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Bacillus anthracis infection (anthrax) has three dis-
tinct clinical presentations depending on the route 
of exposure: cutaneous, gastrointestinal and inha-
lational anthrax. Each of these can lead to second-
ary bacteraemia and anthrax meningitis. Since 2009, 
anthrax has emerged among heroin users in Europe, 
presenting a novel clinical manifestation, ’injectional 
anthrax’, which has been attributed to contaminated 
heroin distributed throughout Europe; before 2009 
only one case was reported. During 2012 and 2013, 
new cases of injectional anthrax were diagnosed in 
Denmark, France, Germany, and the United Kingdom. 
Here we present a comprehensive review of the litera-
ture and information derived from different reporting 
systems until 31 December 2013. Overall 70 confirmed 
cases were reported, with 26 fatalities (37% case 
fatality rate).The latest two confirmed cases occurred 
in March 2013. Thirteen case reports have been pub-
lished, describing 18 confirmed cases. Sixteen of 
these presented as a severe soft tissue infection that 
differed clinically from cutaneous anthrax, lacked the 
characteristic epidemiological history of animal con-
tact and ten cases required complimentary surgical 
debridement. These unfamiliar characteristics have 
led to delays of three to 12 days in diagnosis, inad-
equate treatment and a high fatality rate. Clinicians’ 
awareness of this recently described clinical entity is 
key for early and successful management of patients. 

Introduction
Anthrax is a worldwide endemic zoonotic disease, 
particularly of herbivores, caused by the bacterium 
Bacillus anthracis, a Gram-positive rod. The infective 
form is usually the spore, a stable form that can sur-
vive in certain environments for decades [1]. Humans 
usually acquire anthrax infection by occupational 
exposure to contaminated animals or animal products 
such as hides, wool, hair and bones or by ingesting 
contaminated meat. The spores may infect the host 
through different routes and lead to a variety of clini-
cal presentations depending on their route of entrance: 
cutaneous (the most common form of infection), gas-
trointestinal and inhalational anthrax. Complications of 
these three infections are secondary bacteraemia and 

anthrax meningitis. Once the spores have penetrated 
the skin or mucosa, they germinate to the vegetative 
bacteria, which proliferate and produce the virulence 
factors, two exotoxins − lethal toxin and edema toxin 
−, causing the characteristic pathological findings: 
edema, haemorrhage and tissue necrosis with a rela-
tive lack of leukocytes in infected tissues [1,2].

Anthrax is a rare human infection in Europe and ani-
mal cases are sporadic and uncommon [3]. However, 
an outbreak of a fourth form of human anthrax infec-
tion,   injectional anthrax, has been emerging among 
drug users in Europe since 2009 and has been attrib-
uted to contaminated heroin. Prior to 2009 only one 
case of injectional anthrax had been diagnosed, in 
Norway in 2000 [4]. The distribution of cases demon-
strates a bimodal appearance of two clusters: over 100 
cases were diagnosed between December 2009 and 
December 2010, the vast majority of them in Scotland 
[5-8], with no further cases documented until June 2012 
when cases reemerged in England, Germany, Scotland 
and were diagnosed for the first time in Denmark, 
France and Wales [9,10].

Injectional anthrax infection is unnatural and more 
severe than cutaneous anthrax infection, distinctive 
in its clinical presentation, course and management. 
This has resulted in a delay in diagnosis, inadequate 
treatment and high fatality rate among reported cases 
[8-11].

This comprehensive literature review of all injectional 
anthrax cases reported so far, aims to present an inclu-
sive view of this novel clinical entity in order to improve 
clinicians’ awareness and knowledge base.

