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Recent events related to the current outbreak of Ebola 
virus disease (EVD) in West Africa seemingly indicate 
inevitable problems that Europe has to face: an indi-
vidual became symptomatic from Ebola virus disease 
only after having arrived in a non-affected country [1], 
and healthcare workers became infected with Ebola 
while caring for patients, either in West Africa or in 
non-affected countries where they had been medi-
cally evacuated [2–4]. Moreover, media enquiries and 
reports reveal concern among the general public.

All this follows the dramatic development of the epi-
demic in West Africa over the past months, and fore-
casts unanimously agree that it will take weeks if not 
months before the trend in the affected region can 
be inverted and the epidemic be controlled [5–6]. 
Therefore, European countries will have to cope with 
more cases arriving from affected areas while being 
well prepared to prevent secondary transmission.

While infections in the dedicated healthcare settings 
in Europe will probably remain single and unfortunate 
events, they need to be investigated thoroughly in 
order to incorporate the lessons learnt from them into 
improved standards and procedures as well as con-
sider them in training activities.

There are three possible scenarios that may result in 
patients infected with Ebolavirus to present in health-
care settings in Europe and healthcare workers or sup-
port staff coming into contact with them.

The first scenario is related to a patient in an affected 
country with a confirmed Ebolavirus infection who is 
medically evacuated to Europe. This scenario should 
not result in further transmission in Europe and thus 
constitute a rather low risk as preparations are possi-
ble for such planned situations. However, as pointed 
out above, and whenever humans are involved, occa-
sions may occur where unfortunate events may lead to 
infection of a healthcare worker contact. While caring 

for Ebola patients in European settings should remain 
safe when appropriate procedures are in place, a 100 
per cent elimination of risks can never be expected.

The second scenario refers to a symptomatic patient 
boarding a commercial flight, possibly to seek medical 
care in Europe. Upon declaring the Ebola outbreak in 
West Africa a public health event of international con-
cern, the World Health Organization (WHO) International 
Health Regulations Emergency Committee also recom-
mended exit screening in the affected countries [7]. To 
render this seemingly easy and not too cost intensive 
measure effective, it needs to be applied systemati-
cally to all travellers departing from affected countries. 
Where this is the case, the risk of exportation can be 
minimised to a great extent. The support provided 
by the United States in the affected countries should 
have helped in the current situation in this respect 
[8]. Additional screening at the point of entry (entry 
screening) may complement exit screening, as it may 
detect the few symptomatic cases that could have been 
missed by the exit screening or those who may have 
become symptomatic during the flight. However, entry 
screening is complex to implement because of the indi-
rect routes that may be taken by travellers.

The third scenario consists of a person travelling to 
Europe from an affected country while incubating the 
virus and developing symptoms only after arrival, as 
experienced recently in Dallas, United States [1]. This 
situation constitutes the greatest risk to Europe and 
predisposes to limited secondary transmission to close 
contacts at the early stage of the disease, when the 
patient becomes infectious and before being isolated. 
Efforts are made by all countries in the European Union 
to minimise this risk through a set of measures namely 
(i) to provide information about the disease and advice 
in case of symptoms to all travellers coming from 
affected areas, (ii) to sensitise front-line healthcare 
providers about possible EVD symptoms and the need 
to enquire about recent travel to the affected region 
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while ascertaining patients, and to ensure their timely 
isolation when EVD is considered, and (iii) to provide 
guidance for investigating cases and for infection con-
trol measures that should allow to care safely for such 
patients.

The infographic presents in a simplified way three sce-
narios described above (Figure).

Medical evacuations to Europe remain particularly safe 
when infection control measures are applied by expe-
rienced, well trained professionals. Despite the envis-
aged increase in such evacuations that will eventually 
result in treatment of Ebola cases in European hos-
pitals, transmission to healthcare personnel should 

remain the unfortunate sporadic exception. More cases 
as seen in Dallas will be seen in Europe. Any such situa-
tion could happen as well in other regions of the world. 

Above all, however, the cases of recently evacu-
ated infected healthcare workers to Europe who were 
involved in responding to the outbreak in affected 
countries, should remind us about the important work 
of those who work in West Africa where the burden of 
EVD weighs heavily on the population and has affected 
local healthcare structures and other services consid-
erably. The risk of further spread associated with the 
ongoing Ebola outbreak in West Africa can only be 
mitigated by controlling the epidemic at its roots in the 
affected countries.

Healthcare facilities
Infected patients are isolated 
under vigorous infection 
control measures.

Travelling from affected areas 
An infected person not 
experiencing symptoms is not 
contagious and therefore does 
not pose a risk to other 
travellers.

Contact tracing
Identifying and following-up 
those who had contact with an 
ill person is essential to prevent 
the spread of the disease.

Exit screening
Passengers departing from affected 
countries have their temperature 
checked to prevent a contagious 
case from boarding a plane.

Ebola: reducing the risk of transmission

Person at risk

Isolation 

Infectious sick person

Movement 

Person not at risk

Infected, asymptomatic 
person (not infectious)

Contact tracing

As long as the epidemic of Ebola virus disease is continuing and expanding in West Africa, the risk of importation of contagious cases 
to European and other countries increases. The risk of further transmission in Europe is extremely low, but cannot be excluded. To 
minimise this risk, public health efforts in the EU focus on early case detection and isolation.

From first symptoms to detection
The incubation period ranges from 2 to 21 
days. As soon as symptoms appear, people 
become infectious and can spread the virus to 
others. People can only get infected if they 
come in contact with contaminated blood or 
bodily fluids. Healthcare workers and close 
contacts are therefore at higher risk of getting 
infected. Identifying infectious sick persons as 
soon as possible ensures that the chain of 
transmission is stopped. 

Information to travellers
At the point of entry, 
travellers coming from 
affected areas are informed 
about the disease and 
advised to seek medical 
care if they experience 
symptoms.

Days from arrival   1, 2, 3   …

Putting medical staff on alert
Frontline medical staff asks  
patients about recent travel. 
Patients with a compatible travel 
history and Ebola-like symptoms   
are immediately isolated.

Medical evacuation
Patients are safely isolated 
during medical evacuation 
and do not pose a risk to 
others.
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We are in tune with voices raising concern about the 
current situation and calling for strong leadership 
within the international community to ensure that ade-
quate measures are implemented in this critical situ-
ation [9]. The European Centre for Disease Prevention 
and Control (ECDC) strongly supports respective initia-
tives from WHO as far as possible within its mandate. 
As pointed out in the Lancet [9], currently, the interna-
tional community needs to further strengthen its sup-
port to affected countries. While it is still unclear when 
the outbreak will end, it will be important to analyse 
this event carefully and learn from it  in order to be bet-
ter prepared for similar events in the future. This we 
owe to those who suffer and who lost their lives  as 
well as those who are working to save lives and trying 
to contain this unprecedented Ebola outbreak in the 
affected countries.
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Case management centres (CMCs) are part of the out-
break control plan for Ebola virus disease (EVD). A CMC 
in Sierra Leone had 33% (138/419) of primary admis-
sions discharged as EVD negative (not a case). Fifteen 
of these were readmitted within 21 days, nine of which 
were EVD positive. All readmissions had contact with 
an Ebola case in the community in the previous 21 
days indicating that the infection was likely acquired 
outside the CMC.

Between 26 June and 1 September 2014, 138 patients 
were discharged from the Kailahun Ebola case man-
agement centre (CMC) in Sierra Leone, as non-Ebola 
virus disease (EVD) cases, because they tested nega-
tive for the virus by polymerase chain reaction (PCR). 
Of these, 15 returned to the CMC within 21 days of their 
first admission and subsequently nine tested positive 
for Ebola virus. This raised the question as to whether 
CMCs could be acting as potential amplifiers of infec-
tion even though appropriate infection control meas-
ures are being followed. Such a question is of public 
health importance to the overall future control of the 
EVD outbreak, which is ongoing in West Africa [1]. To 
our knowledge, there is no literature available which 
describes the evolution of readmissions to Ebola CMCs 
during an outbreak and this paper addresses that 
deficit.

Ebola virus disease outbreak in West Africa
The current EVD outbreak in West Africa commenced in 
Guinea in December 2013 [1] and since then has spread 
to Sierra Leone, Liberia, Nigeria and Senegal [2]. It is 
the largest EVD outbreak recorded in history [2] with 
6,553 (suspected, probable and confirmed) cases and 
3,083 deaths reported as of 23 September 2014 in 
affected countries [2]. The World Health Organization 
(WHO) declared the outbreak a public health emer-
gency of international concern on 8 August 2014 [3].

During EVD outbreaks transmission via infected body 
fluids occurs in three settings: (i) community, through 

contact with an infected person or contaminated 
fomites, (ii) burials, due to touching dead bodies, and 
(iii) nosocomial, via lack of infection control measures 
within healthcare facilities. In particular, the latter 
two settings [4] can quickly amplify an Ebola epidemic 
[5,6]. The incubation period of the virus ranges from 
two to 21 days [5,7].

Description on the Kailahun Ebola case 
management centre
Médecins Sans Frontières (MSF) have six Ebola CMCs 
operational in West Africa, one of which is based in 
Kailahun, Sierra Leone. Suspected, probable and con-
firmed case definitions are equivalent to those used by 
the WHO [8]. In brief, a suspected case is any person, 
alive or dead, who has (or had) sudden onset of high 
fever and had contact with a person with suspected, 
probable or confirmed EVD or with a dead or sick ani-
mal; any person with sudden onset of high fever and at 
least three of the following symptoms: abdominal pain, 
anorexia, arthralgia, diarrhoea, dysphagia, dyspnoea, 
headache, hiccupping, lethargy, myalgia, or vomiting; 
or any person who had unexplained haemorrhagic 
symptoms or who died suddenly from an unexplained 
cause. A probable case is any person suspected to have 
EVD who was evaluated by a physician or any person 
who died from suspected EVD and had an epidemiolog-
ical link with a confirmed case but was not tested and 
did not have laboratory confirmation of the disease. 
Suspect or probable cases are classified as confirmed 
when they had a positive laboratory test for EVD.

The Kailahun CMC (KCMC) is divided into a high risk 
zone and a low risk zone (Figure 1). The low risk zone 
includes the medical and nursing administrative tents, 
laundry area, storage area and other necessary facili-
ties to support the high risk zone. Within the high risk 
zone personal protective equipment (PPE) must be 
worn at all times. The high risk zone comprises: a sus-
pected cases ward, a probable cases ward and eight 
confirmed cases wards. A barrier fence separates the 
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confirmed cases wards from the suspected and proba-
ble cases wards preventing patient interaction between 
these two types of wards. 
 
Following medical assessment in triage, patients are 
referred to the suspected or probable cases ward 
depending on their case classification. An EVD PCR 
test (developed in-house by the Public Health Agency 
of Canada) on a blood sample is then performed. If this 
is positive the patient is transferred to the confirmed 
cases ward for further medical support while a nega-
tive result allows the patient to be discharged from 
the CMC. When a patient has a negative PCR result but 
symptom duration of less than 72 hours, a repeat PCR 
test is performed at 72 hours or more of symptoms to 
rule out a false negative result [9]. A patient can spend 
from less than 24 hours up to three days in the sus-
pect/probable section of the CMC while awaiting the 
exclusion or confirmation of EVD. When PCR negative 
patients are discharged, they are considered exposed, 
and are added to the contact list. Patients who are dis-
charged negative for EVD (not a case) from the suspect/
probable wards have the potential to be readmitted at a 
later date, and test either positive or negative for EVD. 
When readmissions test positive, they can cause anxi-
ety among medical staff as they try to decipher if the 
patients have had any other EVD contact history apart 
from their previous primary assessment in the CMC. 

Collection of readmission data at the 
Kailahun Ebola case management centre 
and data analyses
A patient register is maintained at the KCMC. It con-
tains basic demographic, epidemiological, medical, 
laboratory and outcome data for each patient admitted 
to the facility in Excel 2010 format. All data are stored 
in a secure manner. To be classified as a readmission a 
patient must have at least two admission episodes to 
the CMC that have identical first name, surname, age, 
sex and address information. All patient readmissions 
since 26 June 2014 with their corresponding original 
admissions were extracted from the database. No time 
limit was imposed on the interval between admission 
and corresponding readmission when selecting cases. 
Outcomes for patients were classified as one of the fol-
lowing: cured, dead or not a case. Cured patients had 
been admitted with a positive EVD PCR and ultimately 
discharged alive with a negative EVD PCR. Patients 
classified as dead, had a positive EVD PCR at admis-
sion and subsequently died in the CMC from EVD-
related complications. The not a case outcome referred 
to patients who were admitted to the suspect or prob-
able wards, tested negative for the virus by EVD PCR 
and were then discharged from the CMC.

The crude readmission ratio (CRR) was calculated as 
the total number of readmissions as a proportion of all 
‘not a case’ primary discharges. Furthermore, the posi-
tive readmission ratio (PRR) was defined as the number 

Figure 1
Outline map of Médecins Sans Frontières (MSF) Ebola case management centre (CMC)

Source: Sterk E. Filovirus haemorrhagic fever guideline. Geneva: Médecins Sans Frontières; 2008.
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of readmissions with a positive EVD PCR as a propor-
tion of all ‘not a case’ primary discharges.

This study fulfilled the MSF Ethics Review Board 
(Geneva, Switzerland) approved criteria for analysis 
of routinely collected anonymous programme data. 
All activities conducted by MSF were approved by the 
national authorities of Sierra Leone.

Results
Between 26 June and 1 September 2014 (study period), 
there were 419 primary admissions at the KCMC. Of 
these, 278 (66%) were EVD PCR positive and 138 (33%) 
were EVD PCR negative. Three (<1%) admitted patients 
did not stay long enough in the centre to be tested 
for EVD (defaulters). During the same period there 
were 16 readmissions at KCMC. One readmission was 

Figure 2
Distribution of readmissions to the Ebola case management centre (CMC), Kailahun, Sierra Leone, 26 June–1 September 2014 
(n=15 readmissions)

EVD: Ebola virus disease.
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Table 1
Primary admission and corresponding readmission outcomes, Ebola case management centre (CMC), Kailahun, Sierra Leone, 
26 June–1 September 2014 (n=15)

Patient 
number

Primary admission Secondary admission (readmission)
Time between 

symptom 
onset and 
admission

LOS EVD PCR 
result Outcome

Time between 
symptom 
onset and 
admission

LOS EVD PCR 
result Outcome

1 Unknown 2 days Negative Not a case Unknown 22 days Positive Cured
2 0 day 3 days Negative Not a case 2 days 5 days Positive Death
3 1 day 2 days Negative Not a case 1 day 3 days Negative Not a case
4 1 day 2 days Negative Not a case 1 day 7 days Positive Death
5 8 days 1 day Negative Not a case 1 day 4 days Negative Not a case
6 2 days 2 days Negative Not a case 1 day 14 days Positive Death
7 3 days 1 day Negative Not a case 3 days 21 days Positive Cured
8 1 day 3 days Negative Not a case 3 days 2 days Positive Death
9 9 days 3 days Negative Not a case 2 days 23 days Positive Cured
10 0 day 2 days Negative Not a case 6 days 2 days Negative Not a case
11 3 days 1 day Negative Not a case 4 days Current inpatient Positive Current inpatient
12 3 days 1 day Negative Not a case 1 day 7 days Positive Death
13 5 days 6 hours Not performed Defaulter 4 days 1 day Negative Not a case
14 1 day 3 days Negative Not a case 3 days 1 day Negative Not a case
15 1 day 2 days Negative Not a case 1 day 3 days Negative Not a case

EVD: Ebola virus disease; LOS: length of stay; PCR: polymerase chain reaction.
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discordant for age (14 years versus 24 years) when com-
pared with the original corresponding admission and 
was excluded from the analysis. The remaining 15 met 
the criteria to be defined as readmissions as described 
in the methodology. Taking these 15 readmissions into 
account, the KCMC had a total of 434 admissions dur-
ing the study period, of which 239 (55%) were male. 
The mean age of admissions was 29.9 years and 106 
(24%) were aged 18 years or less.

