]. Particularly in the 
mathematic simulation performed by Bonanni et al., 
a varicella vaccination programme with two doses for 
toddlers was predicted to lead to reduction by more 
than 80% in VZV infection and hospitalisation rate in 
a 30-year time horizon [42]. The results of our study 
show a 44% reduction in the rate of hospitalisation due 
to varicella within 4 years of the introduction of vari-
cella vaccination, confirming the model’s mathematical 
forecast.

In conclusion, our experience clearly supports the 
intention of the Italian health authorities to introduce 
a national universal routine vaccination against vari-
cella. The use of the quadrivalent MMRV vaccine is a 
key element to achieving high vaccination coverage in 
a short period of time, thus speeding up the impact 
on disease incidence and related hospitalisations. The 
Italian regional vaccination programmes against vari-
cella may also prove to be a useful example for other 

countries where the introduction of routine toddler vac-
cination is being considered.

Acknowledgements
The authors would like to thank Emanuela Balocchini, Lucia 
Pecori, Sara Gallicchio, Serenella Acciai, Cecilia Chiarugi 
and Silvia Callaioli (Tuscany Region Health Authority) for 
providing data on notification of varicella cases, hospitali-
sations and vaccination coverage. The authors are grateful 
to Cristina Taddei for her support in the statistical analysis.

Conflict of interest
All authors received fees from vaccine producers (GSK, 
SPMSD, Pfizer, Novartis) for taking part to advisory boards 
or expert meetings, and grants for acting as investigators 
(PB) in epidemiological studies co-funded by vaccine produc-
ers (Pfizer, GSK).

Authors’ contributions
All the authors contributed equally in the design, collection 
and analysis of data.

References
1.	 Ciofi degli Atti ML, Rota MC, Mandolini D, Bella A, Gabutti 

G, Crovari P,  et al.  Assessment of varicella underreporting 
in Italy. Epidemiol Infect. 2002;128(3):479-84. DOI: 10.1017/
S0950268802006878 PMID: 12113493

2.	 Gabutti G, Rota MC, Guido M, De Donno A, Bella A, Ciofi degli 
Atti ML,  et al. , Seroepidemiology Group. The epidemiology 
of Varicella Zoster Virus infection in Italy.BMC Public Health. 
2008;8(1):372. DOI: 10.1186/1471-2458-8-372 PMID: 18954432

3.	 Gabutti G, Penna C, Rossi M, Salmaso S, Rota MC, Bella A,  
et al. , Serological Study Group. The seroepidemiology of 
varicella in Italy.Epidemiol Infect. 2001;126(3):433-40. DOI: 
10.1017/S0950268801005398 PMID: 11467800

4.	 Conferenza permanente per i rapporti tra lo Stato, Regioni e 
le Province Autonome di Trento e Bolzano Determinazione 3 
marzo 2005. Accordo ai sensi dell’art 4 del decreto legislativo 
28 agosto n.281, tra il Ministro della Salute e i Presidenti delle 
regioni e delle province autonome, concernente il Nuovo Piano 
Nazionale Vaccini 2005-2007. GU n86 del 14-04-2005- Suppl 
ordinario n63. [Permanent Conference for relations between 
the State, Regions and Autonomous Provinces of Trento 
and Bolzano. Determination March, 3rd 2005. Agreement 
under Article 4 of Legislative Decree August 28th, between 
the Minister of Health and the Presidents of Regions and 
Autonomous Provinces on the New National Plan 2005-2007 
Vaccines. Official Bulletin n.86 April, 4th 2005. Ordinary 
suppl. N.63]. Italian. Available from: http://www.salute.gov.it/
imgs/C_17_pubblicazioni_543_allegato.pdf

5.	 D’Ancona F, Alfonsi V. Ciofi degli Atti ML. [Survey on 
vaccination strategies used in different Italian Regions, for 
the 7-valent conjugate pneumococcal, meningococcal C and 
varicella vaccines]. Italian. Ig Sanita Pubbl. 2006;62(5):483-
92.PMID: 17206224