Search strategy and selection criteria
References for this review were identified through 
searches of PubMed for articles published until 31 
December 2013, by using the terms ’anthrax AND her-
oin’, ’Bacillus anthracis AND heroin’, ’Bacillus anthracis 
AND drug user’, ’anthrax AND drug user’ and ’injec-
tional anthrax’. Articles resulting from these searches 
and relevant references cited in those articles were 
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reviewed by TB starting with screening of abstracts fol-
lowed by full text review where relevant. The Program 
for Monitoring Emerging Diseases (ProMED-mail) 
reporting system was searched by the terms ’anthrax 
AND heroin’ until 31 December 2013 and by the term 
’anthrax’ from 1 December 2009 to 31 December 2013 
and all relevant reports reviewed. ProMED-mail is an 
Internet-based reporting system, open to all sources, 
including media reports, official reports, online summa-
ries, local observers, and other [10].  We also reviewed 
the Health Protection Scotland (HPS) ’National Anthrax 
Outbreak Control Team’ report (’HPS report’), published 
in December 2011, on the anthrax outbreak among 
drug users in Scotland between December 2009 and 
December 2010 [8]. The European Centre for Disease 
Prevention and Control (ECDC) website [11] and Public 
Health England (PHE) website [9] were reviewed until 
31 December, 2013. The ECDC website was searched for 
relevant information using the words ’anthrax AND her-
oin’ and by reviewing the material published under the 
website heading Health Topic ’anthrax’. In addition, the 
ECDC’s 2010–2013 annual epidemiological reports on 
communicable diseases in Europe were reviewed [11]. 
We searched the PHE website for the topic ‘anthrax’. 
The findings under the topic were reviewed with the 
emphasis on information regarding the 2012–2013 out-
break. Articles, reports and data yielded by our search 
were included only if they were published in English.

Results
Overall 39 papers were retrieved through PubMed 
searches. Of those, 14 were not related to injectional 
anthrax and were excluded. Twenty five relevant 
papers, including references cited in these papers, 
were reviewed. Of those, 22 papers were included in 
the review and three papers excluded due to a lack of 
additional information.

A total of 70 laboratory-confirmed cases of injectional 
anthrax were reported among heroin users in Europe 
[4,6,8-11;14-26]. Apart from one case reported in 
the year 2000, all cases were reported starting as of 
December 2009. Incidents appeared during two distinct 
time periods, forming a bimodal distribution (Figure).

The first and largest cluster of cases took place during 
2009–2010 and consisted of 126 cases (54 laboratory-
confirmed cases, 35 probable cases and 37 possible 
cases). A majority of cases were recorded in Scotland. 
The main part of published data on injectional anthrax 
describe patients from this outbreak [6,8-11,16-22,24 ].

The second cluster of cases started with the reemer-
gence of a total of 15 cases during June 2012 in six dif-
ferent European countries [9-11,14,15, 25,26]. The last 
case was reported in Scotland in March 2013 [10]. Only 
few case reports regarding five confirmed cases exist 
concerning this second cluster of cases. Hence, the 
information regarding the number of cases, their geo-
graphical distribution and demographic description (if 

present) mainly relies on a review of the ProMED-mail, 
ECDC and PHE websites.

Course of events and epidemiological data
Ringertz et al. were the first to coin the phrase ’injec-
tional anthrax’ in the year 2000. They described a 
confirmed case of anthrax in a 49 year-old, human 
immunodeficiency virus (HIV)-negative, heroin-inject-
ing drug user in Norway [4]. The patient’s exceptional 
presentation resembled the effect of subcutaneous 
inoculation of B. anthracis in chimpanzees and shared 
similarities with an old case report of possible trans-
mission of anthrax by injection [4].

The following cases of confirmed ’injectional anthrax’ 
were only reported in December 2009 among heroin 
users in Scotland and Germany [5-7], marking the start 
of the 2009–2010 injectional anthrax outbreak, that 
eventually included 126 cases (54 laboratory-con-
firmed cases, 35 probable cases and 37 possible cases) 
in Europe. The outbreak centered in Scotland with 119 
cases: 47 laboratory-confirmed cases (13 fatal), 35 
probable cases (1 fatal) and 37 possible cases. Case 
categories used by HPS are described in Table 2 [8].

