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Background: Streptococcus pneumoniae can cause life-threatening illness, with invasive pneumococcal diseases (IPD) like
meningitis, sepsis, bacteremic pneumonia, and bacteremia being major causes of morbidity and mortality.
Studies have shown that patients who have had a cochlear implant, particularly children, have an increased
risk of bacterial (pneumococcal) meningitis. Vaccination in patients with cochlear implants is important and
recommended universally. The World Health Organization recommends the use of pneumococcal conjugate
vaccines in all countries and considers their use to be a priority in all national immunization programs. The ob-
jective of this study was to assess rates of vaccination against Streptococcus pneumoniae in patients with co-
chlear implants who were implanted at the Institute of Physiology and Pathology of Hearing, Poland.
Material/Methods: We analyzed data from questionnaires administered to 2,628 patients who visited the Implants and Auditory
Perception Department (IAPD) of the Institute of Physiology and Pathology of Hearing between January 2014
and March 2016.
Results: The percentage of vaccinated patients in the study group was 28.2%, most of whom (90.7%) were children.
Among the children, 49.3% were vaccinated against S. pneumoniae, but the corresponding rate for adults was
only 5.5%.
Conclusions: The percentage of patients with cochlear implants who received vaccination against S. pneumoniae was low,
both in children and adults, but especially in adults comparing to available reports.
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Background

Streptococcus Pneumoniae is a common commensal organism
of the upper respiratory tract in children and adults. However
it can also cause life-threatening illness, with invasive pneu-
mococcal diseases (IPD) like meningitis, sepsis, bacteremic
pneumonia, and bacteremia being major causes of morbidi-
ty and mortality [1]. Non-invasive pneumococcal diseases in-
clude otitis media, pneumonia, sinusitis, and less often oste-
itis, soft tissue infection, and endocarditis.

Disease caused by S. pneumoniae is recognized by the World
Health Organization (WHO) as a major public health problem
worldwide, with an estimated 1.6 million people dying of pneu-
mococcal disease every year [2]. In the developed world, the
major burden of disease is carried by children aged <2 years
old and elderly people [2]. Among European countries, the re-
ported burden of IPD varies [1]. In Poland, epidemiological
data for 2010-2014 shows that people over 25 years of age
account for the majority (79.7%) of cases of meningitis and
encephalitis caused by S. pneumoniae; of those, persons 45—
64 years old account for 51.6% of cases. However, the high-
est rate of incidence occurs in the 0-4 years age group (1.07
per 100,000 population) [3].

Beside older age or younger age, risk factors for IPD include
ethnicity, geographic location, concomitant chronic illness, and
attendance at day care centers [2,4]. In addition, studies have
shown that patients who have had a cochlear implant, partic-
ularly children, have an increased risk of bacterial (pneumo-
coccal) meningitis [5,6]. Cochlear implant is a neural prosthesis
that uses electric stimulation to enhance or restore hearing in
individuals with deafness. The function of a cochlear implant
is to bypass the hair cells via direct electrical stimulation of
surviving neurons in the auditory nerve. The prosthesis con-
sists of two essential parts: the head-level unit that is worn
behind the ear and the receiver/stimulator package which is
implanted in a portion of the skull with an array of active elec-
trodes inserted into the scala tympani through the round win-
dow membrane or through a larger drilled opening at or near
the round window [7].

The Food and Drug Administration (FDA) reported that there
were a total of 118 cases of meningitis related to cochlear
implantation reported globally as of October 2003. In 67% of
the meningitis cases with confirmed etiology, S. pneumoniae
was the agent; these cases were all attributed to a cochlear
implant with associated positioner [8]. However, even among
children who received an implant without a positioner, the in-
cidence of S. pneumoniae meningitis was higher than the same
age group in the general population [5]. However, based on
current knowledge, the exact route by which the bacterium
reaches the meninges in the presence of a cochlear implant is
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still unclear [9]. It is possible that a foreign body in the inner
ear reduces the ability of immune cells to eliminate S. pneu-
moniae, although the molecular mechanism by which a for-
eign body impairs immune cell function is still unknown [10].
Other reported risk factors that have been found to be asso-
ciated with post-implant meningitis include inner-ear malfor-
mations and cerebrospinal fluid (CSF) leakage [5,11].