All 15 readmissions had only one previous admission. 
One patient did not have an EVD PCR result upon the 
first admission, as this person left the centre before 
testing could be done. The 14 remaining readmis-
sions were all related to a prior admission whereby 
the PCR result was negative for EVD. The distribution 
of readmissions among all admissions to the KCMC is 
presented on the epidemiological curve in Figure2. It 
shows that four readmissions occurred during the first 
half of the outbreak while the remaining 11 presented 
in the second half.
 
Of the 15 readmissions, seven were male and four were 
aged 18 years or less. The mean age of readmissions 
was 27.9 years (range: 1.75–48 years). 

A positive EVD PCR test was obtained for nine readmis-
sions of which five died, three were cured and one is 
a current inpatient at KCMC (Table 1). The crude read-
mission ratio (CRR) for KCMC was 11% (15/138) while 
the positive readmission ratio (PRR) was 7% (9/138). 
The average length of stay (LOS) at the KCMC for pri-
mary admissions linked to any readmission was 1.9 
days (28/15) whereas the average LOS for primary 
admissions with corresponding EVD PCR positive and 
negative readmissions was 2 (18/9) and 1.7 (10/6) days 
respectively. Regarding the three readmissions who 
were cured, they had an average LOS after readmission 
of 22 days (66/3) while the five readmissions who died 
and six who were not a case had an average LOS of 
seven (35/5) and 2.3 (14/6) days respectively (Table 1).

The interval between discharge from primary admis-
sion and follow-up readmission to the KCMC for all 
readmissions was an average of 9.4 days with a range 
from four to 21 days (Table 2). Cases 1 to 15 also had a 
documented epidemiological contact with a suspected 
or confirmed case of Ebola (excluding their primary 
admission to the KCMC) within the prior 21 days to their 
readmission to the KCMC (Table 2). The majority (10/15) 
of these epidemiological contact types were house-
hold followed by occupational (3/15) and funeral (2/15) 
(Table 2).

Discussion
In response to the current EVD outbreak in West Africa, 
numerous Ebola CMCs are operating concurrently in 
the region [3]. MSF has previously set the standard for 
constructing and managing these centres in remote 
African settings [9,10]. The literature indicates that 
hospitals with inadequate infection control procedures 

have previously augmented filovirus outbreaks while 
appropriately run CMCs help contain them [4]. The 
emerging situation in Sierra Leone of patients who 
were initially discharged as non-cases from the KCMC 
and then returning as EVD PCR positive cases within 
21 days has caused medical staff to question if CMCs 
are acting as potential amplifiers of infection during 
this outbreak even though appropriate infection con-
trol measures are being followed. Such a question is of 
public health importance to the overall future control 
of the outbreak.

This study has demonstrated that 7% of patients who 
were originally discharged as non-cases were readmit-
ted as EVD PCR positive cases. Notably all readmis-
sions occurred within 21 days of primary admission 
discharge, which is equivalent to the incubation period 
of EVD. This readmission’s timeframe raises the pos-
sibility of nosocomial infection having occurred during 
the primary admission. The average LOS for primary 
admissions linked to positive readmissions was two 
days, during which time patients were admitted to 
the suspect and probable wards of the CMC. Infection 
control measures are strictly enforced in these wards, 
which are separated by barrier fencing from the con-
firmed wards in order to minimise the risk of nosoco-
mial infection. Patients in the suspect/probable wards 
are encouraged to maintain a minimum distance from 
other patients at all times and not to touch or use items 
belonging to other patients. The number of cases per 
ward is capped to prevent overcrowding. Chlorine solu-
tion hand washing facilities are located at multiple 
points for patient and staff use. Patients can only be 
transferred from suspect/probable to confirmed wards 
and not vice versa to prevent spread of infection within 
the CMC. Hygienist staff regularly disinfects all areas 
within both the low and high risk zones. The implemen-
tation of strict infection control protocol in the suspect/
probable wards and the wider CMC in general reduces 
but can never eliminate the hazard of nosocomial EVD 
infection.

Importantly, all readmissions to the KCMC had docu-
mented epidemiological contacts with suspected or 
confirmed Ebola cases within the previous 21 days that 
did not include the original admission to the KCMC. This 
is a relatively reassuring finding as it acts as a counter 
weight to the fact that all readmissions occurred within 
the incubation period of EVD. The source of infection 
for positive readmissions is as likely to be the house-
hold, funeral and occupational contacts documented, 
as the primary admission to the KCMC. Positive read-
missions partly reflect the continuous intense trans-
mission of the virus in the surrounding community.

It is notable that patients who were discharged as not 
a case had an average LOS of almost two days in the 
suspect or probable wards. Unfortunately, it was not 
possible to distinguish between suspect and prob-
able admissions and readmissions, as this information 
was not sufficiently recorded on the case investigation 
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forms. Efforts are ongoing to collect this information in 
a more systematic manner in the field. There are mul-
tiple reasons for the LOS of almost two days including 
the lack of availability of a 24 hour laboratory service 
on-site to process blood samples and the restriction of 
the phlebotomy service to morning times only due to 
staff workload and safety concerns regarding perform-
ing venesection at night time. A proportion of newly 
admitted patients will require a repeat EVD PCR test 
if symptom duration has been less than 72 hours to 
rule out a false negative result [9]. In such cases the 
symptomatic patient will have to spend additional time 
in the suspect or probable ward until a repeat test is 
performed at the appropriate time. However, for newly 
arrived patients who already had a minimum of three 
days of symptoms, it is imperative that phlebotomy and 
laboratory analysis be performed as quickly as reason-
ably possible in order to prevent the risk of potential 
nosocomial EVD infection to patients who could be 
non-cases staying overnight in the suspect or probable 
wards. Ideally, phlebotomy and laboratory analysis at 
the CMC should be provided on a 24 hour basis where 
feasible. Furthermore, new bedside rapid diagnostic 
tests (RDT) for EVD that do not require phlebotomy are 
urgently needed. Such technology improves the timeli-
ness of diagnosis for patients and reduces the risk of 
infections for healthcare staff.

The epidemiological curve showed that the majority of 
readmissions occurred during the second half of the 
outbreak to date. Readmissions can only develop from 
the pool of discharged non-cases because EVD positive 
cases have immunity to the specific strain if they sur-
vive to discharge [11,12]. On further inspection of the 
epidemiological curve it appears that positive readmis-
sions have clustered following peaks in primary admis-
sions. The clustering of three positive readmissions 
between 15 and 21 July and five positive readmissions 
between 10 and 19 August occurred within 21 days of 
the primary admissions peaks on 2 and 3 July and on 
1 and 2 August respectively. The clustering of readmis-
sions following primary admission peaks within the 
EVD incubation period suggests the possibility of the 
presence of superspreaders of the virus.

This study has shown the importance of analysing CMC 
readmissions to understand what exposures contribute 
to positive readmissions and to detect potential noso-
comial EVD infection when no other sources of infec-
tion can be identified. For all positive readmissions 
described in this study an exposure, in addition to the 
primary admission, was identified within the EVD incu-
bation period.
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We analyse up-to-date epidemiological data of the 
Ebola virus disease outbreak in Nigeria as of 1 October 
2014 in order to estimate the case fatality rate, the 
proportion of healthcare workers infected and the 
transmission tree. We also model the impact of control 
interventions on the size of the epidemic. Results indi-
cate that Nigeria’s quick and forceful implementation 
of control interventions was determinant in controlling 
the outbreak rapidly and avoiding a far worse scenario 
in this country.

Outbreak details
The largest Ebola virus disease (EVD) outbreak to 
date is ongoing in West Africa, particularly in Guinea, 
Sierra Leone and Liberia, with a total of 7,178 reported 
cases including 3,338 deaths as of 1 October 2014 [1]. 
A total of 20 EVD cases (19 laboratory confirmed, one 
probable) have been reported in Nigeria, with no new 
cases reported since 5 September 2014. All 20 cases 
stemmed from a single importation from a traveller 
returning from Liberia on 20 July 2014 [2]. The Nigerian 
index case had visited and cared for a sibling in Liberia 
who died from the disease on 8 July 2014 [2,3]. Despite 
being aware of his exposure to Ebolavirus in Liberia, 
the index case flew from Liberia to Lagos, Nigeria, on 
a commercial airplane on 20 July 2014, with a stopover 
in Lomé, Togo. The case became symptomatic while 
flying and collapsed at Lagos airport upon landing, 
which prompted him to seek medical attention and 
led to a number people being exposed to Ebolavirus. 
Epidemiological investigation revealed that the index 
case had contracted Ebolavirus in Liberia; the patient 
died on 25 July 2014 [4]. 

A total of 894 contacts were subsequently linked to 
this index case, including the primary, secondary and 
tertiary contacts [2].** Importantly, one of the pri-
mary contacts of the index case had travelled to Port 
Harcourt, the capital of Rivers State, at the end of July 
2014 and was cared for by a healthcare professional 
who subsequently became infected and died on 22 
August 2014. This deceased healthcare worker was in 
turn linked to a total of 526 contacts in Port Harcourt 
[2]. As of 1 October 2014, all contacts had completed 
the 21-day surveillance follow-up, including those 
under surveillance in Rivers State, with no new report 
of incident cases [2].   The World Health Organization 
is soon to officially declare Nigeria free of active 
Ebolavirus transmission [2].

Here we assess the epidemiological data for the EVD 
outbreak in Nigeria from 20 July to 1 October 2014, and 
use a dynamic disease transmission model to illustrate 
the effect of forceful interventions in rapidly containing 
the EVD outbreak in Nigeria. The interventions included 
timely implementation of careful contact tracing and 
effective isolation of infectious individuals. 

Data sources
We used up-to-date epidemiological data for the EVD 
outbreak in Nigeria available from public sources as of 
1 October 2014 [1,5-32]. 

The 19 laboratory-confirmed cases were diagnosed 
by reverse transcription (RT)-PCR at Lagos University 
Teaching Hospital and Redeemer University in Lagos. 
Probable cases are suspected cases evaluated by a cli-
nician or any deceased suspected case with an epide-
miological link with a confirmed EVD case [1,2]. 
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The diagnosis of the index case took approximately 
three days, while results of the tests for the other 
confirmed cases were typically available within 24 
hours. Samples were also sent to the World Health 
Organization Reference Laboratory in Dakar, Senegal, 
for confirmation. 

All symptomatic contacts were initially held in an iso-
lation ward. Following laboratory confirmation of EVD, 
all positive symptomatic contacts were immediately 
moved to an EVD treatment centre. Asymptomatic sus-
pected contacts were separated from symptomatic 
contacts. Negative asymptomatic individuals were dis-
charged immediately [2].

Modelling Ebolavirus transmission and 
control
We estimated the case fatality rate (number of 
reported deaths/number of reported cases), the pro-
portion of infected healthcare workers, and the mean 
number of secondary cases by generation of the dis-
ease by analysing a transmission tree. We employed 

two compartments to differentiate between infectious 
individuals who were in the community and those who 
had been identified and placed in isolation in hospital. 
Using epidemic modelling, we also projected the size 
of the outbreak in Nigeria if control interventions had 
been implemented at different dates, and hence esti-
mate how many cases were prevented by early start of 
interventions.

We carried out stochastic EVD outbreak simulations 
based on a simplified version of the model proposed 
by Legrand et al. [33], which was developed to classify 
the contribution of community, funeral and healthcare 
settings to the total force of infection. Although the 
model also accounts for transmission stemming from 
burial practices that involve touching the body of the 
deceased, this feature is believed to have less influ-
ence on transmission in the EVD outbreak in Nigeria 
[34]. For the sake of simplicity, we only classified trans-
mission in the community and in healthcare settings by 
adjusting baseline transmission rates, diagnostic rates 
and enhancement of infection-control measures (e.g. 

Figure 1
Cumulative reported cases and deaths of Ebola virus disease in Nigeria, July–September 2014*,**

A total of 19 laboratory-confirmed cases, one probable case and eight deaths among the cases have been reported as of 1 October 2014.  The 
index case entered Nigeria on 20 July 2014 and the onset of outbreak is taken from that date.

To build the Ebola virus disease epidemic curve, we reviewed all relevant information published in Morbidity and Mortality Weekly Report 
[2] and World Health Organization Ebola situational reports and updates for Nigeria published during July to September 2014 [1,5-31] and 
categorised the 20 reported Ebola virus disease patients by reporting date and discharge status (dead/alive). 
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strict use of protective equipment by healthcare work-
ers and effective isolation of infectious individuals). 

The modelled population was divided into five catego-
ries: susceptible individuals (S); exposed individuals 
(E); Infectious and symptomatic individuals (I); hospi-
talised individuals (H); and individuals removed from 
isolation after recovery or disease-induced death (P). 
Susceptible individuals infected through contact with 
infectious individuals (secondary cases) enter the 
latent period at mean rate β(t) (I +l(t) H) /N(t) where β(t) 
is the mean human-to-human transmission rate per 
day, l(t) quantifies the mean relative transmissibility 
of hospitalised patients compared with that in symp-
tomatic patients in the community, and N(t) is the total 
population size at time t. Thus, values of this param-
eter between 0 and 1 measure the effectiveness of 
the isolation of infectious individuals that decrease 
Ebolavirus transmission probability below that seen 
in the community. Values close to 0 illustrate ‘near-
perfect’ isolation, while values closer to 1 illustrate 
‘imperfect’ isolation strategies. Symptomatic infec-
tious individuals I are hospitalised at a time-dependent 
mean rate γa(t) or else recover without being hospital-
ised, at the mean rate γI. Individuals in the ‘removed’ 
category do not contribute to the transmission process. 
For simplicity, it can be assumed that the time-depend-
ent transmission rate  β(t), the mean relative trans-
missibility of hospitalised patients l(t), and the mean 
diagnostic rate γa(t), remain constant with values at β0, 
l0, and  γa0  before the implementation of intervention 

measures. Once control interventions are instituted at 
time τ, the transmission rate decreases to β1(β1<β0), the 
mean relative transmissibility of hospitalised patients 
decreases to l1 (l1 <l0) by enhancing infection control 
measures in healthcare settings, while the diagnostic 
rate increases to γa1 (γa0 < γa1) through contact tracing 
activities.