Few cases were laboratory-confirmed in England (5 
cases, 4 fatal) and Germany (2 cases, 1 fatal). The case 
fatality rate among confirmed cases was 33% (Table 
1). The vast majority of confirmed cases appeared 
between December 2009 and March 2010. The last 
case occurred in England in November 2010 (Figure 1). 
The outbreak was declared over in December 2010 and 
the HPS published its concluding report in December 
2011 [8-11].

The average age of the 119 injectional anthrax cases 
in Scotland was 34 years (range 18-55 years), with 
more males than females in all case categories [8]. It 
appeared that all injection routes of heroin, as well as 
smoking or snorting had been implicated during the 

Table 1
Number of laboratory-confirmed anthrax cases in drug 
users and fatalities among them by country, Europe, 2009 
to 2013 (n=69) 

December 2009−
December 2010

January 2012-  
December 2013

Laboratory-
confirmed 

cases

Fatalities 
(case-

fatality rate)

Laboratory-
confirmed 

cases

Fatalities 
(case-fatality 

rate)
Scotland 47 13 2 1
England 5 4 5 4
Germany 2 1 4 1
Denmark - - 2 1
France - - 1 -
Wales - - 1 -
Total 54 18 (33%) 15 7 (47%)

Source: [8,10].
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outbreak, though the mode of abuse was not well doc-
umented in most reports. Of the 47 confirmed cases 
of anthrax in drug users in Scotland, only two denied 
injecting at all, lacked visible injection sites and 
reported using heroin only by smoking. One of those 
cases developed systemic anthrax. The clinical pres-
entation of the latter two was not described in detail 
in the HPS report [8]. The report however, describes 
a number of anthrax cases that were admitted with 
advanced systemic infection; some without any history 
of injecting heroin but with a history of taking heroin 
by other routes, principally smoking, leading to the 
conclusion that there is a potential risk for systemic 
disease caused by snorting or smoking heroin contami-
nated with B. anthracis [8].

A case-control study investigating risk factors among 
82 confirmed and probable cases in the Scottish out-
break of 2009–2010 found increased risk of injectional 
anthrax to be associated with longer injecting history 
(adjusted odds ratio (AOR), 2.43; 95% confidence inter-
val (CI), 1.31–4.52), receiving opioid substitution ther-
apy (AOR, 2.74; 95% CI, 1.40–5.37) and alcohol abuse 
(P = 0.09; AOR, 1.77; 95% CI, 0.91–3.47). Smoking 
heroin was associated with lower risk of infection –
individuals who only smoked heroin in the past month 
were less likely to be a case (AOR 0.42; 95% CI, 0.20–
0.86). The authors did not find an association between 
sharing injecting equipment and anthrax infection, 
aligned with the hypothesis that the heroin itself was 
the source of contamination and explaining the higher 
risk among patients with longer injecting history [12].

During 2011 there were no reports on new injectional 
anthrax cases. Moreover, a retrospective serological 
pilot study in two German regions conducted in 2011 
failed to discover additional anthrax cases among 288 
heroin users [27]. However, since June 2012 new cases 
have reemerged in Europe, including Denmark, France, 

Figure 
Timeline and geographical distribution of laboratory-confirmed injectional anthrax cases, Europe, December 2009−31 
December 2013 (n=69)
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Table 2
Injectional anthrax case categories [8] 
  

A drug user with a clinical syndrome compatible with anthraxa 
AND:

Confirmed 
case

One or more of:
•	 Growth of Bacillus anthracis from a clinical isolate 

confirmed by the reference laboratory
•	 Evidence of B. anthracis DNA by PCR on multiple 

target genes
•	 Demonstration of B. anthracis in a clinical 

specimen by immunohistochemistry 
•	 Serology with seroconversion on paired specimens
•	 Demonstration of specific anthrax toxin in blood

Probable 
case

Gram-positive bacilli identified or bacterial colony 
growth (phenotypically resembling B. anthracis) 
from either a tissue specimen / swab of lesion or 
fluid/collection or blood culture