6.	 Alfonsi V, D’Ancona F, Giambi C, Nacca G, Rota MC, Regional 
Coordinators for Infectious Diseases and Vaccinations. Current 
immunization policies for pneumococcal, meningococcal C, 
varicella and rotavirus vaccinations in Italy.Health Policy. 
2011;103(2-3):176-83. DOI: 10.1016/j.healthpol.2011.10.002 
PMID: 22030308

7.	 Istituto Superiore di Sanità [National Institute of Health]. 
ICONA 2008: Indagine di COpertura vaccinale NAzionale nei 
bambini e negli adolescenti [ICONA 2008: Survey on national 
immunization coverage in children and adolescents]. 2008. 
Italian. Available from: http://www.iss.it/binary/publ/
cont/09_29_web.pdf

8.	 Ministero della Salute [Ministry of Health]. Piano Nazionale 
Prevenzione Vaccinale (PNPV) 2012-14 [National Preventive 
Vaccination Plan 2012-2014]. Gazzetta Ufficiale n. 47 del 
12/03/2012 (Supplemento Ordinario). Italian. Available from: 
http://www.salute.gov.it/imgs/C_17_pubblicazioni_1721_
allegato.pdf



23www.eurosurveillance.org

9.	 Regione Toscana [Tuscany Region]. Aggiornamento direttive 
regionali in materia di vaccinazioni [Updating the regional 
guidelines on vaccinations]. Revoca delibere n. 1249 del 
24/11/2003, n.379 del 7/3/2005 e n.1060 del 10/10/2000. 
Modifica delibera n. 1386 del 17/12/2001. Deliberazione Giunta 
Regionale del 27 dicembre 2007, n. 1020, Bollettino Ufficiale 
Della Regione Toscana, N. 2 del 9.1.2008. Italian. Available 
from: http://www.fimptoscana.org/system/files/delibera%20
calendario%20regionale%2027-12-2007_0.pdf

10.	 Centers for Disease Control and Prevention (CDC). International 
classification of diseases, ninth revision, clinical modification 
(ICD-9-CM). Atlanta, GA: CDC; 2010. Available from: http://
www.cdc.gov/nchs/icd/icd9cm.htm

11.	 Istituto nazionale di Statistica (ISTAT)[Italian National Institute 
of Statistics]. Geodemo. Italian resident population (2003-
2012). [Accessed January 2015]. Italian. Available from: http://
demo.istat.it/

12.	 Bonanni P, Breuer J, Gershon A, Gershon M, Hryniewicz W, 
Papaevangelou V,  et al.  Varicella vaccination in Europe - 
taking the practical approach. BMC Med. 2009;7(1):26. DOI: 
10.1186/1741-7015-7-26 PMID: 19476611

13.	 Waye A, Jacobs P, Tan B. The impact of the universal infant 
varicella immunization strategy on Canadian varicella-related 
hospitalization rates.Vaccine. 2013;31(42):4744-8. DOI: 
10.1016/j.vaccine.2013.08.022 PMID: 23973325

14.	 Lopez AS, Zhang J, Brown C, Bialek S. Varicella-related 
hospitalizations in the United States, 2000-2006: the 1-dose 
varicella vaccination era.Pediatrics. 2011;127(2):238-45. DOI: 
10.1542/peds.2010-0962 PMID: 21199857

15.	 Siedler A, Dettmann M. Hospitalization with varicella 
and shingles before and after introduction of childhood 
varicella vaccination in Germany.Hum Vaccin Immunother. 
2014;10(12):3594-600. DOI: 10.4161/hv.34426 PMID: 25483695

16.	 Giammanco G, Ciriminna S, Barberi I, Titone L, Lo Giudice 
M, Biasio LR. Universal varicella vaccination in the Sicilian 
paediatric population: rapid uptake of the vaccination 
programme and morbidity trends over five years.Euro Surveill. 
2009;14(35):19321.PMID: 19728978