We carried out stochastic simulations of this transmis-
sion model to project the size of the outbreak in Nigeria 
if interventions (index case identification, contact trac-
ing and isolation of those infected) had been started 
at different dates (range of 3 to 50 days after the index 
case arrived in Nigeria), and hence estimate how many 
cases were prevented by an early start of interventions. 
Baseline epidemiological parameters were set accord-
ing to the epidemiology of EVD (i.e. incubation period 
of 6–12 days [35,36], infectious period of 5–7 days 
[37,38], case fatality rate: 35–50% [36]). Moreover, the 
mean time from symptom onset to diagnosis (γa0) was 
set at five days before the implementation of interven-
tions [11]. Without loss of generality, we set the effec-
tive population size at 10,000,000 (assuming larger 
population sizes, for example, did not affect our conclu-
sions). R0 (the basic reproduction number) denotes the 
transmission potential before the start of interventions 
in a completely susceptible population [39], while we 
refer to R, the reproduction number, when transmission 
is affected by control interventions. We varied R0 in the 
range 1.5–2.0 before the start of interventions, based 
on estimates from other affected countries [40-43]. R0 

Figure 2
Transmission tree of the Ebola virus disease outbreak in Nigeria, July–September 2014 *,**

To develop a detailed transmission tree for the patients included in Figure 1, we built on a published tree [2], cross-referencing the information 
in the tree with that in World Health Organization reports [1,5-31], as well as information from local newspaper reports (e.g. [32]) that provided 
details on individual patient’s infection links and their occupation. We categorised each patient according to the transmission setting 
(Ebolavirus acquired in a healthcare setting or the community), patient’s geographical location (Lagos or Port Harcourt) and discharge status 
(dead/alive).
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was set by adjusting the baseline transmission rate. 
After the start of the interventions, only two param-
eters were adjusted: (i) the mean time from symptom 
onset to diagnosis was reduced from five days to one 
day; and (ii) the infectiousness of hospitalised individ-
uals was reduced by 80% to reflect the tightening of 
infection control measures in hospital settings relative 
to levels before the identification of the index case (i.e. 
l0 =1, l1 = 0.2). 

We ran 200 stochastic simulations starting with the 
introduction of an index case and 12 local individuals 
exposed by the index case at the start of the outbreak 

(i.e. I(0)=1, E(0)=12). We set the timing of start of inter-
ventions  τ at day 3 of the simulated outbreak (in line 
with the Nigerian outbreak response), as well as 10, 20, 
30, 40 and 50 days, and compared the predicted final 
epidemic size with that of the outbreak in Nigeria (i.e. 
20 EVD cases (laboratory-confirmed and probable)). 
Simulation code in Matlab is available upon request 
from the authors.

Results
Eight of the 20 reported EVD cases reported in Nigeria 
have died, giving an estimated case fatality rate of 
40% (95% CI: 22–61) (Figure 1). Of the 20 cases, 11 

Figure 3
Simulation results from calibrating the transmission model to assess the timing of control interventions on the size of the 
Ebola virus disease outbreak in Nigeria 

I: mean relative transmissibility of hospitalised patients; R0: basic reproduction number.
Baseline epidemiological parameters were set according to the epidemiology of Ebola virus disease and R0=2 before the start of interventions. 
Moreover, the mean time from symptom onset to diagnosis (1/γa0) was set at five days before the implementation of interventions, and the 
effective population size was set at 10,000,000. After the start of interventions, the mean time from onset to diagnosis was reduced from 
five days to one day, and the relative infectiousness of hospitalised individuals was reduced by 80% (i.e. l0=1, l1=0.2) to reflect the strict 
enhancement in infection control measures in hospital settings. Day 0 corresponds to the day when the index case was introduced in the 
population. We analysed 200 stochastic model simulations.
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were healthcare workers; nine of whom acquired the 
virus from the index case before the disease was iden-
tified in the country [1].

We built the transmission tree of the EVD outbreak, 
which provides information on the history of each case 
(Figure 2). The index case generated 12 secondary 
cases in the first generation of the disease. Five sec-
ondary cases were generated in the second generation 
and two secondary cases in the third generation. This 
leads to a rough empirical estimate of the reproduction 
number according to disease generation decreasing 
from 12 during the first generation, to approximately 
0.4 during the second and third disease generations.

The projected effect of control interventions on the 
transmission of Ebolavirus in Nigeria is illustrated in 
Figure 3.

The effect of the effectiveness of isolation of infectious 
individuals on the reproduction number is shown in 
Figure 4 for three values of the diagnostic rate. There 
is a critical level of isolation effectiveness of infectious 
individuals estimated at about 60% with a mean time 
from symptom onset to diagnosis of one day, which is 
necessary to reduce the reproduction number below 

the epidemic threshold at R=1.0 and halt the spread of 
EVD (Figure 4).

Discussion
We have analysed epidemiological data of what 
appears to be a limited outbreak of EVD in Nigeria 
based on data available as of 1 October 2014, with no 
new EVD cases reported since 5 September 2014. The 
swift control of the outbreak was likely facilitated by 
the early detection of the index entering Nigeria from 
a country where disease is widespread, in combina-
tion with intense contact tracing efforts of all con-
tacts of this index case and the subsequent isolation 
of infected secondary cases [2]. In contrast, the ini-
tial outbreak in Guinea remained undetected for sev-
eral weeks [44]. This detection delay facilitated the 
transnational spread of the virus to Sierra Leone and 
Liberia, while difficulties and at times inability to track 
and contain infectious individuals compounded the sit-
uation and resulted in an as yet uncontrolled epidemic 
in these countries. 

We estimated a mean case fatality rate of 40% (95% 
CI: 22–61) for the EVD outbreak in Nigeria. This esti-
mate based on a small sample size is at the lower end 
of estimates from previous outbreaks, ranging from 
41% to 89% [33] and is likely a result of supportive care 

Figure 4
Effects of the effectiveness of isolation of infectious individuals on the reproduction number for three values of the diagnostic 
rate, Ebola virus disease outbreak, Nigeria

I: mean relative transmissibility of hospitalised patients; R: reproduction number.
There is a critical level of isolation effectiveness of infectious individuals estimated at about 60% with a mean time from symptoms onset to 
diagnosis of one day, which is necessary to reduce the reproduction number below the epidemic threshold at R=1.0 and halt the spread of 
Ebola virus disease.
The baseline R0 was set at 2.0 with l0 =1 and the mean time from symptom onset to diagnosis (1/γa0) was five days before the implementation 
of interventions.
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offered in dedicated facilities put in place in a timely 
fashion by the Nigerian authorities. In comparison, the 
EVD case fatality rate in the ongoing outbreak in Guinea, 
Sierra Leone and Liberia has been estimated at 70% 
(range: 61– 89) [36]. As is the case for any emerging 
infection, these estimates have to be considered with 
caution as they are prone to many biases, including 
under-reporting of milder symptomatic cases (affecting 
the denominator) and censoring effects related to the 
unknown final outcome of the most recent infections.

The toll on healthcare workers in the EVD outbreak has 
been substantial, as they account for 11 of the 20 EVD 
cases in Nigeria. Past EVD outbreaks have been ampli-
fied in healthcare settings, e.g. [45,46], including in 
the ongoing epidemic in West Africa, with about 5% of 
the total number of reported EVD cases being health-
care workers based on data available as of 1 October 
2014  [20,47].

Fortunately, past experience with the Zaire Ebolavirus 
strain also indicates that early, intense and sustained 
infection control measures in healthcare settings can 
substantially reduce the size and geographical scope 
of EVD outbreaks [48], which is consistent with the 
recent Nigerian experience.

The number of secondary cases decreased over sub-
sequent disease generations in Nigeria, reflecting the 
effects of interventions, in particular the intense and 
rapid contact tracing strategy, the continuous surveil-
lance of potential contacts, and the largely effective 
isolation of infectious individuals. Indeed, the mean 
reproduction number among secondary cases in Nigeria 
(i.e. excluding the contribution from the imported trav-
eller) was 0.4 in the presence of control interventions. 
This number is below the epidemic threshold for dis-
ease spread, while a recent estimate of R derived from 
the growth rate pattern for Nigeria straddled the epi-
demic threshold of 1.0 [36]. In contrast, recent esti-
mates of the reproduction number for the ongoing EVD 
epidemic in Sierra Leone and Liberia range between 
1.5 and 2 [40-43], indicating that the outbreak is yet 
to be brought under control [43]. Moreover, the size of 
the outbreak in Nigeria is in agreement with our model 
simulation results when we assume that interventions 
were quickly instituted on day 3 of the outbreak. Our 
model simulations of delayed interventions, in accord-
ance with large outbreaks in the broader West African 
region, demonstrate the necessity of rapid and force-
ful control measures. The Nigerian experience offers 
a critically important lesson to countries in the region 
not yet affected by the EVD epidemic, as well as to 
countries in other regions of the world that risk impor-
tation of EVD and that must remain vigilant. As a case 
in point, the recent importation of an EVD case in the 
United States from Liberia [49] proves that no country 
is immune to the risk of EVD in a globally connected 
world, but that rapid case identification and forceful 
interventions can stop transmission. 

* Addendum
To build the EVD epidemic curve (Figure 1), we reviewed 
all relevant information published in Morbidity and 
Mortality Weekly Report [2] and WHO Ebola situational 
reports and updates for Nigeria published during July 
to September 2014 [1,5-31] and categorised the 20 
reported EVD patients by reporting date and discharge 
status (dead/alive). To develop a detailed transmission 
tree for these patients (Figure 2), we built on a pub-
lished tree [2], cross-referencing the information in the 
tree with that in the WHO reports, as well as informa-
tion from local newspaper reports (e.g. [32]) that pro-
vided details on individual patient’s infection links and 
their occupation. We categorised each patient accord-
ing to the transmission setting (Ebolavirus acquired in 
a healthcare setting or the community), patient’s geo-
graphical location (Lagos or Port Harcourt) and dis-
charge status (dead/alive). The addendum was added 
on 30 April 2015, at the request of the authors, follow-
ing comments from colleagues involved in the outbreak 
response in Nigeria.

** Authors’ correction
The following corrections were made on 30 April 2015 
at the request of the authors, following comments from 
colleagues involved in the outbreak response in Nigeria 
and facilitated by the editors of Eurosurveillance: the 
number of contacts investigated through contact trac-
ing was changed from 898 to 894 and unnecessary 
information regarding contact type was removed; 
individual-level patient information provided in Figure 
2 was removed, as was a sentence in the text provid-
ing details of a nurse who cared for the index patient, 
for confidentiality purposes. The reference list was 
expanded to include additional supporting documents 
and the citations were amended accordingly throughout 
the article. Finally, a sentence pertaining to the man-
agement of contacts that tested negative for Ebolavirus 
was removed in response to comments from colleagues 
involved in the outbreak response in Nigeria. These 
changes do not have any bearing on the results or con-
clusions of the study. 
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We reviewed the epidemiology of pertussis in Italy 
over the last 125 years to identify disease trends and 
factors that could have influenced these trends. We 
described mortality rates (1888–2012), case fatality 
rates (1925–2012), cumulative incidence rates (1925–
2013) and age-specific incidence rates (1974–2013). 
We compared data from routine surveillance with 
data from a paediatric sentinel surveillance system 
to estimate under-notification. Pertussis mortality 
decreased from 42.5 per 100,000 population in 1890 
to no reported pertussis-related death after 2002. 
Incidence decreased from 86.3 per 100,000 in 1927 to 
1 per 100,000 after 2008. Vaccine coverage increased 
from 32.8% in 1993 to about 96% after 2006. As for 
under-notification, mean sentinel/routine surveillance 
incidence ratio increased with age (from 1.8 in <1 year-
olds to 12.9 in 10−14 year-olds). Pertussis mortality 
decreased before the introduction of immunisation. 
Incidence has decreased only after the introduction of 
pertussis vaccine and in particular after the achieve-
ment of a high immunisation coverage with acellu-
lar vaccines. Routine surveillance does not show an 
increase in cumulative incidence nor in ≥15 year-olds 
as reported by other countries. Underrecognition 
because of atypical presentation and the infrequent 
use of laboratory tests may be responsible for under-
notification, and therefore affect incidence reports 
and management of immunisation programmes. 

Introduction
Every year Bordetella pertussis infection causes nearly 
16 million cases and 195,000 deaths in children world-
wide [1]. Although an estimated 95% of pertussis cases 
is observed in developing countries, pertussis is a 
cause of concern in several developed countries, where 
the disease seems to be resurging despite a high vacci-
nation coverage [2-4]. Recently, large outbreaks of per-
tussis have been observed in Europe, the United States 
and Australia [5-7]. A precise estimate of the burden of 
pertussis is far from being possible due to the interac-
tion of underrecognition, underreporting, and lack of 
availability of diagnostic facilities [8]. 

Several authors have reviewed the epidemiology of 
pertussis over a long period of time to describe the dis-
ease trends and to investigate the role of factors that 
may affect these trends [4,9-11]. These studies have 
focused on the epidemiology of pertussis since the 
introduction of the immunisation in the mid-1940s and 
have investigated factors potentially involved in the 
resurgence of pertussis, including increased aware-
ness, diagnosis and reporting, changes in vaccine com-
position or schedule, waning immunity, and evolution 
of the bacteria.

In Italy, recommendations for pertussis immunisa-
tion were released in 1961, when whole cell vaccines 
became available [12]. Nevertheless, vaccination cover-
age increased substantially only after the introduction 
of acellular pertussis vaccines in 1995 and, even fur-
ther, after 2002, when the vaccine started to be offered 
free of charge by all Italian regions [13]. Based on rou-
tine surveillance data, Italy is currently a low incidence 
country and outbreaks or incidence peaks have been 
rarely reported after the achievement of a high immu-
nisation coverage [14].

We reviewed the epidemiology of pertussis in Italy in 
the last 125 years to explore factors that affected its 
trend and to estimate the effect of the immunisation on 
the disease burden.

Methods

Data sources
Data on notified pertussis cases were obtained from 
the Ministry of Health, which collects notifications 
from the Surveillance System for Infectious Diseases 
in Italy [14]. The Italian Surveillance system is passive, 
universal, and mandatory. Notification of infectious 
diseases relies on physicians and has been regulated 
by law with acts issued since 1901. For pertussis the 
only criterion for notification was a clinical diagno-
sis based on the opinion of the physician examin-
ing the patient, until the introduction of the World 
Health Organization (WHO) case definition in 1999 that 
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better defined diagnostic criteria [13,15]. Although the 
European Union case definition of the year 2008 has 
been approved at European level [16], pertussis noti-
fication in Italy continues to rely mainly on a clinical 
case definition, and laboratory confirmation is not 
routinely adopted, despite the availability at national 
level of real time-PCR and serology [17]. Until 1974, sur-
veillance reports included the total number of notified 
pertussis cases only; after 1974, reported cases were 
available by age group.

Data on pertussis mortality and on the Italian popu-
lation demographics for the period 1862−2009 were 
obtained from the National Institute of Statistics [18].

We also analysed data on pertussis incidence from a 
sentinel surveillance system for vaccine preventable 
diseases in children aged 0−14 years [19,20]. This sen-
tinel surveillance system was in place in Italy between 
2000 and 2009, with about 11% of all Italian primary 
care paediatricians participating; the range of partici-
pation among the Italian regions was between 7 and 
16% [20].
Data on pertussis vaccine coverage in the first 24 
months of life were obtained from the Ministry of 
Health and from surveys on vaccine coverage [21-24]. 