Possible 
case

Symptomatic individuals with an epidemiological link 
to a known confirmed or probable case

a 	 Wide-ranging case presentation of anthrax occurred in heroin 
users. All possible presentations of anthrax need to be 
considered in anyone with a history of recent heroin use by any 
route: injection related soft tissue infections (chief presentation 
of injectional anthrax), severe sepsis and meningitis. Also 
potentially possible are inhalational and cutaneous anthrax from 
snorting or handling contaminated heroin [8]. 
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Germany, and the United Kingdom (UK): England, 
Scotland, and Wales [9-11]. So far, 15 confirmed cases 
were reported, among them seven fatal, contributing to 
a 47% case fatality rate (Table 1, Figure 1). Less than 
half of case reports included epidemiological data 
such as age and sex, of those who did, the age range 
varied from 27 to 55 years [10,14,15,25,26].

To date, no person-to-person transmission was docu-
mented in injectional anthrax cases. There seems to be 
no risk for health workers or for the general population 
[4,6,8,10,14-26].

Source of infection
Since anthrax is rare in Europe and all cases occurred 
in drug users, it was assumed that the 2009−2010 out-
break was caused by a contaminated batch of heroin, 
even though microbiological analysis of heroin sam-
ples from a variety of sources in Europe failed to detect 
contamination with anthrax spores [8, 25]. The possi-
bility of deliberate contamination was not eliminated 
but seemed unlikely due to the affected population 
[8]. Several recent studies [13-15,27,28] have con-
ducted molecular analysis of B. anthracis isolates from 
the first reported case in Norway in 2000, from cases 
during the 2009−2010 outbreak and from cases in 
Denmark and Germany from the 2012−2013 outbreak. 
All isolates were closely related and it was concluded 
that they belong to the same B. anthracis strain despite 
small observed variations [13-15, 27]. This single 
anthrax strain was closely related to strains originating 
in Turkey. The findings suggested that the outbreak in 
Europe possibly derived from a single common source 
which was contaminated before the heroin was distrib-
uted. Accidental contamination with anthrax spores 
might have occurred along the drug manufacturing and 
trafficking route from soil, through an animal derived 
cutting agent (used to dilute the illicit drug) or animal 
hides used to smuggle heroin into Europe [13]. This is 
compatible with the forensic investigation findings of 
the 2009−2010 outbreak in the UK which estimated 
that 80 to 90% of heroin reaching the UK is supplied 
via criminal networks in Turkey and is being processed 
before trafficking [8,10]. Thus all analysed cases may 
be traced back to a single source of contamination that 
might be still circulating in Europe [27].

Clinical presentation
Clinical data from 13 case reports describing 18 con-
firmed cases is summarised in Table 3 [4,6,14-23,25] 
and presents several common features.

Injection site
Sixteen of the 18 published cases presented with 
severe soft tissue infection originating in the injection 
site one to ten days post injection [4,6,14-20,22,25]. 
Among laboratory-confirmed cases in Scotland from 
the 2009−2010 outbreak, whose symptoms were 
recorded as present or absent, 39 of 42 cases presented 
with skin or soft tissue involvement [8]. The estimated 

median time from the presumed ‘culprit’ injection 
to hospitalisation was three days [8]. Signs of skin 
infection varied among patients. The most consistent 
presenting sign, appearing in all 16 cases diagnosed 
with soft tissue infection, was substantial swelling or 
edema, at times defined as disproportionate to the 
skin lesion or extent of pain described. Erythema and 
pain were not essential features at presentation. Some 
reports described blistering or necrosis of skin (Table 
3). Three cases were diagnosed initially with compart-
ment syndrome or necrotising fasciitis [6,17,20].

None of the published cases showed the typical signs 
of cutaneous anthrax – a black crusted painless lesion, 
known as eschar [4,6,14-23,25]. According to the HPS 
report, only one confirmed case presented with eschar 
formation [8].