Since IPD (including meningitis) is a vaccine-preventable ill-
ness [2,12,13], vaccination against S. pneumonia in patients
with cochlear implants is important and recommended univer-
sally[13,14]. WHO recommends the use of pneumococcal con-
jugate vaccines in all countries and considers their use to be a
priority in all national immunization programs [2].

Currently, there are two types of pneumococcal vaccines on
the market: a 23-valent polysaccharide vaccine (PPV23) and
three conjugate vaccines: 7-valent (PCV7), 10-valent (PCV10),
and 13-valent (PCV13) [2]. However, the availability of vaccines,
and national immunization programs or vaccination strategies,
varies between European countries [14].

In Poland, implementation of immunization programs and
an individual’s qualification for inoculation are regulated by
the Act of December 5, 2008 on the Prevention and Control
of Infections and Infectious Diseases in Humans. The Chief
Sanitary Inspector releases a yearly bulletin containing a
Program of Preventive Immunizations, which includes indic-
ative criteria for vaccinations (obligatory or recommended)
and their schedules.

Since 2009, vaccination against S. pneumoniae (PCV) has been
mandatory in Poland for babies aged two months to five years
of age who are in a high-risk group that has specific medical
indications, while it is recommended for people over 65 years
of age and for all at-risk groups regardless of age. Among
other risk factors, a new factor, listed for the first time, is co-
chlear implant use [15]. Before 2009, S. pneumoniae vaccina-
tion was on the list of recommended vaccinations: it was first
mentioned in 2003, and conjugate vaccine was included in
the Immunization Program in 2006 [16]. On the whole, man-
datory vaccinations in Poland are financed from public funds.
Recommended vaccinations are voluntary, and the patient
bears the cost of the vaccine.

The Cochlear Implant Program was established in Poland by
Skarzynski in 1992 [17]. Since 2002, an electrode insertion in
patients (both children and adults) with partial deafness is per-
formed using an approach to the scala tympani directly through
the round-window membrane in order to avoid loss of low-fre-
quency hearing [18-21]. As of February 2016, more than 4,500
patients have been implanted at the Institute of Physiology and
Pathology of Hearing (IPPH), constituting about 70% of cochlear
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implants patients in Poland [22,23]. All patients and parents/
caregivers of children who qualified for cochlear implant sur-
gery are counselled regarding the potential risk of meningitis
and the importance of appropriate vaccination against S. pneu-
moniae. However, the Institute does not administer the vac-
cine or maintain immunization records, a responsibility which
falls to primary care providers. For this reason, all implant can-
didates are provided with a letter to their general practitioner
regarding medical tests and procedures (including vaccination
against S. pneumoniae) required for the surgery. However, vac-
cination is not a precondition for surgery, meaning the patient
is not disqualified from surgery due to non-vaccination.

There are a very limited number of papers reporting on vac-
cination against S. pneumoniae coverage in cochlear implant
patients. Data from USA cochlear implant centers show that
vaccination rates range from 49% to 99% [24,25].

The aim of the study was to assess rates of vaccination

against S. pneumoniae in patients implanted at the Institute
of Physiology and Pathology of Hearing, Poland.

Material and Methods

An interview questionnaire was used to assess vaccination
against S. pneumoniae in patients implanted in the Institute
of Physiology and Pathology of Hearing. The questionnaire
was prepared as two versions: one for children and adoles-
cents (patients <18 years old at the day of testing) and one for
adults (patients >18 years old). The interview was conducted
in the consulting room on the day of the visit by the doctor
or nurse in charge of the patient. The questions were admin-
istered verbally to the patient or parents/caregivers. Before
commencing, the interviewer informed the respondent (pa-
tient or parents/caretakers) about the objectives of the study,
and all participants included in the study gave signed con-
sent. The answers were first recorded on paper and then en-
tered into a computer.