Data analysis
We described pertussis epidemiology in Italy in four 
time windows. Period 1: 1888 to 1945, covering the late 
19th century and nearly first half of the 20th century, 
including the two World Wars; period 2: 1946 to 1960, 
covering the pre-vaccine era after the second World 
War; period 3: 1961 to 1994, covering the time when 
whole cell vaccine became available and coverage was 
low (<33%); and period 4: 1995 to 2012, covering the 
time when acellular vaccine was used and the coverage 
high (>87%).

We calculated mortality rates per 100,000 population 
for pertussis in Italy from 1888 to 2012, case fatal-
ity rates from 1925 to 2012, and incidence rates per 
100,000 population for the entire Italian population 
from 1925 to 2013. We also calculated the age specific 
incidence rates from 1974 to 2013 for the following age 
groups: <1 year-olds, 1−4 years-old, 5−9 years-old, 
10−14 years-old, ≥15 years-old. 

Incidence rates by age group (<1 year-olds, 1−4 years-
old, 5−9 years-old, 10−14 years-old) from the pae-
diatric sentinel surveillance system were used for 
comparison with routine surveillance data. Assuming 
a higher sensitivity of the sentinel surveillance system 
we calculated the average ratio between sentinel sur-
veillance and routine notification rates by age group to 
estimate under-notification.

Since the sentinel surveillance system reported 
monthly notification data, we also investigated season-
ality. We used one-way Analysis Of Variance (ANOVA) 
test to compare the period means and F-test to assess 

if differences between means were statistically signifi-
cant. Moreover, in order to improve the identification 
of a seasonal pattern, we used spectral analysis. We 
examined the cyclical structure of the detrended time 
series in the frequency domain using the periodogram, 
which represents an estimate of the spectral density 
computed using the fast Fourier Transform (FFT). By 
applying the Hodrick-Prescott filter (with λ=14,400) 
to the monthly time series of pertussis incidence, we 
removed the trend component and used the detrended 
data to build a periodogram through the FFT, allow-
ing to switch from the time function to the frequency 
domain function. We built up a periodogram with the 
scales frequency on the x-axis and the spectral density 
on the y-axis. Indicating with T the period and with N 
the number of observations, the scaled frequency was 
calculated as f = N/T, and denoting by ω the angular 
frequency, the scaled frequency was f = ω *(N/2π), 
where ω = 2π/T. 

Stata 11 and Gretl 1.9.14 were used for data analysis.

Results

Demographic changes
During the last century in Italy birth and mortality 
rates have progressively declined, whereas life expec-
tancy has increased. Live births decreased from 37.5 
per 1,000 inhabitants in 1862 to 9.5 in 2009. This cor-
responds to a reduction by nearly half from 1,119,563 
alive newborns in 1888 to 566,125 in 2009, with a more 
marked decline during the World Wars and since the 
1970s. Mortality rates for all causes decreased from 
27.4 per 1,000 inhabitants in 1888 to 9.8 in 2009. The 
Italian population has continuously grown from 26 mil-
lion in 1862 to 60 million in 2009, with a progressive 
aging of the population. The aging index, i.e. the ratio 
between adults aged ≥65 years and children aged ≤14 
years, has increased from 15.9% in 1888 to 143.4% in 
2009.   

Descriptive Analysis

Period 1 (1888 to 1945) 
Pertussis mortality progressively decreased from 42.5 
per 100,000 population in 1890 to 3.6 in 1945 (Figure 
1). Case fatality rate decreased from 13.4% in 1925 to 
6.7% in 1942, thereafter it increased again during the 
last two years of the second World War to 10.7% in 1944 
and 10.3% in 1945 respectively (Figure 1). Pertussis 
incidence was high between 1925 and 1941, ranging 
between 50 and 70 per 100,000 population, with a peak 
of 86.3 in 1927 (Figure 2). The lowest incidence of per-
tussis was reported in 1944 (23.3/100,000). Epidemic 
cycles occurred regularly every three to five years. 

Period 2 (1946 to 1960, pre-vaccine era)
Between 1946 and 1960, pertussis mortality and case 
fatality rates continued to decrease and reached very 
low numbers (Figure 1). Mortality decreased from 5.5 
per 100,000 population in 1946 to 0.2 in 1960, and 
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Figure 1
Pertussis mortality and case fatality, Italy, 1888−2012 and 1925−2012 respectively 

0

5

10

15

20

25

30

35

40

45

0

5

10

15

20

25

30

35

40

45

18
88

18
91

18
94

18
97

19
00

19
03

19
06

19
09

19
12

19
15

19
18

19
21

19
24

19
27

19
30

19
33

19
36

19
39

19
42

19
45

19
48

19
51

19
54

19
57

19
60

19
63

19
66

19
69

19
72

19
75

19
78

19
81

19
84

19
87

19
90

19
93

19
96

19
99

20
02

20
05

20
08

20
11

Ca
se

-fa
ta

lit
y 

ra
te

s 
%

M
or

ta
lit

y 
ra

te
s 

pe
r 1

00
,0

00

Year

Mortality per 100,000

Case fatality per 100

Preliminary data for 2012

Figure 2
Pertussis incidence and pertussis immunisation coverage at 24 months, Italy, 1925−2013 
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case fatality rate from 12.2% to 0.5%. Pertussis deaths 
decreased from over 2,000 to around 100 per year. 
At the same time, a high and increasing incidence of 
pertussis was observed (Figure 2). Pertussis epidemic 
cycles continued to occur every three to five years 
with increasing incidence peaks (59.6/100,000 in 
1949, 79.8/100,000 in 1953). The highest value (85.6/ 
100,000) was observed in 1957. 

Period 3 (1961 to 1994, whole cell vaccine, low coverage) 
In 1961, recommendations for pertussis immunisa-
tion with the whole cell vaccine were released in Italy. 
Vaccination was not mandatory and immunisation poli-
cies differed among regions, with only some regions 
offering the immunisation for free [12]. Hereafter, 
pertussis mortality decreased further from 0.34 per 
100,000 population in 1961 to 0.00 in 1994 (Figure 1). 
Mortality decreased from over 100 pertussis-related 
deaths per year between 1961 and 1966, to two per-
tussis-related deaths in 1994. The case fatality rate 
was below 1% during the whole period, with values 
between 0.1 and 0.0% after 1982 (Figure 1). 

With the introduction of the whole cell vaccine, pertus-
sis incidence showed a decreasing trend from 76.2 per 
100,000 population in 1961 to 12.7 in 1981, although 
immunisation coverage was very low, with reported 
figures ranging between 10 and 16% during the years 
1974 to 1981 (Figure 2). Epidemic cycles continued to 
occur every three to five years. An incidence peak was 
observed in the period 1983 to 1987, reaching values 
of 45.6 per 100,000 population in 1983 and 48.2 in 
1987. Afterwards, incidence decreased again and the 
lowest value was reached in 1993 (7.5/100,000), when 
a vaccine coverage of 32.8% was reached. From 1974 
to 1994 pertussis incidence was highest in children 
<1 year of age (range: 108.7–618.6/100,000 popula-
tion) and in 1−4 years-old (range: 93.6–639.9/100,000) 

(Figure  3). Incidence in 5−9 year-old children was 
intermediate (range: 40.5–294.2/100,000 population), 
whereas pertussis incidence was lowest in adoles-
cents (range: 1.2–34.4/100,000 population) and adults 
(range: 0.4–3.4/100,000). 

Period 4 (1995 to 2013, acellular vaccine, high coverage) 
In 1995, acellular pertussis vaccines replaced whole 
cell vaccines with a recommended two-dose primary 
series and a booster at the age of 11 months. An addi-
tional preschool booster was recommended in 1999, 
and a booster in adolescents introduced in the child-
hood immunisation programme in 2012 [25]. Vaccine 
coverage increased dramatically, with an uptake of 
89.2% in 1998, 87.3% in 2000, 94.7% in 2005, and 
96.2% in 2010 (Figure 2). From 1995 to 2001, only one 
pertussis death per year was reported. No deaths have 
been reported since 2002. 

After the introduction of the acellular pertussis vaccine, 
incidence peak values have decreased from 25.3 per 
100,000 population in 1995 to 12.3 in 1998 (Figure  2). 
Since 1999, incidence has been below seven. Rates 
decreased below three per 100,000 population after 
the vaccine was offered free of charge in all Italian 
regions in 2002 and to around one per 100,000 popu-
lation since 2008. Since 2002, epidemic cycles have 
been less clearly identifiable, due to the low incidence 
of pertussis. After the introduction of the acellular vac-
cines, incidence decreased in all age groups (Figure 
3). Children <1 year of age continued to be the age 
group with the highest incidence rates (range: 6.9–
556.4/100,000 population). Between 1998 and 2004, 
incidence rates were higher among children aged 5−9 
years (range: 12.1–116.4/100,000 population) than in 
children aged 1−4 years (range: 10.5–81.8/100,000). 
Since 2003, incidence rates in 10−14 year-olds (range: 
2.5–13.6/100,000 population) exceed rates in 1−4 
(range: 1.6–11.2/100,000) and 5−9 years-old children 
(range: 1.3–12.4/100,000). The ≥15 years-old popula-
tion, remains the age group with the lowest incidence 
rates (range: 0.0–1.1/100,000 population). After the 
introduction of the acellular vaccines, proportional dis-
tribution of reported cases by age group has changed 
(Figure 3). The proportion of reported cases in 1−4 and 
5−9 year-olds has decreased, whereas the proportion 
of reported cases in those <1 year of age and 10−14 
years-old has increased. Only a slight increase in the 
proportion of reported cases in the group ≥15 years of 
age has been observed.

Seasonality
Monthly data from the paediatric sentinel surveillance 
system from 2000 to 2009 showed a significant sea-
sonal difference in incidence. The lowest incidence 
was reported in the fourth quarter, with a mean of 
5.9 per 100,000 population, whereas values between 
10 and 12.7 were observed during the other quarters 
(p-value=0.0027). The periodogram shows a peak for 
f=10 (corresponding to a periodicity of 11.8 months), 
with a spectral density of 61.04 and ω=0.53 (Figure 4). 

Figure 3
Age percent distribution of pertussis cases, Italy, 1974–2013 
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An additional peak of lower amplitude (spectral den-
sity=22.44) is shown for f=5 (corresponding to a 
periodicity of 23.60 months). The strong annual perio-
dicity in the Italian pertussis incidence peaked between 
March and August (spring/summer), while the mini-
mum incidence was observed between September and 
February (autumn/winter). The annual and the biannual 
components of the time series stand for a sustained 
circulation of the disease in the period included in the 
analysis. 

Under-notification
Data from the paediatric sentinel surveillance system 
in the period 2001 to 2008 showed significantly higher 
incidence rates than the routine surveillance, rang-
ing from 13 to 360 per 100,000 population depending 
on the age group (Figure 5). Incidence rates showed a 
decreasing trend in all age groups. The age group with 
the highest incidence rates was 10−14 year-olds. Since 
2005, incidence rates in 1−4 year-olds have exceeded 
incidence in children <1 year of age and those 5−9 
years-old. Under-notification was lowest in children 
<1 year of age, with a mean sentinel/routine surveil-
lance ratio of 1.8 in this age group. Under-notification 
increased in older age groups, with a mean ratio of 11.8 
in 1−4 years-old children, 9.2 in 5−9 year-olds, and 12.9 
in 10−14 year-olds. 

Discussion
The epidemiology of pertussis has dramatically 
changed in Italy over the last century. Pertussis mor-
tality has greatly declined, with no reported pertussis-
related deaths since 2002. Pertussis incidence has 

decreased after the introduction of immunisation, in 
particular after achieving a high immunisation cov-
erage with acellular vaccines after the year 2000. No 
resurgence of pertussis has been detected by routine 
surveillance data as of yet. 

The improved living conditions of the Italian popula-
tion and the achievement of better healthcare after 
the two World Wars likely affected pertussis mortal-
ity. Mortality and case fatality rates decreased indeed 
dramatically to values below 1 per 100,000 population 
and below 1% respectively, before the introduction of 
pertussis immunisation in the 1960s.

Figure 4
Periodogram of pertussis incidence in children 0−14 years-old, Italian paediatric sentinel surveillance system, January 2000−
October 2009 
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The introduction of pertussis immunisation has mark-
edly influenced the incidence of the disease. Pertussis 
incidence started decreasing after the introduction of 
the whole cell vaccine in 1961, even if vaccine cover-
age was low. The most evident decrease in pertussis 
incidence has been observed after 1995, when the 
acellular pertussis vaccine was introduced, allowing to 
reach values <5 per 100,000 population after the year 
2000. Since 2002, the vaccine has been offered free of 
charge to children <1 year of age by all Italian regions, 
allowing to achieve an immunisation coverage of about 
96% after 2006. 

The introduction of acellular vaccines and the progres-
sive increase in vaccine coverage have also influenced 
the age distribution of the disease over the last two 
decades. During the low-coverage period, the high-
est pertussis incidence was in children <1 year and in 
those 1−4 years of age. After 1995, the highest inci-
dence rates persisted in children <1 year of age, while 
incidence in 1−4 year-olds, the ones more protected 
by the infant immunisation, started decreasing. After 
an initial increase, incidence in children 5−9 years-old 
has been decreasing since 2003, following the intro-
duction of the preschool booster in 1999. The constant 
increase of pertussis incidence in 10−14 years-old chil-
dren can be explained by waning immunity [26-30], or 
by an increase in awareness of pertussis in this age 
group [11].

The introduction of immunisation programmes 
decreases the accumulation of susceptible individuals 
and therefore delays the occurrence of epidemic cycles 
[31]. In the case of pertussis in Italy, we observed that 
regular epidemic cycles persisted despite the demo-
graphic changes and even after the introduction of the 
immunisation. Only once a high immunisation cover-
age of >94% was reached after 2002, epidemic cycles 
became unapparent. Immunity starts to wane between 
four to 10 years after pertussis immunisation, or even 
earlier according to recent reports [28-30], and also 
the protection after the natural disease is not lifelong 
[26,27]. Therefore, susceptible individuals are likely to 
have accumulated over time, especially in older age 
groups. Nevertheless, according to data from the rou-
tine surveillance system, Italy is not experiencing a 
resurgence of pertussis as reported in other developed 
countries [2-7]. In these countries a resurgence started 
to be observed several years after reaching high vac-
cine uptake rates [4,32]. Considering that in Italy a high 
immunisation coverage has been reached only after 
the year 2002, a resurgence of pertussis may be seen 
only in the years to come.

Data from the routine surveillance system do not show 
an increase in pertussis incidence in the ≥ 15 years-
old population in Italy, as described in other European 
countries [2]. This is in contrast with a recent Italian 
seroepidemiological study, which suggests that B. per-
tussis actually circulates among adolescents and adults 
[33]. Underrecognition and missed diagnosis may 

partially explain the very low incidence rates reported 
in this age group in Italy. Symptoms of pertussis in 
adolescents, adults and previously vaccinated individ-
uals are not always as typical as in younger children 
[34,35]. Indeed, a recent study showed that Italian phy-
sicians seldom suspect pertussis, and therefore do not 
request a laboratory confirmation test in older patients 
with a chronic cough [36]. The scarce use of laboratory 
confirmation of a suspected B. pertussis infection obvi-
ously reduces the possibility of diagnosis in patients 
with atypical pertussis presentation in all age groups.