When documented, imaging and soft tissue explora-
tion revealed edematous muscle and subcutaneous 
tissue (with or without necrosis) and serous discharge 
with no localised collection, pus or abscess forma-
tion [4,17-20,25]. Fever, leukocytosis and elevated 
C-reactive protein (CRP) were not consistent fea-
tures of patients presenting with soft tissue infection 
[4,8,15,16,20,24,25]. The minority of reports provided 
patients’ history of past blood-borne infections or 
immunological status including HIV status (Table 3 and 
HPS report  [8]), conditions which may also have con-
tributed to the diminished inflammatory response.

Gastrointestinal, respiratory and neurological 
symptoms
According to the HPS report, 22 of 40 laboratory-con-
firmed cases in Scotland described non-specific gas-
trointestinal symptoms such as nausea, vomiting and 
abdominal pain [8]. There are two reports on an unu-
sual presentation of acute abdominal pain and perito-
nitis due to groin heroin injection [21,25].

Presenting with respiratory symptoms such as dysp-
noea and pleuritic chest pain was extremely rare and 
was attributed to disseminated disease and sepsis in 
two cases, according to the HPS report [8]. Nausea 
and dyspnoea were also evident in one patient from 
Germany during the 2012−2013 outbreak [15].

Fourteen of 42 Scottish laboratory-confirmed cases 
reported neurological symptoms of variable degree 
[8]. A small number of injectional anthrax patients pre-
sented with signs of progressive systemic infection 
and meningitis. This was described in one case report 
of a patient with prolonged headache, confusion and 
coma [23]. This case and four more cases were diag-
nosed with intracranial or subarachnoid haemorrhage 
[8], and from available data, at least four of these five 
cases deteriorated rapidly and later died [23,24].

Clinical information about cases diagnosed since June 
2012, is limited to three published case reports regard-
ing five confirmed cases [14,15,25] (Table 3) and a brief 
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description of the single case diagnosed in France [26]. 
It appears that the clinical presentation and course 
were similar to those described in the 2009−2010 out-
break [9-11,14,15,25,26] (Table 3).

Clinical course and complications
Among 16 reported cases presenting with soft tissue 
infection, four patients demonstrated haemodynamic 
stability [16,18,20], one of them despite evidence of 
B. anthracis bacteraemia [18]. However, nine patients 
showed progressive soft tissue infection and systemic 
complications such as coagulopathy, rapid deteriora-
tion to septic shock, toxaemia and multi-organ failure 
[4,6,14,15,17,19,20,22,25]. An important complication 
occurring intra- or post debridement procedures of 
soft tissue infections was disproportionate bleeding 
and oozing (at times, despite correction of coagulopa-
thy) requiring massive transfusions [8]. This was docu-
mented in three of the reported cases [17,19].
Patients lacking signs of soft tissue infection, who 
presented with other signs of systemic infection, men-
ingitis or peritonitis were usually misdiagnosed and 
rapidly deteriorated due to lack of appropriate treat-
ment [21,23,24] (Table 3).

Following admission, two of the reported cases devel-
oped pleural effusions, one associated with pulmonary 
edema [19] and the other associated with pneumonia 
[15]. In both cases there was no evidence of B. anthra-
cis in the pleural fluid cultures. Besides these two 
cases, diagnosed outside of Scotland, the HPS report 
found that a small pleural effusion which did not cause 
symptoms was detected in ten of 41 patients reported. 
In some cases anthrax bacilli were recovered from 
respiratory samples, either from pleural fluid or in 
two cases from bronchial tissues or exudate. The HPS 
report states this may be an evidence of smoking or 
snorting contaminated heroin [8]. Complications are 
presented in Table 3.

Diagnosis, management and outcome
Diagnosis of injectional anthrax was based on tradi-
tional microbiological methods as Gram stain and cul-
tures of tissue, blood, peritoneal fluid or cerebrospinal 
fluid (CSF) and by polymerase chain reaction (PCR). 
Evidence of scanty pus cells was a common finding in 
tissue histopathology [4,6,14-23].