The questionnaire comprised two parts: part | contained vac-
cination-relevant questions, and part Il contained questions
relating to demography and social aspects of the respondent
(age, education, employment, cochlear implant (Cl) Cl surgery
date, province). Polish provinces were coded according to the
ISO 3166-2 standard, which currently defines 16 provinces for
the country. Territorial units were recorded according to the
EU classification [26]. The accuracy of vaccination information
for children (date of vaccination, vaccine type(s), number of
doses) was verified with their Personal Child Health Record
(PCHR); in adults the accuracy was verified with documents
provided by the vaccination centers. Risk factors for IPD were
confirmed with patient’s medical records.
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To assess the pneumococcal vaccination rates in patients with
cochlear implant(s), questionnaire data from 2,628 patients
who visited the Implants and Auditory Perception Department
(IAPD) of the Institute of Physiology and Pathology of Hearing
in 2014 or 2015 was analyzed. This group constituted 76.4%
of all 3,438 patients who visited IAPD, at least once, between
January 2014 and March 2016. The other 810 people visited
IAPD on a day when none of the persons able to conduct the
interview were present.

The study was approved by the Ethical Committee of the
Institute of Physiology and Pathology of Hearing and conforms
to the stipulations of the Declaration of Helsinki.

All statistical analyses were performed using Statistica 12.0
software with level of significance a=0.05. Categorical vari-
ables were presented as percentages and tested with a Chi-
square test (x?); continuous variables were reported as me-
dians with range. Normal distribution was verified using a
Kotmogorov-Smirnov test.

Written consent was obtained for all participants in the study.
All procedures performed in the study were in accordance with
the ethical standards of the institutional and national research
committee and with the 1964 Helsinki Declaration and its lat-
er amendments or comparable ethical standards.

Results

Characteristics of the study group are presented in Table 1. The
study group constituted 60% of all the patients (n=4,352) im-
planted at IPPH as of March 2016. Children and adolescents up
to 18 years of age constituted 51.9% of both the study group
and the population (Table 1). The youngest child was six months
old, the oldest adult in the group was 90 years old (Figure 1). The
proportion of females and males was 51.9% and 48.1% respec-
tively, which was comparable with the sex distribution of the
IPPH patients (51.7% and 48.3% females and males respective-
ly). All 16 provinces from Poland were represented in the study
population and the proportion of patients according to prov-
ince of residence is presented in Figure 2. The majority of pa-
tients (78.7%) resided in cities (Table 1). Patients from each year
of the CI Program were included in the study group (Figure 3).

In total, 740 patients from the study group (28.2%) were vac-
cinated against S. pneumoniae. The majority (90.7%) of this
group were children and adolescents up to 18 years of age. The
rate in the pediatric population (49.2%) was significantly high-
er than in the adult population (5.5%) (x*(1, n=2,628)=619.12,
p<0.001). The vaccination rate between the sexes was about
the same for the whole group and within age groups (p>0.05)
(Table 2).

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




CLINICAL RESEARCH

Piotrowska A. et al.:
Streptococcus vaccination in Cl patients
© Med Sci Monit, 2017; 23: 4567-4573

Table 1. Characteristics of the study group (n=2628) according to age, sex, and place of residence.
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1997
199
1995
PL-ZP }gg;
PL-WP
PLWN 1992
PL-SK 0 11 12 13
PL-SL
PL-PM
PL-PD
E{Sﬁ Figure 3. Percentage of patients implanted in consecutive years
Etm of the Cl Program at the Institute of Physiology and
PLLD Pathology of Hearing in the study group (light blue
EHS bars) and in the target population (deep blue bars).
PL-KP
PL-DS
0 5 10 15 20 25 30 Vaccination rates differed significantly according to province of

%

Figure 2. Proportion of patients according to province of
residence in the study group (light blue bars) and in
the target population (deep blue bars).

Although 72.3% of vaccinated patients lived in cities, a sig-
nificantly lower percentage of city dwellers were vaccinat-
ed (25.9%) compared to those living in villages (36.7%) (x*(1,
n=2,628)=25.44, p<0.0010).

residence (x?(15, n=2,628)=28.67, p<0.05), ranging from 19.4% in
province PL-KP to 37.5% in province PL-OP (Figure 4). The high-
est absolute number of vaccinated Cl patients (188; 7.6% of the
vaccinated group) came from the Mazovian province (PL-MZ),
which comprised 26% of all Mazovian Cl patients. The highest
rates of vaccinated patients in individual voivodeships were ob-
served in Opole (PL-OP) with 37.5% and Lublin (PL-LU) with 36.9%.