17.	 Cuccia M, Pollina Addario S, Cernigliaro A, Palmigiano V. 
Ospedalizzazione per varicella in Sicilia dopo l’introduzione 
della vaccinazione [Hospitalization for varicella in Sicily after 
the introduction of vaccination]. Bollettino Epidemiologico 
Nazionale (Ben) Notiziario ISS Volume 22 numero 3, Marzo 
2009. Italian. Available from: http://www.epicentro.iss.it/
ben/2009/marzo/1.asp

18.	 Baldo V, Ferro A, Napoletano G, Milani S, Bertoncello L, 
Baldovin T,  et al.  Universal varicella vaccination in the Veneto 
Region, Italy: launch of a programme targeting all children 
aged 14 months and susceptible adolescents. Euro Surveill. 
2007;12(11):E071101.3.PMID: 17997908

19.	 Baldo V, Baldovin T, Russo F, Busana MC, Piovesan C, 
Bordignon G,  et al.  Varicella: epidemiological aspects and 
vaccination coverage in the Veneto Region. BMC Infect Dis. 
2009;9(1):150. DOI: 10.1186/1471-2334-9-150 PMID: 19737419

20.	 Pozza F, Piovesan C, Russo F, Bella A, Pezzotti P, 
Emberti Gialloreti L. Impact of universal vaccination on 
the epidemiology of varicella in Veneto, Italy.Vaccine. 
2011;29(51):9480-7. DOI: 10.1016/j.vaccine.2011.10.022 PMID: 
22015389

21.	 Tafuri S, Fortunato F, Cappelli MG, Cozza V, Bechini A, Bonanni 
P,  et al.  Effectiveness of vaccination against varicella in 
children under 5 years in Puglia, Italy 2006-2012. Hum Vaccin 
Immunother. 2015;11(1):214-9. DOI: 10.4161/hv.36153 PMID: 
25483538

22.	 Bechini A, Boccalini S, Baldo V, Cocchio S, Castiglia P, Gallo 
T,  et al.  Impact of universal vaccination against varicella in 
Italy. Hum Vaccin Immunother. 2015;11(1):63-71. DOI: 10.4161/
hv.34311 PMID: 25483517

23.	 Seward JF, Watson BM, Peterson CL, Mascola L, Pelosi JW, 
Zhang JX,  et al.  Varicella disease after introduction of 
varicella vaccine in the United States, 1995-2000. JAMA. 
2002;287(5):606-11. DOI: 10.1001/jama.287.5.606 PMID: 
11829699

24.	Marin M, Güris D, Chaves SS, Schmid S, Seward JF, Advisory 
Committee on Immunization Practices, Centers for Disease 
Control and Prevention (CDC). Prevention of varicella: 
recommendations of the Advisory Committee on Immunization 
Practices (ACIP).MMWR Recomm Rep. 2007;56(RR-4):1-40.
PMID: 17585291

25.	 Centers for Disease Control and Prevention (CDC). Evolution of 
varicella surveillance--selected states, 2000-2010.MMWR Morb 
Mortal Wkly Rep. 2012;61(32):609-12.PMID: 22895384

26.	 Chaves SS, Lopez AS, Watson TL, Civen R, Watson B, Mascola 
L,  et al.  Varicella in infants after implementation of the US 
varicella vaccination program. Pediatrics. 2011;128(6):1071-7. 
DOI: 10.1542/peds.2011-0017 PMID: 22123875

27.	 Kattan JA, Sosa LE, Bohnwagner HD, Hadler JL. Impact of 
2-dose vaccination on varicella epidemiology: Connecticut-
-2005-2008.J Infect Dis. 2011;203(4):509-12. DOI: 10.1093/
infdis/jiq081 PMID: 21199882

28.	Marin M, Meissner HC, Seward JF. Varicella prevention in 
the United States: a review of successes and challenges.
Pediatrics. 2008;122(3):e744-51. DOI: 10.1542/peds.2008-0567 
PMID: 18762511

29.	 Lopez AS, Zhang J, Brown C, Bialek S. Varicella-related 
hospitalizations in the United States, 2000-2006: the 1-dose 
varicella vaccination era.Pediatrics. 2011;127(2):238-45. DOI: 
10.1542/peds.2010-0962 PMID: 21199857