In the first cases from Denmark and Germany in 2012, 
a matrix-assisted laser desorption/ionisation time-of-
flight (MALDI-TOF) mass spectrometry method or serol-
ogy testing for antibodies to the B. anthracis protective 
antigen were also utilised [14,15,25,26].

Patient management was inconsistent. When reported, 
most cases presenting with soft tissue infection were 
treated with supportive treatment and antibiotic regi-
men with or without surgical intervention. The antibi-
otic regimen varied among cases: anthrax infection 
was not clinically suspected in eight patients and treat-
ment covered other, more common, causes of severe 
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soft tissue infections [4,6,15,20,22,25]. This is possi-
bly due to these patients being among the first injec-
tional anthrax cases in different countries. In six of 
those cases, antibiotic regimens were amended upon 
clinical suspicion or after preliminary results have sug-
gested anthrax infection [15,20,22,25]. The diagnosis 
of anthrax infection at presentation was raised in three 
patients, who were treated with a combination of four 
or five antibiotics covering both B. anthracis infection 
and more common pathogens causing soft tissue infec-
tions. These three patients were part of the 2009–2010 
outbreak in Scotland, hence early detection might have 
been due to clinicians’ awareness of the ongoing out-
break [17,18,20] (Table 3). Surgical procedures were 
reported in ten of 15 cases presenting with soft tissue 
infection [6,15,17-20] and included explorative surgery, 
fasciotomy and tissue debridement as well as occa-
sional skin grafting. Four patients required multiple 
debridement procedures [15,17,20] (Table 3).

In addition, few patients were treated with intrave-
nous anthrax immunoglobulin (i.v. AIG) provided by 
the United States’ Centers for Disease Control and 
Prevention (CDC) as an investigational new drug (IND). 
According to the HPS report on the 2009−2010 out-
break, of the 119 Scottish cases, 14 were treated with 
i.v. AIG [8]. Outside of Scotland, only one case report, 
from England, stated i.v. AIG usage [19]. Detailed infor-
mation regarding these patients is lacking, though 
according to the CDC guidelines for anthrax post-expo-
sure prophylaxis and treatment, of the 15 injectional 
anthrax cases treated with i.v. AIG, 10 survived and all 
cases appeared to tolerate the antitoxin [29].

As described, in many cases anthrax was not sus-
pected or was diagnosed with delay. When reported, 
delay ranged from three to 12 days post admission to 
hospital [6,19,25] or a first visit to a clinic [4]. This prob-
ably contributed to the adverse outcome of eight fatali-
ties among 18 published cases [4,6,14,15,19,21-23,25]. 
Mortality was higher among the 15 cases arising since 
June 2012 in comparison to the 2009−2010 outbreak 
(Table 1). One contributing factor to the difference in 
mortality rate might have been enhanced awareness 
and knowledge of injectional anthrax among care giv-
ers during the Scottish outbreak leading to earlier ade-
quate treatment.

Discussion
Injecting drug users (IDUs) are at higher risk of devel-
oping diverse forms of infections, among those, soft 
tissue infection is a well-known complication of par-
enteral drug use, though anthrax infection of injection 
sites was considered very rare before the 2009−2010 
injectional anthrax outbreak [30,31]. Hope et al. have 
estimated the differences in rates of severe infections 
among IDUs in Europe, between 2000−2009, caused by 
four spore-forming bacteria that have been associated 
with contaminated heroin – Clostridium botulinum, C. 
tetani, C. novyi, and B. anthracis. They identified 367 
infections over the 10-year period. Of these cases, 

300 occurred in the UK; only 13 of those were caused 
by B. anthracis. These 300 infections led to an over-
all rate of 1.9 to 2.1 infections per 1,000 IDUs over 10 
years (among those 0.083−0.09 anthrax infections per 
1,000 IDUs). The rates of infection with spore-form-
ing bacteria among IDUs in other European countries 
(Germany, Greece, Italy, the Netherlands and Norway) 
were much lower than those in the UK, with the excep-
tion of a higher infection rate in Ireland (3.9−6.6 infec-
tions/1,000 IDUs/10 years) [32].