The vast majority of CI patients (98.4%) received primary vac-
cination against S. pneumoniae in the years 2006 to 2016. A
similar percentage (98.1% or 726 out of 740) received primary
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Table 2. Characteristics of the study group according to vaccination status.

Streptococcus All patients (n=2628) Children (n=1365) Adults (n=1263)
pneumoniae

vaccination Female Female T EL

Yes 375 365 740 336 335 671 39 30 69
(27.6%) (28.8%) (28.2%) (50.2%) (48.1%) (49.2%) (5.6%) (5.2%) (5.5%)
No 985 903 1888 333 361 69 652 542 1194
(72.4%) (71.2%) (71.8%) (49.8%) (51.9%) (50.8%) (94.4%) (94.8%) (94.5%)
Total 1360 1268 2628 669 696 1365 691 572 1263
Figure 4. Number of patients according to province of residence
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vaccination before Cl surgery. There were 92.4% of children
who were vaccinated with conjugate vaccine (PCV13, PCV10,
or PCV7), and only 4.4% received a combination of both PCV7
or PCV10 or PCV13 and PPSV23. Only 1 child (2%) was vacci-
nated with polysaccharide PPSV23, and 7% of children who
were vaccinated with PCV7 received an additional PCV13 vac-
cination. There were 382 patients in the study group (14.5%)
who were implanted bilaterally; among this group 53.1% were
vaccinated (97.5% of them were children).

The occurrence of at least one risk factor for IPD (other than Cl
implantation) was found in 843 Cl patients (32.1% of the study
group); 48.2% of them were children. In the pediatric popula-
tion, at least one risk factor (other than Cl implantation) was
found in 29.7% of patients; in the adult group it was 34.6%.
The most frequent risk factors reported among the pediatric
population were premature birth and birth-weight below 2,500
g; in adults it was chronic heart disease (Figures 5, 6). Of pre-
mature and/or low birth-weight children, 55.6% received S.
pneumoniae vaccination. Among children with two or more
risk factors, 41.2% were not vaccinated against S. pneumoniae.

A history of meningitis and/or encephalitis caused by S. pneu-
moniae prior to hearing deterioration was confirmed in 32 cas-
es (1.2% of the study group); only 10 patients from this group
(31.3%) were vaccinated against S. pneumoniae before Cl sur-
gery. We identified no patients with post-implantation bacte-
rial meningitis.

Discussion

Data presented in our study confirm that a sizeable percent-
age of implanted patients (71.8%) have not been vaccinated
against S. pneumoniae, even though it is suggested by govern-
ment agencies, otolaryngological societies, implant manufac-
turers, and cochlear implantation centers [25]. The rate of vac-
cination in the study group is significantly lower compared to
data from USA clinics [24,25]. Although no patients were iden-
tified with post-implantation bacterial meningitis in the group,
there continued to be new cases of meningitis in the general
population. In the last three years in Poland, about 3,000 cas-
es per year of meningitis and/or encephalitis of bacterial, vi-
ral, and/or aseptic etiology have been recorded [3,27]. Almost
200 cases of meningitis and/or encephalitis arose in 2014 (an
incidence rate of 0.51 per 100,000 population), a figure 3.7%
greater than in 2013. These data confirms that efforts should
be undertaken to increase the rate of vaccinated patients.

Aside from the National Immunization Program, immunization
strategies in Poland involve financing from local or regional
initiatives. Within the framework of healthcare programs im-
plemented in Poland in 2014, 35 pneumococcal vaccination
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programs were commenced and/or continued, involving 12 out
of 16 voivodeships. The largest number of programs was un-
dertaken in the Mazovian voivodeship (PL-MZ; six programs),
followed by the Swietokrzyskie (PL-SK) and Lublin (PL-LU)
voivodeships (five each). Nearly 70% of the programs aimed
at preventing pneumococcal infections were implemented by
communes (LAU-2 territorial unit), 30% by city districts (LAU-1),
and 10% by districts (LAU-1). Vaccination programs mostly in-
cluded children up to five years old, with the largest group be-
ing children aged 24-36 months old. We observed that rates of
vaccination against S. pneumoniae were related to province of
residence and we speculate that the high percentage of vacci-
nated Cl patients in Swietokrzyskie and Lublin is the result of
actions taken by local governments to promote and finance
vaccination. The low percentage of vaccinated patients from
Mazovian province (25.8%) may reflect a high number of par-
ents who objected to their children being vaccinated.