Under-notification may also affect surveillance 
reports. Our results show a high under-notification 
ratio when comparing incidence figures from a senti-
nel surveillance system with routine reports. Moreover, 
under-notification ratios increased with age. Similar 
results have been recently reported from Poland [37]. 
Assuming that incidence figures based on surveillance 
reports should be adjusted for underrecognition and 
under-notification, the real incidence of pertussis may 
be much higher compared to figures reported through 
routine surveillance, with a higher difference in older 
age groups. 

While in other countries changes in diagnostic criteria 
and techniques may have affected the reported per-
tussis incidence, notification in Italy still mainly relies 
on a clinical diagnosis, although laboratory diagnosis 
of B. pertussis infection is available [17]. This is obvi-
ously a limitation for the reliability of the surveillance 
system, but allows comparison of data over a very long 
time period.

In conclusion, before immunisation was available, per-
tussis incidence had not been influenced by historical 
or demographic changes in Italy, whereas mortality 
due to pertussis had already dramatically decreased. 
An evident decrease in pertussis incidence in Italy 
occurred after the introduction of immunisation and in 
particular after the achievement of a high vaccine cov-
erage with the acellular vaccine. However, a decreased 
awareness of the disease, with underrecognition and 
under-notification, may play a role that has to be taken 
into account for the development, implementation and 
evaluation of immunisation programmes. Management 
of immunisation programmes strongly relies on sur-
veillance data. Quality and sensitivity of surveillance 
should constantly be monitored and reviewed to adjust 
reported incidence rates. Since based on experiences 
elsewhere, a pertussis resurgence may occur in Italy, 
physicians should be educated to take into account a 
diagnosis of pertussis in individuals with atypical pres-
entation and in older age groups. Moreover, the use of 
available laboratory confirmation methods, especially 
PCR, should be strongly supported in order to improve 
surveillance. The extent of underrecognition and 
under-notification should be thoroughly investigated 
to identify the real burden of pertussis in Italy. 
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Since September 2012, over 90 cases of respiratory 
disease caused by a novel coronavirus, now named 
Middle East respiratory syndrome coronavirus (MERS-
CoV), have been reported in the Middle East and 
Europe. To ascertain the capabilities and testing expe-
rience of national reference laboratories across the 
World Health Organization (WHO) European Region 
to detect this virus, the European Centre for Disease 
Prevention and Control (ECDC) and the WHO Regional 
Office for Europe conducted a joint survey in November 
2012 and a follow-up survey in June 2013. In 2013, 29 
of 52 responding WHO European Region countries and 
24 of 31 countries of the European Union/European 
Economic Area (EU/EEA) had laboratory capabilities to 
detect and confirm MERS-CoV cases, compared with 22 
of 46 and 18 of 30 countries, respectively, in 2012. By 
June 2013, more than 2,300 patients had been tested 
in 23 countries in the WHO European Region with nine 
laboratory-confirmed MERS-CoV cases. These data 
indicate that the Region has developed significant 
capability to detect this emerging virus in accordance 
with WHO and ECDC guidance. However, not all coun-
tries had developed capabilities, and the needs to do 
so should be addressed. This includes enhancing col-
laborations between countries to ensure diagnostic 
capabilities for surveillance of MERS-CoV infections 
across the European Region. 

Background
In September 2012, a novel coronavirus was first 
characterised at the Erasmus Medical Center (EMC), 
Rotterdam, the Netherlands, by genome sequencing 
of a viral isolate from a patient in Saudi Arabia with 
severe pneumonia [1] and was later designated as 
Middle East respiratory syndrome coronavirus (MERS-
CoV) [2]. Coronaviruses are enveloped viruses with a 
positive-sense, single-stranded RNA genome. They 
can cause respiratory and enteric infections in humans 
and animals [3,4]. Coronaviruses known to infect 
humans include the human hCoV-229E and hCoV-NL63 

alphacoronaviruses, as well as hCoV-OC43, hCoV-HKU1 
[5], severe acute respiratory syndrome (SARS)-CoV [6] 
and now MERS-CoV betacoronaviruses [1]. As of 22 July 
2013, there have been 90 laboratory-confirmed cases 
of human infection with MERS-CoV in the Middle East, 
North Africa and Europe, including 45 deaths. Of these, 
nine confirmed cases and five deaths directly or indi-
rectly linked to the Middle East had  been reported 
by four countries in the European Region (France, 
Germany, Italy and the United Kingdom (UK)) [7,8].

As per the current testing guidance of the World Health 
Organization (WHO), screening and confirmation of 
the MERS-CoV infection is based on detection of viral 
RNA by reverse transcription-polymerase chain reac-
tion (RT-PCR) and sequencing [9]. The testing algorithm 
includes a two-step approach: (i) screening, targeting 
the region upstream of the E gene (upE RT-PCR [10],) 
and (ii) confirmation, targeting the open reading frame 
1a (ORF1a RT-PCR [11]). Alternatively, screening and 
confirmatory testing could be done by targeting other 
specific regions in the MERS-CoV genome, such as 
RdRp and/or N genes, and sequence determination of 
the amplified product [11,12]. Surveillance recommen-
dations for human MERS-CoV infections are available 
from WHO [13] and the European Centre for Disease 
Prevention and Control (ECDC) [14]; an overview of 
these and other recommendations for the investiga-
tion of MERS-CoV cases is available in Pebody et al. 
[15]. Any probable or confirmed case should be rapidly 
reported to national authorities to enable appropri-
ate public health measures. National authorities must 
notify WHO under the International Heath Regulations 
(IHR) of any probable and/or confirmed case, and EU/
EEA countries may simultaneously report via the EU/
EEA Early Warning and Response System (EWRS).

Since laboratories are often in the front-line in the 
detection of emerging pathogens, ECDC jointly with 
WHO Regional Office for Europe conducted a rapid 
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survey in November 2012 to ascertain the capabili-
ties of laboratories across the WHO European Region 
to detect MERS-CoV [16]. Results showed that 22 of 46 
countries in the WHO European Region, including 18 
of 30 EU/EEA countries, had laboratory capability to 
detect and confirm cases of MERS-CoV. The results also 
indicated the rapid development of diagnostic capabili-
ties in the responding countries. Since the time of the 
survey, the epidemiological situation of MERS-CoV has 
evolved [7,8], including a 10-fold increase of confirmed 
cases as well as new travel-related cases and trans-
mission to secondary cases in Europe and elsewhere. 
Moreover, new diagnostic assays, including molecular 
and serological assays have been developed [11,17,18].

To determine the current level of MERS-CoV diagnostic 
capabilities in the Region and assess the recent testing 
practices in relation to national and international sur-
veillance guidance, ECDC and WHO Regional Office for 
Europe initiated a follow-up survey in June 2013. The 
results of this survey are presented here.

Survey of MERS-CoV detection and 
confirmation capabilities
The survey covered the following four areas: (i) avail-
ability of laboratory tests for detection and characteri-
sation of MERS-CoV from human specimens; (ii) criteria 
used for laboratory testing and case ascertainment in 
relation to national, EU and international guidance; (iii) 
testing experience and outcome to date per country; 
and (iv) needs for laboratory support from ECDC and/
or WHO.

The survey was administered to all countries in the 
WHO European Region including 53 Member States 
and two States Parties to the IHR (Liechtenstein and 
the Holy See), including the 31 EU/EEA countries. The 
ECDC sent the survey request by email to the National 
Microbiology Focal Points of the EU/EEA countries 
and to contact points for laboratories in the European 
Network for Diagnostics of ‘Imported’ Viral Diseases 
(ENIVD). The WHO Regional Office sent the survey by 
email to EuroFlu National Focal Points from National 
Influenza Centres (NICs) in non-EU/EEA countries and 
institutions responsible for MERS-CoV testing identi-
fied during the first survey.

Figure 1
Progressive implementation of laboratory tests for detection and confirmation of Middle East respiratory syndrome 
coronavirus in the World Health Organization European Region, by country, November 2012–June 2013 (n=52)
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No screening or confirmation test
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EU/EEA: European Union/European Economic Area; RdRP: RNA-dependent RNA polymerase; RT-PCR: reverse transcription-poymerase chain 
reaction; WHO: World Health Organization.

a 	 Data for November 2012 when these tests were not yet developed.
b 	 Other combinations of screening/confirmation tests include in-house-developed assays as well as the use of commercially available RT-PCR 

kits for human coronaviruses.
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Data were collected until 28 June 2013 and were vali-
dated by the survey respondents on 5 August 2013.

Survey results
The survey captured data from 52 of 55 countries in 
the WHO European Region including all 31 EU/EEA 
countries, giving response rates of 94% and 100%, 
respectively. The survey captured capabilities of 72 
laboratories in the Region, of which 36 laboratories 
from 34 countries were WHO-recognised NICs and 30 
laboratories from 21 countries were partners of ENIVD.

Availability of assays for MERS-CoV laboratory 
testing
Data showed that 33 of 52 countries in the WHO 
European Region and 27 of 31 EU/EEA countries had 
implemented upE RT-PCR screening tests with a posi-
tive control. This assay was available in 51 laboratories 
in the WHO European Region and 41 laboratories in the 
EU/EEA countries. The most frequently implemented 
confirmation test was RT-PCR for ORF1b, which was 
available in 24 of 52 countries in the WHO European 
Region and 20 of 31 EU/EEA countries. Confirmation 
using RT-PCR targeting ORF1a was available in 17 of 
52 and 13 of 31 countries, respectively. Application 
of RdRp and/or N gene RT-PCR followed by sequence 

determination was confirmed by six of 52 and five of 
31 countries, respectively. Five of the responding coun-
tries in the WHO European Region indicated that they 
had serological assays for MERS-CoV testing available. 
These tests included IgG and IgM immunofluorescence 
assay, Western blot against recombinant N protein, 
serum neutralisation tests [11,17], or protein microar-
ray using in-vitro expressed coronavirus spike proteins 
as antigens [18]. Figure 1 shows the progressive imple-
mentation of screening/confirmation tests between 
November 2012 and June 2013 for MERS-CoV in the 
responding countries.

Based on the information on available tests and using 
the WHO interim case definition [12], we analysed the 
different degrees of MERS-CoV diagnostic capabilities 
in the region (Figure 2). We found that 29 of 52 coun-
tries in the Region and 24 of 31 EU/EEA countries had 
the capability to screen and confirm human MERS-CoV 
cases, compared with 22 of 46 and 18 of 30 respec-
tively, reported in the November 2012 assessment [16]. 
Only screening using upE RT-PCR was available in five 
and four of the responding countries in the Region 
and EU/EEA, respectively. Seventeen countries had no 
national-level capability for MERS-CoV detection and 
confirmation; most were located in the south-eastern 

Figure 2
Laboratory capabilities for detection and confirmation of Middle East respiratory syndrome coronavirus in the World 
Health Organization European Region, by country, June 2013 (n=52)
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and eastern European part of the Region. All three EU/
EEA countries without MERS-CoV screening/confirma-
tion capability reported that referral arrangements 
were in place for shipment of specimens to other labo-
ratories in the EU.

Recommendations used for testing and testing 
experience by indication and type of specimens
The recommendations for MERS-CoV testing that were 
reported as being applied at national level were the 
WHO interim surveillance recommendations [13], fol-
lowed by 36 of 52 countries in the Region and 23 of 31 
EU/EEA countries, and the ECDC surveillance recom-
mendations [14], used in 22 of 52 and 18 of 31 coun-
tries, respectively. Other testing guidance documents 
used were issued by national authorities (16 of 52 and 
10 of 31 countries, respectively) and two countries 
followed the recommendations of the United States 
Centers for Disease Control and Prevention.

Following the respective recommendations, between 
the period of September 2012 and June 2013, 23 of 52 
countries in the Region and 19 of 31 EU/EEA countries 
reported testing of human samples for MERS-CoV. The 
number of patients tested varied by country as indi-
cated in Figure 3 and Table 1. Note that the relatively 

high numbers of patients tested in Belgium and Italy 
were due to screening for MERS-CoV being included in 
routine testing as part of surveillance for severe acute 
respiratory infections (SARI). The majority of countries 
with testing experience tested between one and 10 
patients during the studied period (13 of 23 countries 
in the Region and 11 of 19 EU/EEA).
 
Nearly 80% of all samples tested were specimens 
from the upper respiratory tract (Table 1). Specimens 
from the lower respiratory tract were used in 17% of 
all samples tested. Other types of specimens reported 
included urine and serum samples.

Excluding 1,812 patients from Belgium and Italy tested 
for MERS-CoV as part of the routine surveillance 
scheme for SARI, testing of 522 patients in the 23 coun-
tries followed the indications recommended for surveil-
lance. In 367 cases, one of the main reasons reported 
for triggering testing was the symptoms exhibited by 
the patient. Recent travel to the Middle East in patients 
with pneumonia or acute respiratory distress syn-
drome (ARDS) was reported as a reason for testing in 
319 cases, and developing of respiratory symptoms fol-
lowing close contact with a confirmed or probable case 
of MERS-CoV infection in 114 cases. Other reasons for 

Figure 3
Number of patients tested for Middle East respiratory syndrome coronavirus in the World Health Organization European 
Region, by country, September 2012–June 2013 (n=52)
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Table 1
Testing experience for Middle East respiratory syndrome coronavirus in the World Health Organization European Region, 
per country, June 2013 (n=52)

Country
Total number of 
patients tested

(positive

Patients tested per criteriona Specimen typeb

Contact Travel Symptoms Other Upper 
respiratory

Lower 
respiratory Other

Belgium 861 (0) 0 1 861 0 861 0 0

Croatia 1 (0) 0 1 1 0 1 0 0

Czech Republic 2 (0) 0 2 1 1 2 1 0

Denmark 10 (0) 0 10 0 0 10 0 0

Finland 2 (0) 0 2 2 0 1 1 0

France 52 (2) 7 45 52 0 99 40 0

Germany 108 (2) 85 5 5 0 7 6 85

Greece 3 (0) 1 2 3 0 3 2 0

Iceland 1 (0) 0 1 1 0 1 0 0

Ireland 2 (0) 1 1 2 0 2 2 0

Israel 29 (0) 0 13 16 0 29 6 0

Italy 1,001 (3) 14 10 996 25 732 269 0

Lithuania 1 (0) 0 1 0 0 1 0 0

Luxembourg 6 (0) 0 0 6 0 6 0 0

The Netherlands 12 (0) 4 12 9 0 12 1 1

Norway 2 (0) 0 2 1 0 3 0 0

Portugal 25 (0) 0 0 25 0 25 0 0

Romania 1 (0) 0 1 1 0 1 0 0

Russian Federation 11 (0) 0 10 11 1 9 6 4

Sweden 16 (0) 0 14 0 2 13 7 16

Switzerland 6 (0) 1 6 6 0 6 1 0

Turkey 140 (0) 0 140 140 0 97 51 0

United Kingdom 42 (4) 1 40 40 0 42 28 0

Total 2,334 (11) 114 319 2,179 29 1,963 421 106

a 	 Criterion ‘Contact’ refers to close physical contact with a confirmed or probable MERS-CoV case; ‘Travel’ refers to travel to the Arabian 
peninsula or neighbouring countries within 10 to 14 days before onset of illness; ‘Symptoms’ refers to febrile acute respiratory illness 
with clinical, radiological, or histopathological evidence of pulmonary parenchymal disease (e.g. pneumonia or acute respiratory distress 
syndrome).

b 	 Multiple specimens were collected for some patients.