Thus, although the 2009−2010 injectional anthrax 
outbreak has constituted the largest cluster of severe 
bacterial infection among IDUs in Scotland in a decade, 
with a rate of 1.96 confirmed anthrax infections per 
1,000 heroin users in Scotland [8], overall B. anthracis 
is an uncommon cause of soft tissue infection among 
IDUs and other more common pathogens as staphylo-
cocci, streptococci and anaerobes [31] must be consid-
ered first in the differential diagnosis and management 
of patients. Nevertheless, injectional anthrax should 
be considered in the differential diagnosis of a heroin 
user presenting with severe soft tissue infection at 
an injection site, with a progressive course, that does 
not respond to customary antimicrobial agents aimed 
to treat most common pathogens causing soft tissue 
infections, especially in the context of epidemiological 
link to other injectional anthrax cases in the area.

Another unprecedented outbreak among injecting 
heroin users took place predominantly in Scotland 
between April and August 2000. This was mainly 
attributed to C. novyi type A infection, manifesting with 
a very similar presentation to injectional anthrax i.e. 
marked swelling and pain at the intramuscular injec-
tion site and/or multi-organ failure, presenting within 
10 days of injection. As opposed to injectional anthrax 
infection, this outbreak had a higher case-fatality rate, 
of 87% (20 of 23 definite cases), and a higher number 
of cases had necrotising fasciitis (15/23) and pleural 
effusion (13/23). One of its characteristic features was 
a leukaemoid reaction – a markedly raised white cell 
count with left shift and a median white cell count of 
60X109/L (normal range ~ 3.54–9.06x109/L), which is 
not a common feature of injectional anthrax [33].

Both C. novyi and B. anthracis outbreaks have occurred 
in clusters, which were attributed to specific batches of 
contaminated heroin [34], both outbreaks necessitated 
comprehensive measures of containment.

During the 2009—2010 outbreak informative materi-
als were distributed to drug addicts, recommending 
drug users to stop using heroin and to ask for medi-
cal help in case of symptoms. Clinicians were alerted 
and the police reinforced its attempts to interrupt the 
heroin distribution networks [8]. The reoccurrence 
of 15 injectional anthrax cases since June 2012, most 
likely caused by the same B. anthracis strain as the 
2009−2010 outbreak [13-15,25,27] affirmed that con-
taminated heroin probably still circulates in at least 
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six European countries and further appearance of new 
injectional anthrax cases might be expected.

Injectional anthrax presents a challenge for physicians 
often due to lack of evident case clusters, unfamiliar 
clinical presentation and severe course of disease. 
Unlike cutaneous anthrax, injectional anthrax is typi-
cally a systemic infection with high mortality rate 
(Table 4). This may be attributed to the deeper and 
greater inoculation of spores, higher rates of septicae-
mia, delayed diagnosis and to factors specific to drug 
addicts including delayed medical consultation, malnu-
trition, presence of concomitant diseases such as HIV 
infection and defective immune response. The weight 
of these contributing factors could not be assessed in 
the absence of a detailed database and a lack of a con-
trol group exposed to the pathogen through the same 
route.

The predominantly systemic nature of injectional 
anthrax requires different management than cutaneous 

anthrax. In cases of naturally occurring cutaneous 
anthrax, oral antibiotic treatment with fluoroquinolo-
nes (ciprofloxacin, levofloxacin, and moxifl\oxacin) 
or doxycycline is usually sufficient [29, 35]. However, 
the progressive clinical course of injectional anthrax, 
frequent systemic involvement and high fatality rate 
necessitates early and aggressive management. Most 
reported cases with soft tissue infection required sur-
gical procedures such as debridement or fasciotomy in 
cases of compartment syndrome. These interventions 
were made in addition to i.v. antibiotic therapy, adju-
vant treatment with i.v. AIG in some cases and support-
ive critical care management [6,15,17-20].