The cost of vaccination might be one factor that affects the per-
centage of vaccinated patients. However, in Poland since 2009
all children at risk up to five years of age (including those be-
fore or after CI surgery) are entitled to free vaccination against
S. pneumoniae. This probably explains the high percentage of
vaccinations (87.7%) performed in the group from 2009 to
2016. However, in this period, Cl surgery was performed on
706 children aged five months to five years, and only 70.4%
of babies from this group received vaccination.

Patients who at the time of Cl surgery were particularly vul-
nerable to IPD, i.e., children implanted before two years of age
and the group of adults aged 65+, comprised 23.7% and 7.3%
of the study group, respectively; 66.3% of children and 9.4%
of adults from these groups were vaccinated against S. pneu-
moniae. All Cl patients and parents confirmed that they had
heard about vaccination against S. pneumoniae; however, most
of those unvaccinated had not received consistent information
from local health providers, or they understood that vaccina-
tion was recommended and optional, meaning not necessary.

To increase the percentage of cochlear implant patients vac-
cinated against S. pneumoniae, the introduction of mandato-
ry vaccination against invasive pneumococcal disease for all
children has been proposed in Poland, and some work has al-
ready been undertaken in this direction. One can assume that
if local programs continue, and there is a total or partial ex-
emption from costs associated with vaccination, more parents
will decide to immunize their children.

To increase awareness of the threat of invasive pneumococcal
disease, healthcare providers should review the vaccination re-
cords of their patients who are either Cl recipients or candidates
for Cls to ensure they have received pneumococcal vaccinations
based on age-appropriate schedules for persons at high risk [2].
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Conclusions

The percentage of patients with cochlear implants who re-
ceived vaccination against S. pneumoniae assessed by means

References:

—

N

w

S

S}

(=2}

~

[oc]

o

10.

11.

12.

13.

. Isaacman DJ, McIntosh ED, Reinert RR: Burden of invasive pneumococcal

disease and serotype distribution among Streptococcus pneumoniae iso-
lates in young children in Europe: Impact of the 7-valent pneumococcal
conjugate vaccine and considerations for future conjugate vaccines. Int
Infect Dis, 2010; 14: e197-209

. World Health Organization: Pneumococcal conjugate vaccine for childhood

immunization — WHO position paper. Relevé Epidémiologique Hebd Sect
Hygiéne Secrétariat Société Nations Wkly Epidemiol Rec Health Sect Secr
Leag Nations, 2007; 82: 93-104

. Paradowska-Stankiewicz |, Piotrowska A: Meningitis and encephalitis in

Poland in 2013. Epidemiol Rev, 2015; 69: 229-34

. Fletcher MA, Laufer DS, McIntosh EDG et al: Controlling invasive pneumo-

coccal disease: Is vaccination of at-risk groups sufficient? Int J Clin Pract,
2006; 60: 450-56

. Reefhuis J, Honein MA, Whitney CG et al: Risk of bacterial meningitis in

children with cochlear implants. N Engl ) Med, 2003; 349: 435-45

. Biernath KR, Reefhuis J, Whitney CG et al: Bacterial meningitis among chil-

dren with cochlear implants beyond 24 months after implantation. Pediatrics,
2006; 117: 284-89

. Wilson BS: Engineering design of cochlear implants. In: Zeng FG, Popper

AN, Fay RR (eds.), Cochlear implants: Auditory prostheses and electric hear-
ing. Springer-Verlag New York, LLC, 2004; 14-52

. FDA Public Health Notification: FDA Public Health Notification: Importance of

Vaccination in Cochlear Implant Recipients 2007 [cited 2015 Oct 15];Available
from: http://www.fda.gov/medicaldevices/safety/alertsandnotices/publi-
chealthnotifications/ucm062057.htm

. Meli DN, Christen S, Leib S, Tauber MG: Current concepts in the pathogen-

esis of meningitis caused by Streptococcus pneumoniae. Curr Opin Infect
Dis, 2002; 15: 253-57