Table 2
Needs for laboratory support for Middle East respiratory syndrome coronavirus detection and confirmation in the World 
Health Organization European Region, by country, June 2013 (n=52)

Area of support EU/EEA (n = 31) WHO European Region 
(n=52)

No support needed 11 13

Provision of primers and probes 8 23

Provision of positive control material for RT-PCR 15 32

Assistance with shipment abroad for MERS-CoV testing 7 16

Other type of support 8 12

EU/EEA: European Union/European Economic Area; MERS-CoV: Middle East respiratory syndrome coronavirus; WHO: World Health 
Organization.
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testing included patients in intensive care with severe 
acute respiratory infections for which no other causa-
tive infectious agents were detected. More than 300 
patients tested for MERS Co-V had fulfilled at least two 
of the criteria for testing. Countries that performed the 
largest part of testing were Turkey, Germany, France 
and the UK.

Need for laboratory support from ECDC and/
or WHO
When asked about laboratory support needed, 75% of 
the reporting countries in the Region and 65% of those 
in the EU/EEA identified needs for laboratory diagnos-
tic support from ECDC and/or WHO (Table 2). The most 
frequently stated need was continued provision of 
positive control material for RT-PCR (63% countries in 
the Region and 48% of EU/EEA countries). Other needs 
included training of laboratory personnel, provision 
of RT-PCR reagents and consumables, assistance with 
viral culture and serological assays.

Discussion
The findings of this study show that 10 months after 
sequence information for the first reported MERS-CoV 
case was made available [1], 29 of 52 countries in the 
WHO European Region and 24 of 31 EU/EEA countries 
have developed laboratory capabilities to detect and 
confirm MERS-CoV cases. Compared with the assess-
ment of these capabilities in November 2012 [16], an 
additional seven countries in the Region and six in 
the EU/EEA had implemented MERS-CoV detection 
and confirmation capability by June 2013. While case 
confirmation was done mainly by ORF1b RT-PCR and 
whole genome sequencing in November 2012 [16], 
several additional specific assays are now in use in 
Europe’s expert microbiology laboratories (RT-PCR for 
ORF1a, RdRp and the N gene, followed by sequencing). 
Moreover, 23 laboratories in 14 countries in the Region 
are now capable of isolating and identifying MERS-
CoV by culture, compared with 16 laboratories in eight 
countries in November 2012. Interestingly, the number 
of countries using other combinations of screening/
confirmation tests as well as whole genome sequenc-
ing has decreased as international testing recommen-
dations has become available and commonly accepted 
methods for screening and confirmation have been 
implemented.

The rapid increase in diagnostic capabilities described 
here is due to dedicated efforts at national level, to 
support from WHO via its network of NICs and from 
ECDC via dedicated laboratory networks (e.g. ENIVD) 
and to other EU initiatives. The European Virology 
Archive (EVA) for example, allowed laboratories to 
receive positive control material for the upE and ORF1a 
RT-PCR assays to set up the necessary MERS-CoV diag-
nostic assays.

However, a large proportion of laboratories still need 
support for the provision of positive control mate-
rial as well as primers and probes for RT-PCR, and 

assistance with shipment abroad for MERS-CoV test-
ing. These remaining needs are of concern, especially 
for countries neighbouring MERS-CoV endemic areas. 
Therefore, WHO is currently analysing the factors ham-
pering the uptake of MERS-CoV diagnostic assays in 
this part of the Region. The aim of this analysis is to set 
up a mechanism which ensures Region-wide deploy-
ment of laboratory diagnostic assays for MERS-CoV.

ECDC is currently supporting an external quality 
assessment scheme for MERS-CoV via ENIVD, address-
ing laboratory performance and pending gaps in capa-
bilities for detection and confirmation of MERS-CoV 
in the Region. Thus, building on existing WHO and EU 
laboratory networks, the two agencies will strive to 
maintain and further enhance diagnostic capabilities 
for MERS-CoV.

Our survey collected information on the types of clini-
cal specimens used for testing. However, we did not 
collect specific information on what proportion of 
specimens were used for MERS-CoV diagnosis vs fol-
low-up of diagnosed patients or monitoring of viral 
loads. The majority of specimens used for MERS-CoV 
testing were obtained from the upper respiratory tract 
which, according to preliminary reports, may contain 
lower viral loads than specimens from the lower respir-
atory tract [19,20]. Therefore, it is advisable to increase 
awareness among healthcare providers of the benefits 
of obtaining specimens from the lower respiratory tract 
when possible, particularly in case of disease pro-
gression, and to integrate this recommendation into 
national laboratory testing algorithms.

Importantly, the improved capabilities for MERS-CoV 
case confirmation were accompanied by increased 
testing in the European Region: since September 2012, 
over 2,300 patients have been tested in 23 countries. 
Apart from two countries that extended MERS-CoV 
detection tests to SARI patients irrespective of travel or 
contact history, the vast majority of countries focused 
on travellers with pneumonia or ARDS upon recent 
return from the Middle East and patients with close 
contact with a confirmed or probable case of MERS-
CoV infection, in compliance with international guid-
ance. However, the number of patients fulfilling these 
clinical and epidemiological criteria during the study 
period was not collected and we can therefore not esti-
mate the case-finding bias per country and across the 
Region as a whole. In September 2013, WHO published 
updated recommendations for laboratory testing of 
MERS-CoV [9]. These recommendations highlight the 
need for intensified efforts to validate serological tests 
for case finding and serological studies in risk groups 
and targeted populations. At the time of our study, 
existing serological tests had been validated against 
small numbers of convalescent sera, and there is no 
consensus on the interpretations of the results. WHO, 
ECDC and their networks will investigate possibilities 
to enhance the collaboration with countries in affected 
regions which would provide a platform for validating 
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serological assays. At the time of this study, only five 
countries indicated that they had the capability to per-
form assays for MERS-CoV-specific antibody detection.

After submission of this manuscript, three countries 
in the Region reported cases of MERS-CoV in returning 
travellers or residents of countries of the Middle East: 
Greece (one case, April 2014), the Netherlands (two 
cases, May 2014) and Austria (one case, September 
2014). In total 14 laboratory-confirmed cases have 
been reported since April 2012. More information is 
available in the updated ECDC rapid risk assessment 
from August 2014 and the epidemiological update from 
October 2014 [21,22]. 

In order to provide laboratories with the opportunity to 
assess their capabilities, a first external quality assur-
ance (EQA) panel for the detection of MERS-CoV by PCR 
was organised in spring 2014 by ENIVD with support 
of ECDC and WHO. Laboratories in 33 countries the 
Region participated in this scheme. A feasibility of a 
new global EQA scheme is currently being explored by 
WHO. A training for national public health institutes on 
laboratory preparedness and rapid establishment of 
detection assays for emerging respiratory pathogens 
will be conducted in November 2014. Based on the new 
evidence on MERS-CoV infection and new information 
on diagnostic assays, WHO issued updates of surveil-
lance, case definition and laboratory recommendations 
[ 23,24,25]. The major change compared with the pre-
vious version is that a patient may be considered as a 
confirmed case if a four-fold rise in neutralising anti-
body titre can be demonstrated, regardless of any PCR 
results.

Conclusion
The decision taken at the second meeting of the 
Emergency Committee convened by the WHO Director-
General on 17 July 2013 under the IHR was that the 
current outbreak of MERS-CoV is not a Public Health 
Emergency of International Concern (PHEIC) [26]. 
Importantly however, it was noted that while the PHEIC 
conditions had not been met, WHO, ECDC and Member 
States should continue to be vigilant in their surveil-
lance for MERS-CoV. Although only fourteen confirmed 
MERS-CoV cases have been identified in the Region 
since April 2012, the substantial amount of testing 
reported here serves as a reassurance of the exist-
ing laboratory support to MERS-CoV surveillance. As 
the present study shows, there is robust capability for 
detection and confirmation of human MERS-CoV cases 
in the EU/EEA. However, one third of the countries of 
the WHO European Region, mainly in the south-east 
and eastern part of the Region, are still lacking MERS-
CoV diagnostic capabilities. Therefore, efforts continue 
to address the remaining laboratory needs in order to 
ensure MERS-CoV detection and confirmation capabil-
ity needed for active surveillance of this emerging dis-
ease in Europe. 

Experts of the MERS-CoV Working Group
Members of this working group who provided survey data:
Albania: Alma Robo, Iris Hasibra (Hatibi), Institute of Public 
Health, Tirana
Andorra: Josep Casals Alis, Ministry of Health, Welfare and 
Labour, Andorra la Vella
Armenia: Shushan Sargsyan, Virology Laboratory, Centre for 
Diseases Control and Prevention, Yerevan
Austria: Stephan Aberle, Department of Virology, Medical 
University of Vienna, Vienna
Azerbaijan: Sadraddin Gurbanov, National Virology 
Laboratory, National Anti-Plague Station, Baku
Belarus: Natalia Gribkova, Laboratory for Influenza and 
Influenza-like Diseases, Republican Research and Practical 
Center for Epidemiology and Microbiology, Minsk
Belgium: Marc Van Ranst, Greet Ieven and Sophie Patteet, 
National Reference Centre of Respiratory Viruses, University 
Hospital Leuven and UZA Antwerpen, Antwerpen
Bosnia and Herzegovina: Stanka Tomic, Microbiology 
Department, Institute of Public Health of the Republic of 
Srpska, Banja Luka
Bulgaria: Neli Korsun, National Laboratory “Influenza and 
ARD”, Department of Virology, National Centre of Infectious 
and Parasitic Diseases, Sofia
Croatia: Vladimir Drazenovic, National Influenza Centre, 
Croatian National Institute of Public Health, Zagreb
Cyprus: Despo Pieridou-Bagkatzouni, Microbiology 
Department, Nicosia General Hospital, Nicosia
Czech Republic: Helena Jirincova, Martina Havlickova, 
National Reference Laboratory for Influenza, National 
Institute for Public Health, Prague
Denmark: Anders Fomsgaard, Virus Research and 
Development Laboratory, Department Microbiology 
Diagnostic and Virology, Statens Serum Institut, Copenhagen
Estonia: Külli Rae, Laboratory of Communicable Diseases, 
Health Board, Tallinn
Finland: Maija Lappalainen, Department of Virology and 
Immunology, Helsinki University Hospital, Laboratory 
Services (HUSLAB) and Niina Ikonen, Virology Unit, National 
Institute for Health and Welfare, Helsinki
France: Bruno Lina, Centre National de Référence des 
Virus Influenza – HCL, Lyon and Sylvie van der Werf, Unit 
of Molecular Genetics of RNA viruses, Institut Pasteur and 
Jean-Claude Manuguerra, Cellule d’Intervention Biologique 
d’Urgence (CIBU), Institut Pasteur, Paris
Georgia: Ann Machablishvili, National Influenza Centre, 
National Centre for Disease Control and Public Health, Tbilisi
Germany: Markus Eickmann, Institut für Virologie der 
Philipps-Universität in Marburg and Thorsten Wolff, Div 
of Influenza and other Respiratory viruses; Robert Koch-
Institut, and Dr. Gerhard Dobler, Bundeswehr Instittue of 
Microbiology, and Jonas Schmidt-Chanasit, WHOCC for 
Arbovirus and Haemorrhagic Fever Reference and Research 
at Bernhard Nocht Institute for Tropical Medicine, Hamburg, 
and Christian Drosten, Virology Institute, Bonn
Greece: Anna Papa, National Reference Laboratory for 
Arboviruses and Hemorrhagic Fever viruses, Aristotle 
University of Thessaloniki, Thessaloniki and Andreas F. 
Mentis, National Influenza Reference Laboratory of Southern 
Greece/Hellenic Pasteur Institute, Athens
Hungary: Zoltan Kis, Department for Respiratory Viruses / 
National Biosafety Laboratory, B. Johan National Center for 
Epidemiology, Budapest
Iceland: Arthur Löve, Department of Virology, Landspitali- 
National University Hospital, Reykjavik
Ireland: Suzie Coughlan, National Virus Reference 
Laboratory/University College Dublin, Dublin
Israel: Michal Mandelboim, Central Virology Laboratory, 
Sheba Medical Center, Tel Hashomer
Italy: Maria R. Capobianchi, Laboratory of Virology/National 
Institute for Infectious Diseases Lazzaro Spallanzani, and 
Maria Paola Landini, Regional Center for Emerging Infections 
(CRREM)/ Unit of Clinical Microbiology, St. Orsola General 
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Hospital, Bologna, and Fausto Baldanti, Molecular Virology 
Unit, Department of Microbiology and Virology, Fondazione 
IRCCS Policlinico San Matteo, Pavia, and Giorgio Palu, 
Microbiology and Virology/Padova University Hospital, and 
Valeria Ghisetti, Laboratory of Microbiology and Virology, 
Amedeo di Savoia Hospital, Torino, and Isabella Donatelli, 
National Influenza Centre, Instituto Superiore di Sanita,
Kazakhstan: Gaukhar Nusupbayeva, Zarina Tokhtabakiyeva, 
National Reference Laboratory on Control of Viral Infections, 
Scientifical-Practical Center of Sanitary and Epidemiological 
Expertise and Monitoring, Almaty
Kyrgyzstan: Kaliya Kasymbekova, Centre of Molecular-
Genetic and Microbiological Investigations, Department of 
State Sanitary Epidemiological Surveillance, Bishkek
Latvia: Jelena Storozenko, Riga East University Hospital, 
Latvian Centre of Infectious Diseases, National Microbiology 
Reference Laboratory, Riga
Liechtenstein: Sabine Erne, Office of Public Health, Country 
Administration of Principality of Liechtenstein
Lithuania: Algirdas Griskevicius, National Public Health 
Surveillance Laboratory, Vilnius
Luxembourg: Matthias Opp, Laboratoire National de Santé, 
Luxembourg
Malta: Christopher Barbara, Pathology Department, Mater 
Dei Hospital, Msida
Montenegro: Zoran Vratnica, Centre for Medical Microbiology, 
Public Health Institute of Montenegro, Podgorica
Netherlands: Chantal Reusken, Centre for Infectious Disease 
Research, Diagnostics and Screening, National Institute for 
Public Health and the Environment, Bilthoven
Norway: Susanne Gjeruldsen Dudman and Olav Hungnes, 
Department of Virology, Norwegian Institute of Public 
Health, Oslo
Poland: Katarzyna Pancer, National Institute of Public Health- 
National Institute of Hygiene, Department of Virology, 
Warsaw
Portugal: Raquel Guiomar, National Influenza Reference 
Laboratory, Infectious Diseases Department, National 
Institute of Health, Lisboa
Republic of Moldova: Veronica Eder, Laboratory of Viral 
Respiratory Infections, National Center for Public Health, 
Chisinau
Romania: Emilia Lupulescu, Laboratory for Respiratory 
Viruses/ NIRDMI Cantacuzino, Bucharest
Russian Federation: Svetlana Yatsyshina, Reference 
Centre for Infection Agents, Central Research Institute of 
Epidemiology (CRIE), Rospotrebnadzor, Moscow, and Maria 
Pisareva and Zhanna Buzitskaya, Laboratory of Molecular 
Virology and Genetic Engineering, Research Institute of 
Influenza, St Petersburg, and Alexander Sergeev, State 
Research Center of Virology and Biotechnology VECTOR, 
Novosibirsk
Serbia: Jasminka Nedeljković, Respiratory Department, 
Torlak Institute of Immunology and Virology, Belgrade
Slovakia: Edita Staroňová, National Influenza Center/Public 
Health Authority, Bratislava
Slovenia: Tatjana Avšič Županc, Miroslav Petrovec, Miša 
Korva, University of Ljubljana, Faculty of Medicine, Institute 
of Microbiology and Immunology, and Katarina Prosenc, 
Laboratory for Virology, National Public Health Institute 
Slovenia, Ljubljana
Spain: Inmaculada Casas, Influenza National Reference 
Laboratory, National Influenza Center-Madrid, Instituto de 
Salud Carlos III, Majadahonda, Madrid and Ramon Cisterna 
Clinical microbiology and infection control, Hospital Basurto 
Bilbao Spain
Sweden: Hans Gaines, Swedish Institute for Communicable 
Disease Control, Stockholm
Switzerland: Pascal Cherpillod, National Reference Centre for 
Emerging Viral Infections, Laboratory of Virology, Division of 
Infectious Diseases University of Geneva Hospitals, Geneva
Tajikistan: Niginamo Zakirova, Virology Laboratory, State 
Sanitary-Epidemiological Surveillance, Dushanbe