30.	 Zhou F, Harpaz R, Jumaan AO, Winston CA, Shefer A. Impact 
of varicella vaccination on health care utilization.JAMA. 
2005;294(7):797-802. DOI: 10.1001/jama.294.7.797 PMID: 
16106004

31.	 Shah SS, Wood SM, Luan X, Ratner AJ. Decline in varicella-
related ambulatory visits and hospitalizations in the 
United States since routine immunization against varicella.
Pediatr Infect Dis J. 2010;29(3):199-204. DOI: 10.1097/
INF.0b013e3181bbf2a0 PMID: 19949362

32.	 Davis MM, Patel MS, Gebremariam A. Decline in varicella-
related hospitalizations and expenditures for children and 
adults after introduction of varicella vaccine in the United 
States.Pediatrics. 2004;114(3):786-92. DOI: 10.1542/
peds.2004-0012 PMID: 15342855

33.	 Galil K, Brown C, Lin F, Seward J. Hospitalizations for varicella 
in the United States, 1988 to 1999.Pediatr Infect Dis J. 
2002;21(10):931-5. DOI: 10.1097/00006454-200210000-00009 
PMID: 12394815

34.	Ratner AJ. Varicella-related hospitalizations in the 
vaccine era.Pediatr Infect Dis J. 2002;21(10):927-31. DOI: 
10.1097/00006454-200210000-00008 PMID: 12394814

35.	 Reynolds MA, Watson BM, Plott-Adams KK, Jumaan AO, Galil K, 
Maupin TJ,  et al.  Epidemiology of varicella hospitalizations in 
the United States, 1995-2005. J Infect Dis. 2008;197(s2) Suppl 
2;S120-6. DOI: 10.1086/522146 PMID: 18419384

36.	 Siedler A, Arndt U. Impact of the routine varicella vaccination 
programme on varicella epidemiology in Germany.Euro 
Surveill. 2010;15(13):19530.PMID: 20394710

37.	 Knuf M, Neiss A, Wutzler P. [Impact of universal varicella 
vaccination in Germany: an epidemiological and economic 
analysis]. Klin Padiatr. 2006;218(4):203-12. German. DOI: 
10.1055/s-2005-836610 PMID: 16819701

38.	Spackova M, Muehlen M, Siedler A. Complications of varicella 
after implementation of routine childhood varicella vaccination 
in Germany.Pediatr Infect Dis J. 2010;29(9):884-6. DOI: 
10.1097/INF.0b013e3181e2817f PMID: 20442685

39.	 Azzari C, Massai C, Poggiolesi C, Indolfi G, Spagnolo G, De 
Luca M,  et al.  Cost of varicella-related hospitalisations 
in an Italian paediatric hospital: comparison with possible 
vaccination expenses. Curr Med Res Opin. 2007;23(12):2945-
54. DOI: 10.1185/030079907X242610 PMID: 17937842

40.	Thiry N, Beutels P, Tancredi F, Romanò L, Zanetti A, Bonanni P,  
et al.  An economic evaluation of varicella vaccination in Italian 
adolescents. Vaccine. 2004;22(27-28):3546-62. DOI: 10.1016/j.
vaccine.2004.03.043 PMID: 15315834

41.	 Coudeville L, Brunot A, Giaquinto C, Lucioni C, Dervaux B. 
Varicella vaccination in Italy : an economic evaluation of 
different scenarios.Pharmacoeconomics. 2004;22(13):839-55. 
DOI: 10.2165/00019053-200422130-00003 PMID: 15329030

42.	 Bonanni P, Boccalini S, Bechini A, Banz K. Economic evaluation 
of varicella vaccination in Italian children and adolescents 
according to different intervention strategies: the burden of 
uncomplicated hospitalised cases.Vaccine. 2008;26(44):5619-
26. DOI: 10.1016/j.vaccine.2008.07.096 PMID: 18723062

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.