Wei BPC, Robins-Browne RM, Shepherd RK et al: Can we prevent cochlear
implant recipients from developing pneumococcal meningitis? Clin Infect
Dis, 2008; 46: el-e7

Cohen NL, Roland JT, Marrinan M: Meningitis in cochlear implant recipients:
The North American experience. Otol Neurotol, 2004; 25: 275-81

Kaplan SL, Barson W], Lin PL et al: Early trends for invasive pneumococcal
infections in children after the introduction of the 13-valent pneumococ-
cal conjugate vaccine. Pediatr Infect Dis J, 2013; 32: 203-7

Wei BPC, Robins-Browne RM, Shepherd RK et al: Assessment of the protec-
tive effect of pneumococcal vaccination in preventing meningitis after co-
chlear implantation. Arch Otolaryngol Head Neck Surg, 2007; 133: 987-94

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

CLINICAL RESEARCH

of questionnaire was very low, both in children but especial-
ly in adults. Systematic approaches, including dissemination
of information and effective epidemiological surveillance, are
needed to increase vaccination rates in Cl users.

14.

1

%

16.

1

~

18.

19.

20.

2

—

2

N

2

w

24.

2

[

26.

2

~

Richter D, Anca I, André FE et al: Immunization of high-risk paediatric pop-
ulations: Central European Vaccination Awareness Group recommenda-
tions. Expert Rev Vaccines, 2014; 13: 801-15

. Ministry of Health: National Vaccination Program 2015 — Chief Sanitary

Inspectorate Statement 2014 Oct 31 [cited 2015 Oct 16];Available from:
http://dziennikmz.mz.gov.pl/DUM_MZ/2014/7 2/akt.pdf

Mrozek-Budzyn D: The evolution of Polish immunization schedule during
the last 10 years. Epidemiol Rev, 2012; 66: 107-12

. Skarzynski H, Janczewski G, Niemczyk K et al: First cochlear implant in

Poland. Pol Otolaryngol, 1993; 47: 427-34

Skarzynski H, Lorens A, Piotrowska A: A new method of partial deafness
treatment. Med Sci Monit, 2003; 9(4): CS20-24

Skarzynski H, Lorens A, Piotrowska A, Anderson I: Partial deafness cochlear
implantation in children. Int ) Pediatr Otorhinolaryngol, 2007; 71: 1407-13

Skarzynski H, Lorens A, Piotrowska A, Anderson I: Preservation of low fre-
quency hearing in partial deafness cochlear implantation (PDCI) using the
round window surgical approach. Acta Otolaryngol (Stockh), 2007; 127:
41-48

. Skarzynski H, Lorens A, Zgoda M et al: Atraumatic round window deep in-

sertion of cochlear electrodes. Acta Otolaryngol (Stockh), 2011; 131: 740-49

. Medical University of Warsaw: Department of Otolaryngology Medical

University of Warsaw — Implants qualification 2015 [cited 2015 Oct
27];Available from: http://www.otolaryngology.pl/index.php/en/
patient-care-information/implants-qualification

. Szyfter W, Pruszewicz A, Karlik M et al: Poznan’s program of cochlear and

brainstem implantation: A general review. Eur Arch Oto-Rhino-Laryngol,
2003; 260: 460-63

Carpenter RM, Limb CJ, Francis HW et al: Programmatic challenges
in obtaining and confirming the pneumococcal vaccination status of co-
chlear implant recipients. Otol Neurotol, 2010; 31: 1334-36

. Lalwani AK, Cohen NL: Does Meningitis after cochlear implantation remain

a concern in 20117 Otol Neurotol, 2012; 33: 93-95

European Union 2013: Commission Regulation (EU) No 1319/2013 of 9
December 2013 amending annexes to Regulation (EC) No 1059/2003 of
the European Parliament and of the Council on the establishment of a com-
mon classification of territorial units for statistics (NUTS)

. Paradowska-Stankiewicz |, Piotrowska A: Meningitis and encephalitis in

Poland in 2012. Epidemiol Rev, 2014; 68: 213-18

Indexed in:
[ISI Journals Master List]
[Chemical Abstracts/CAS]

[Index Medicus/MEDLINE]
[Index Copernicus]

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[EMBASE/Excerpta Medica]