The former Yugoslav Republic of Macedonia: Golubinka 
Bosevska, Laboratory for Virology and Molecular Diagnostics, 
Institute of Public Health, Skopje
Turkey: Basak Altas, National Influenza Centre, Virology 
Reference and Research Laboratory, Public Health 
Institutions of Turkey, Ankara, and Meral Ciblak, National 
Influenza Reference Laboratory, Faculty of Medicine, 
University of Istanbul, Istanbul
Turkmenistan: Central Reference Laboratory, Sanitary 
Epidemiologic Service, Ashgabat
Ukraine: Alla Mironenko, National Influenza Centre, 
L.V.Gromashevsky Institute of Epidemiology & Infectious 
diseases NAMS, and Tetiana Dykhanovska and Iryna 
Demchyshyna, Centre of influenza and ARVI, Central Sanitary 
and Epidemiological Station, Kiev
United Kingdom: Alison Bermingham, Respiratory Virus Unit, 
Virus Reference Department, Public Health England, London
Uzbekistan: Ravshan Rakhimov, National Influenza Centre, 
Institute of Virology, Tashkent.
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Invasive pneumococcal disease (IPD) is a notifiable 
disease in the Region of Madrid. The 23-valent pneu-
mococcal polysaccharide vaccine (PPV23) is recom-
mended for children and adults aged two years or over 
with a high risk of disease, and for all adults aged 60 
and over. We describe the evolution of IPD incidence 
from 2008 to 2011 in people aged 60 years and over 
and PPV23 vaccine effectiveness (VE). VE is estimated 
using both the screening method and indirect cohort 
method. The incidence of IPD varied from 20.0 in 2008 
to 15.2 per 100,000 inhabitants in 2011 (RR: 0.8; 95% 
CI: 0.6–0.9). Adjusted VE estimated with the screening 
method was 68.2% (95% CI: 56.2–76.9). VE with the 
Broome method was 44.5% (95% CI: 23.8–59.6) for all 
PPV23 serotypes, and 64.4% (95% CI: 45.2–76.8) for 
PPV23 serotypes not included in conjugate vaccines. 
VE was lower in patients aged 80 years and older 
(25.5%; 95% CI:-23.2 to 55.0) and those with high-
risk medical conditions (31.7%; 95% CI: -2.2 to -54.4). 
Adjusted VE was 44.5% (95% CI: 19.4-61.8) within 5 
years of vaccination and 32.5% (95% CI: -5.6 to 56.9) 
after 5 years. These results are compatible with cur-
rent recommendations for PPV23. 

Introduction
Pneumococcal disease has high morbidity and mor-
tality rates worldwide, mainly in children and in the 
elderly. The fatality rates for pneumococcal bacterae-
mia can reach 15–20% in adults and 30–40% in the 
elderly [1]. The incidence of invasive pneumococcal dis-
ease (IPD) is highly variable according to geographical 
region, ranging from 8 to 34 cases per 100,000 inhabit-
ants [2].

The human nasopharynx is the natural ecosystem for 
Streptococcus pneumoniae. Young children are the 
main reservoir. The prevalence of carriers ranges from 
27% in developed countries to 85% in developing ones 

[1]. Many conditions and behaviours that alter the 
host’s immunological capacity pave the way for a pre-
disposition to the disease, including alcoholism, ciga-
rette smoking, chronic lung disease, congestive heart 
failure, diabetes mellitus, malignant neoplasm, renal 
disease, liver disease, immunosuppression and recent 
hospitalisation [3].

Since the early 1980s, a 23-valent pneumococcal poly-
saccharide vaccine (PPV23) has been available and 
recommended in many industrialised countries for 
high-risk groups, including adults aged 65 years and 
over [1,2]. However, the efficacy of this vaccine remains 
controversial. The results of meta-analyses and clinical 
studies agree that there is a protective effect against 
IPD and pneumonia in healthy adults. However, its effi-
cacy has not been proven in patients with risk factors 
for IPD [4,5]. Since 2005, the vaccine has been recom-
mended in the Region of Madrid and paid for with pub-
lic funds for adults and children over the age of two 
years who are at high risk of disease, and for all adults 
aged 60 years and over.

Since 2000, conjugate pneumococcal vaccines have 
been available for use in young children. Following 
their routine use, herd immunity, an indirect effect of 
protection against the disease, has been observed in 
unvaccinated individuals [6-8]. In November 2006, the 
7-valent pneumococcal conjugate vaccine (PCV7) was 
included in the childhood vaccination schedule of the 
Region of Madrid, using public funding. This vaccine 
was replaced by the 13-valent pneumococcal conju-
gate vaccine (PCV13) in June 2010. The mean vaccina-
tion coverage of the pneumococcal conjugate vaccines 
for children at two years of age from 2008 to 2011 was 
94.4%. In July 2012, public funding of this vaccine was 
stopped due to budgetary reasons, except for people 
at high risk of disease.
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IPD has been a notifiable disease in the Region 
of Madrid since February 2007. Data are collected 
through a population-based epidemiological surveil-
lance system.

This study describes the evolution of the incidence and 
the epidemiological characteristics of the IPD cases in 
people aged 60 years and over living in the Region of 
Madrid, and the effectiveness of PPV23 vaccine during 
from 2008 to 2011.

Methods

Study population
The analysis focuses on cases of IPD registered in the 
Surveillance System of the Region of Madrid (based on 
mandatory laboratory and clinical reporting), in adults 
aged 60 years and over, living in the Region and whose 
symptoms appeared between 2008 and 2011.

Individualised data were collected with a standard-
ised questionnaire that included sociodemographic 
features, clinical data (date of symptom onset, clinical 
presentation, evolution and high-risk medical condi-
tions), laboratory data and vaccination status. Based 
on the national recommendations [9], high-risk medi-
cal conditions were considered, including: immunode-
ficiency, cranial trauma, cranial surgery, cerebrospinal 
fluid leak, splenectomy, chronic liver disease, chronic 
heart disease, chronic kidney disease, chronic res-
piratory disease, cancer, HIV, diabetes mellitus and 
alcoholism. Only one clinical presentation and one 
high-risk medical condition were considered for each 
patient. The clinical data were obtained from attending 
physicians and clinical records. Vaccination status was 
collected by consulting the Region of Madrid’s vaccina-
tion register.

Laboratory methods
An IPD case was defined as an infection with haema-
togenous spread of the pathogen, causing different 
clinical syndromes, where S. pneumoniae was identi-
fied in samples from places normally sterile by isola-
tion, PCR or antigen detection. Serotype identification 
was centralised in the Madrid Regional Public Health 
Laboratory, and was performed by the latex agglutina-
tion test (Pneumotest-Latex, Statens Serum Institut, 
Copenhagen, Denmark) and the Quellung reaction.

Statistical methods
Individuals were considered to be vaccinated if date of 
vaccination with PPV23 was at least 15 days before the 
onset of symptoms. Differences between vaccinated 
and unvaccinated patients were estimated. Variables 
associated with the disease were analysed by vaccine 
serotypes. Chi-squared test or Fisher’s exact test were 
used to compare proportions.

Overall annual incidence rates were calculated per 
100,000 inhabitants, as well as specific incidence 
rates by sex, age group, clinical presentation, and 

vaccine serotype. Age was coded into three age groups: 
60–69, 70–79 and 80 years or older. The incidence was 
estimated for PCV7 serotypes (4, 6B, 9V, 14, 18C, 19F 
and 23F), PCV13 serotypes (1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 
18C, 19A, 19F and 23F) and PPV23 serotypes (1, 2, 3, 
4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 
19A, 19F, 20, 22F, 23F and 33F). The rates were com-
pared using relative risk (RR) and its confidence inter-
val (CI) at 95%. The continuous census of inhabitants 
of the Community of Madrid was used as the reference 
population [10].

Vaccine effectiveness (VE) was calculated using two 
methods: the screening method and the indirect cohort 
(Broome) method. VE is interpreted as the proportion 
of cases prevented in vaccinated people by the effect 
of vaccination. Based on VE, we estimated the number 
of cases prevented in the study period. The screening 
method [11] is based on the comparison of the propor-
tion of vaccinated cases with the proportion of the 
vaccinated population. The approach described by 
Farrington [12] was used. This allows adjustment of VE 
by possible confounders (sex, age group) using logistic 
regression models. The model requires the vaccination 
coverage of each of the subgroups of analysis. Data on 
vaccination coverage were obtained from the Region of 
Madrid’s vaccination register.

On the other hand, the Broome method [13] is based on 
comparison of the vaccination odds of IPD cases due 
to vaccine serotypes with the vaccination odds of IPD 
cases due to non-vaccine serotypes, the latter serv-
ing as the control group. The VE was calculated as (1 
- odds ratio) x 100. VE was estimated for the group of 
all serotypes included in PPV23, and then for the group 
of serotypes that are found in PPV23, but are not found 
in the conjugate vaccines (that is, conjugate vaccine 
serotypes were excluded from the analysis). Serotype-
specific VE was assessed for serotypes included in 
PPV23 that had been identified in at least 30 cases. In 
this analysis the other PPV23 serotypes were excluded. 
To estimate VE by time elapsed since vaccination, vac-
cination status was classified as unvaccinated, vacci-
nated within the previous 5 years, and vaccinated more 
than 5 years ago. Adjustment for potential confound-
ers (sex, age, high-risk medical condition and year 
of symptom onset) was made by logistic regression. 
Statistical significance was set at p<0.05. The analyses 
were performed using PASW Statistics, version 18.0.2 
(SPSS Inc., Chicago, IL).

Results
Between 2008 and 2011, 2,432 cases of IPD were reg-
istered in the Region of Madrid, of which 864 (35.5%) 
were in adults aged 60 years and over. The charac-
teristics of IPD cases in people aged 60 years and 
over are shown in table 1. A slight predominance of 
men was seen (480 cases, 55.6%). Pneumonia and/
or empyema was the main clinical presentation (537 
cases, 62.2%). A total of 368 cases (42.6%) had 
received PPV23 and 519 (60.1%) had high-risk medical 
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conditions associated with pneumococcal disease. 
46.8% of cases with high-risk medical conditions had 
been vaccinated. Immunodeficiency and/or cancer 
was the main high-risk medical condition (161 cases, 
18.6%), followed by chronic respiratory disease (151 
cases, 17.5%). Serotyping was available in 799 cases 

(92.5%). The main serotypes identified were the follow-
ing: 3 (119 cases, 14.9%), 19A (101 cases, 12.6%), 7F (59 
cases, 7.4%), 1 (42 cases, 5.3%) and 8 (40 cases, 5.0%). 
In 588 cases (73.6%) a serotype included in PPV23 was 
identified, in 89 (11.1%) a serotype included in PCV7 
and in 431 (53.9%) a serotype included in PCV13.

Table 1
Characteristics of invasive pneumococcal disease cases in patients aged 60 years and over by vaccination status, Region of 
Madrid, Spain, 2008–2011, n=864

Total  cases (%) Vaccinated cases (%) Unvaccinated cases (%) p value

Sex

Men 480 (55.6) 220 (59.8) 260 (52.4) 0.031a

Women 384 (44.4) 148 (40.2) 236 (47.6) 0.031a 

Total 864 (100.0) 368 (100.0)  496 (100.0)

Age

60–69 years 266 (30.8) 82 (22.3) 184 (37.1) 0.000a 

70–79 years 285 (33.0) 135 (36.7) 150 (30.2) 0.046a

> 64 years 727 (84.1) 345 (93.8) 382 (77.0) 0.000a

> 79 years 313 (36.2) 151 (41.0) 162 (32.7) 0.011a

Total 864 (100.0) 368 (100.0)  496 (100.0)

Clinical presentations

Pneumonia/empyema 537 (62.2) 223 (60.6) 314 (63.3) 0.417

Bacteraemia 125 (14.5) 51 (13.9) 74 (14.9) 0.661

Sepsis 91 (10.5) 41 (11.1) 50 (10.1) 0.615

Meningitis 59 (6.8) 28 (7.6) 31 (6.3) 0.433

Other 34 (3.9) 19 (5.2) 15 (3.0) 0.111

Unknown 18 (2.1) 6 (1.6) 12 (2.4) 0.422

Total 864 (100.0) 368 (100.0)  496 (100.0)

Year

2008 241 (27.9) 69 (18.8) 172 (34.7) 0.000a

2009 228 (26.4) 88 (23.9) 140 (28.2) 0.155

2010 197 (22.8) 99 (26.9) 98 (19.8) 0.013a

2011 198 (22.9) 112 (30.4) 86 (17.3) 0.000a

Total 864 (100.0) 368 (100.0)  496 (100.0)

High-risk medical conditions

Immunodeficiency/cancer 161 (18.6) 73 (19.8) 88 (17.7) 0.434

Chronic respiratory disease 151 (17.5) 73 (19.8) 78 (15.7) 0.115

Chronic heart disease 102 (11.8) 50 (13.6) 52 (10.5) 0.162

Chronic liver disease 32 (3.7) 11 (3.0) 21 (4.2) 0.338

Chronic kidney disease 21 (2.4) 9 (2.4) 12 (2.4) 0.980

Splenectomy 2 (0.2) 1 (0.3) 1 (0.2) 0.832

Head injury/cranial surgery/CSF leak 5 (0.6) 3 (0.8) 2 (0.4) 0.430

Other (diabetes, alcoholism, etc.) 45 (5.2) 24 (6.5) 21 (4.2) 0.134

Total cases with high-risk medical conditions 519 (60.1) 244 (66.3) 275 (55.4) 0.001a

Total 864 (100.0) 368 (100.0)  496 (100.0)

Total cases serotyped 799 (92.5) 348 (94.6) 451 (90.9) 0.045a

Deaths (fatality rate) 138 (16.0) 55 (14.9) 83 (16.7) 0.478

TOTAL 864 (100.0) 368 (100.0)  496 (100.0)

CSF: cerebrospinal fluid
a p<0.05
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The characteristics of cases by vaccination status are 
shown in Table 1. Vaccinated patients were older, had 
a higher proportion of men, presented more high-risk 
medical conditions and had a higher proportion of 
cases serotyped.

The proportion of PPV23 serotypes was 67.2% in vacci-
nated cases and 78.5% in unvaccinated cases(p<0.01). 
The proportion of serotypes included in PPV23 but not 
in conjugate vaccines was 14.7% in vaccinated and 
25.5% in unvaccinated (p<0.01). The proportion of PCV7 
and PCV13 serotypes was similar in vaccinated and 
unvaccinated patients. The serotypes with the highest 
difference in the proportion of vaccinated to unvacci-
nated cases were 6C, 16F, 19A, 14 and 24F (Figure).

When we compared the disease caused by PPV23 sero-
types with the disease caused by the other serotypes, 
the only variables that showed significant differences 
were vaccination status and year of symptom onset. 
Age, sex and presence of high-risk medical conditions 
showed no significant differences.

In the study period, a significant increase in the pro-
portion of vaccinated cases (28.6% in 2008 and 56.6% 
in 2011) was seen, as well as in the proportion of cases 
with high-risk medical conditions (47.7% in 2008 and 
71.2% in 2011). The percentage of patients with high-
risk medical conditions who were vaccinated ranged 
from 26.1% in 2008 to 60.3% in 2011. The percentage 
of IPD cases caused by PPV23 serotypes has dropped 
(76.9% in 2008 and 64.0% in 2011), mainly due to the 
percentage of cases caused by PCV7 serotypes (16.8% 
in 2008 and 6.3% in 2011).

The average annual incidence of IPD in patients aged 
60 years and over from 2008 to 2011 period was 17.2 
cases per 100,000 inhabitants, and incidence rose to 
19.4 in patients aged 65 years and over. During this 
period, incidence was observed to fall by 24% (Table 2). 
Clinical presentations showing a significant decrease 
in the incidence were bacteraemia (42% reduction) and 
pneumonia/empyema (31% reduction). The decrease 
was more pronounced in cases caused by vaccine sero-
types, being 68% for cases by PCV7 serotypes, 34% 
for cases by PCV13 serotypes, and 30% for cases by 
PPV23 serotypes (Table 2).

The overall PPV23 uptake for people aged 60 years and 
over in the study period was 52.5% (45.8% in 2008, 
50.4% in 2009, 54.6% in 2010 and 59.0% in 2011). VE 
estimated by the screening method is shown in Table 
3. The adjusted VE by sex and age group was 68.2% 
(95% CI: 56.2–76.9) for all IPD cases and 72.8% (95% 
CI: 59.1–81.8) when only the cases caused by PPV23 
serotypes were considered.

The estimated effectiveness of PPV23 by the indirect 
cohort method was 44.5% (95% CI: 23.8–59.6) (Table 
4). VE was lower in patients aged 80 years and over 
(25.5%; 95% CI: -23.2 to 55.0) and in patients with 
high-risk medical conditions (31.7%; 95% CI: -2.2 to 
54.4), but these differences were not significant.

In relation to VE by time since vaccination, the adjusted 
PPV23 effectiveness by age, sex, year of symptom 
onset and presence of high-risk medical conditions 
was 44.5% (95% CI: 19.4–61.8) when 5 years or fewer 

Figure 
Distribution of the main serotypes for invasive pneumococcal disease in patients aged 60 years and over, shown by 
vaccination status, Region of Madrid, Spain, 2008–2011, n=799
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had elapsed and 32.5% (95% CI: -5.6 to 56.9) when 
more than 5 years had elapsed (Table 4).

The VE increased when considering only the serotypes 
that are included in PPV23 but not found in the conju-
gate vaccines. This increase was slight when consider-
ing the serotypes included in PPV23 but not in PCV7 
(VE 46.8%; 95% CI: 26.3–61.6), and greater when con-
sidering the serotypes included in PPV23 but not in 
PCV13 (VE 64.4%; 95% CI: 45.2–76.8). Regarding the 
specific serotypes included in PPV23 that had been 
identified in at least 30 cases, serotypes 8, 11A, 22F 
and 7F showed the highest VE. Serotypes 14, 19A, 3 
and 1 showed no significant VE (Table 4).

Based on VE calculated by the Broome method, we 
estimated around 200 prevented cases of PPV23 sero-
types and 100 of PPV23, non-PCV13 serotypes in this 
period, accounting for 7.5 and 3.7 prevented cases per 
100,000 vaccinated inhabitants respectively.

Serotype 6C showed a statistically significant associa-
tion with vaccination status (odds ratio (OR) 2.6; 95% 
CI: 1.4–5.0) and year of symptom onset (OR 1.5; 95% 
CI: 1.1–2.0).

Discussion
The incidence of IPD observed in our study was lower 
than that estimated in other countries [14-16], although 
it was above the European average [17]. The variabil-
ity observed could be partially due to differences in 
the surveillance systems [18]. This incidence was also 
lower than that observed in other Spanish regions 

Table 2
Annual incidence of invasive pneumococcal disease in patients aged 60 years and over, Region of Madrid, Spain, 2008–2011, 
and comparison between incidence in 2011 and 2008

2008 2009 2010 2011 RR 2011/2008 (95% CI)

Total cases 19.99 15.45 15.21 15.21 0.76 (0.63-0.92)a  

Age

60-69 14.27 12.73 8.76 10.89 0.76 (0.55-1.06)

70-79 20.92 18.63 17.80 10.95 0.52 (0.37-0.75)a

> 79 30.94 30.15 26.54 30.62 0.99 (0.73-1.35)

> 64 22.34 20.73 18.04 16.94 0.76 (0.62-0.93)a

Sex

Men 24.83 23.51 23.07 19.48 0.78 (0.61-1.06)

Women 16.47 14.59 9.90 12.10 0.73 (0.56-0.97)a

Clinical presentations

Pneumonia/empyema 12.19 11.67 10.67 8.38 0.69 (0.54-0.88)a

Bacteraemia 3.73 2.33 1.80 2.15 0.58 (0.36-0.92)a

Sepsis 1.49 1.93 1.65 2.15 1.44 (0.80-2.61)

Meningitis 1.16 1.45 0.71 1.38 1.19 (0.59-2.40)

Other 0.75 0.48 0.55 0.92 1.24 (0.52-2.93)

Vaccine serotypes

Serotypes PCV7 2.90 2.25 1.10 0.92 0.32 (0.16-0.61)a

Serotypes PCV13 9.54 10.38 8.24 6.30 0.66 (0.50-0.88)a

Serotypes PCV13-non PCV7 6.64 8.13 7.14 5.38 0.81 (0.59-1.12)

Serotypes PPV23 13.27 13.76 10.67 9.30 0.70 (0.55-0.89)a

Serotypes PPV23-non PCV7 10.37 11.51 9.57 8.38 0.81 (0.62-1.04)

Serotypes PPV23-non PCV13 3.90 3.62 2.59 3.15 0.81 (0.53-1.23)

RR: relative risk; CI: confidence interval; PCV7: 7-valent pneumococcal conjugate vaccine ; PCV13: 13-valent pneumococcal conjugate vaccine;  
PPV23:23-valent pneumococcal polysaccharide vaccine

ap<0.05

Table 3
Vaccine effectiveness of 23-valent pneumococcal 
polysaccharide vaccine in patients aged 60 years and over, 
estimated by screening method, Region of Madrid, Spain, 
2008–2011

VE (%) 95% CI

Overall

Crude VE 32.7 14.1–54.6

VE adjusted by age and sex 68.2 56.2–76.9

PPV23 serotypes

Crude VE 40.5 28.3–59.4

VE adjusted by age and sex 72.8 59.1–81.8

PPV23: 23-valent pneumococcal polysaccharide vaccine; VE: 
vaccine effectiveness; CI: confidence intervals
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where pneumococcal vaccination is not included in the 
childhood immunisation schedule [19-22].

Some factors such as PCV uptake, blood culture prac-
tice, fluctuations of serotype prevalence over time and 
antimicrobial use may play a role in the epidemiologi-
cal changes observed in IPD among adults. No impor-
tant changes in these factors could be detected in 
the four years included in the study. The main change 
observed was the introduction of PCV13 in children in 
June 2010, which may explain the decrease of PCV13, 
non-PCV7 serotypes after 2010.

PPV23 vaccination shows an effect on incidence of the 
disease, since there is a reduction in the incidence 
of cases due to the serotypes included in PPV23, in 
accordance with the increase in PPV23 uptake. The 
highest reduction in incidence was for serotypes 
included in PCV7. This agrees with a herd immunity 
effect due to this vaccine [6–8] and suggests a higher 
impact due to the indirect effect of vaccination in chil-
dren rather than by the direct effect of vaccination in 
people aged 60 years and older.

The VE obtained by the Broome method (44.5%) was 
similar to that estimated in England and Wales (48%) 
[23]. Adjusted VE by screening method (68.2%) was 
also comparable to VE seen in Australia (71%) [24], 

Scotland (61.7%) [25] and Catalonia (70%) [26]. VE in 
preventing vaccine-type IPD obtained by the screening 
method was greater than overall VE, with an adjusted 
VE of 72.8%. This agrees with the VE observed in other 
studies [26,27].

The differences observed in VE by age, high-risk 
medical condition, serotype and time since vaccina-
tion in our study are similar to those described previ-
ously [23,26,27], but were not significant because the 
point estimate had very wide confidence intervals. 
Observational studies of VE against IPD usually pre-
sent lower power to stratify for these variables.

Differences in the VE estimated have been found 
according to the method applied [24,25]. In our study 
the adjusted VE by the screening method was higher 
than the estimations using the Broome method. These 
results were similar to estimates in Scotland (61.7% 
vs 51%) [25] and this could be due to the fact that the 
Broome method also uses IPD cases as a control group.

The VE observed for the disease caused by the sero-
types included in PPV23 but not in the conjugate vac-
cines is higher than that observed for all serotypes 
of PPV23. This result could be due to the high preva-
lence in the population of serotypes common to PCV13 
and PPV23 vaccines, associated with the serotype 

Table 4
Vaccine effectiveness of 23-valent pneumococcal polysaccharide vaccine in patients aged 60 years and over, estimated by the 
indirect cohort method, Region of Madrid, Spain, 2008–2011

Cases Controls VE (%) 95% CI 

Serotypes PPV23  588 211 44.5   23.8–59.6

Patients aged 60-69 years 177 58 54.2    15.3–75.2

Patients aged 70-79 years 195 68 54.1   19.2–73.9

Patients aged over 79 years 213 85 25.5  -23.2–55.0

Patients without HRMC 239 80 59.9   32.7–76.1

Patients with HRMC 349 131 31.7    -2.2–54.4

<= 5 years after vaccinationa 136 67 44.5   19.4–61.8

>5 years after vaccinationa 97 48 32.5   -5.6–56.9

Serotypes PPV23-non PCV7 499 211 46.8   26.3–61.6

Serotypes PPV23-non PCV13 166 211 64.4   45.2–76.8

Serotype 1 42 211 31.0  -34.1–64.5

Serotype 3 119 211 30.6   -8.9–55.8

Serotype 7F 59 211 53.9   16.1–74.6

Serotype 8 40 211 64.2   25.9–82.7

Serotype11A 30 211 64.2   18.2–84.3

Serotype 14 37 211 11.9  -77.3–56.2

Serotype 19A 101 211 21.3 -26.5–51.1

Serotype 22F 39 211 58.3  14.4–79.7

PPV23: 23-valent pneumococcal polysaccharide vaccine; VE: vaccine effectiveness; CI: confidence intervals; HRMC: high-risk medical 
conditions; PCV7: 7-valent pneumococcal conjugate vaccine; PCV13: 13-valent pneumococcal conjugate vaccine.

a	 Adjusted by sex, age, HRMC and years of symptoms onset
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replacement described after the routine use of PCV7 
[8,28,29], and with the differential effectiveness by 
serotype, identified in other studies [23]. This would 
suggest that PPV23 vaccine has a reduced effective-
ness in populations using the conjugate vaccine in the 
childhood immunisation schedule.

The higher VE observed for serotypes 8, 11A, 22F and 7F 
could be related to differences in vaccine response of 
the specific serotypes. A higher VE for serotype 7F and 
lower for serotypes 1 and 3 have also been observed in 
the study performed in England and Wales [23].

Each method has both advantages and disadvan-
tages. The screening method is quick and simple, but 
it requires accurate data on vaccination coverage and 
vaccination status of cases [30]. In our study these data 
were taken from the Region of Madrid’s vaccine regis-
ter, which collects nominal data. The screening method 
allows the overall effectiveness to be estimated and is 
very useful for routine monitoring. However it does not 
allow certain risk factors to be taken into account due 
to the non-availability of vaccination coverage in spe-
cific groups of population [12].

The Broome method can be used on specific groups of 
patients, such as those who show risk factors. However, 
it does not allow the effectiveness for the global dis-
ease to be estimated, since the cases due to non-vac-
cine serotypes are used as the control group. Due to 
the high proportion of cases with identified serotypes 
(92.5%), there is no need to make any assumptions in 
cases with unknown serotype, avoiding any possible 
bias related to them. The high proportion of cases with 
identified serotype and the independence between 
data on serotype and vaccination status would exclude 
an important bias in the estimation of VE. This method 
has shown its usefulness when applied to surveillance 
data for this disease, showing results similar to those 
obtained using case–control studies [23,31,32].

The higher proportion of disease due to serotype 6C in 
vaccinated patients observed in our study could be due 
to the replacement of serotypes. There has been an 
increase in disease due to this serotype following the 
routine use of PCV7 both in carriers [33] and in cases 
with invasive disease [34].

One of the strengths of our study is that although it 
is observational and based on surveillance data, it is 
limited to four recent years, thus important changes in 
the notification, diagnosis and serotyping of cases can 
be ruled out.

Vaccine efficacy of PPV23 against IPD has been estab-
lished in clinical trials, but in high-risk patients it has 
not been possible to demonstrate protection [4,5]. 
Observational studies have shown significant vaccine 
effectiveness [23-26]. PPV23 is recommended in many 
countries for people with high-risk medical conditions 
and in some countries for universal vaccination of the 

elderly. In England and Wales, Andrews et al. observed 
evidence of individual protection against PPV23 sero-
types despite lack of impact on IPD incidence at the 
population level [23] and the UK’s Joint Committee on 
Vaccination and Immunisation recommended continu-
ation of PPV23 vaccination programmes for all healthy 
individuals aged 65 years and over [35]. Several stud-
ies of cost-effectiveness of pneumococcal vaccination 
in the elderly have been published [36–38] and some 
of them have concluded that universal programmes are 
more cost-effective than selective vaccination of high-
risk groups [36,38].

The use of PCV13 has recently been approved for peo-
ple aged 50 years and over. However, its effectiveness 
in preventing pneumonia and IPD has not yet been 
proven in clinical trials [39]. Thus, at present differ-
ent institutions consider that the evidence available is 
insufficient to recommend the routine use of PCV13 in 
adults [1,40,41]. This vaccine has been recently recom-
mended for use in adults with high-risk medical condi-
tions [40].

In conclusion, our study shows that PPV23 is effective 
in preventing IPD in patients aged 60 years and older, 
with a higher VE in patients without high-risk medi-
cal conditions. These results are compatible with the 
current recommendation of PPV23. Efforts to improve 
PPV23 uptake should continue. Epidemiological sur-
veillance should be continued in order to evaluate 
the impact on IPD incidence in adults and elderly of 
the indirect effects of vaccinating children with pneu-
mococcal conjugate vaccines and the role of PCV13 in 
adults with high-risk medical conditions. 
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