In March 2010 the HPS published interim clinical guid-
ance for the management of suspected anthrax in drug 
users [36]. In accordance to it, the appropriate man-
agement of cases with soft tissue infection should 
include i.v. application of a combination of antimicro-
bial agents. As for the duration of treatment, the guid-
ance suggest reviewing antimicrobial therapy after ten 

Table 4
Comparison of clinical presentation, clinical course, diagnosis, treatment and outcome of cutaneous versus injectional 
anthrax cases, Europe, 2000−2013

Cutaneous anthrax Injectional anthraxa

Classical presentation

Papule progresses to a vesicle and to a black 
eschar. Painless lesion without purulence +/- 
marked non-pitting edema. Numerous bacilli, 
paucity of leukocytes on staining [1,2].

Soft tissue infection with marked edema, painless at times, 
without pus, scarce leukocytes on staining. No eschar.  
Changes are attributed to bacterial virulence factors including 
edema and lethal toxins (Table 3).

Mortality rate <1% when treated,
10-20% without treatment [1,2]. 37% (26/70 confirmed cases), higher rate of septicaemia (Table 1).

Diagnosis Gram stain and culture from lesion usually 
sufficient [1,2] b

Mainly Gram stain, culture and PCR confirmation from blood, 
tissue, pus or other body fluid. Other methods included silver 
and immunohistochemical staining, serum samples for toxin 
levels, MALDI TOF MS and serology testing (Table 3).

Antibiotic regimen

Naturally acquired cutaneous anthrax: 
For localised, uncomplicated cases oral 
ciprofloxacin or doxycycline for seven to 10 
days. For severe cases with signs of systemic 
involvement, extensive edema, or lesions of 
head and neck – i.v. therapy for 7–10 days  
[29, 35].

Soft tissue infection – i.v. combination of five antimicrobial 
agents to cover both B. anthracis, and other more common 
causes of severe soft tissue infections: ciprofloxacin, 
clindamycin, penicillin, flucloxacillin, metronidazole. 
Systemic anthrax without soft tissue infection - therapy as 
inhalational anthrax with potential CNS involvement: i.v. 
ciprofloxacin and clindamycin with at least one other active 
drug against B. anthracis - penicillin or vancomycin (in patients 
allergic to penicillin) [36].c

Additional treatment No information.

Exploration surgeries and tissue debridement for the removal 
of toxin reserve and devitalised tissue. Fasciotomy for 
compartment syndrome.
i.v. AIG when indicated for confirmed or probable case (positive 
Gram stain) [36].

AIG: anthrax immunoglobulin; CNS: central nervous system; i.v.: intravenous; MALDI TOF MS - Matrix-assisted laser desorption/ionisation 
time-of-flight mass spectrometry.

a 	 More comparable with systemic anthrax regarding fatality rate, diagnosis and antimicrobial treatment.
b 	 Diagnostic procedures should preferably be performed prior to initiation of antibiotics, as vesicular fluid and dermal tissue are quickly 

sterilized after initiation of antibiotics [1].
c 	 Other agents with anti-anthrax activity include rifampicin, imipemem, meropenem, chloramphenicol and gentamicin. For the duration of 

therapy – refer to text. Ciprofloxacin is the preferred choice over doxycycline in cases of severe disease. Clindamycin is included for its 
bacterial toxin synthesis inhibition ability and the third antimicrobial drug is included for its adequate activity against B. anthracis and CNS 
penetrance properties [29,35,36].
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to 14 days of i.v. therapy, and either continuation of 
therapy, modification of agent or its route of admin-
istration, or discontinuation of therapy, depending on 
the clinical course of the individual patient. When ther-
apy has ceased, patients must be monitored closely for 
worsening of symptoms necessitating renewal of ther-
apy and re-evaluation of the need for further surgical 
debridement [36].

According to the US CDC guidelines for anthrax post-
exposure prophylaxis and treatment, systemic illness 
cases that were exposed to aerosolised spores should 
be treated for 60 days due to the potential for delayed 
germination of B. anthracis spores [29,35]. Inhalational 
exposure to aerosolised spores should be considered 
in cases of smoking or snorting of contaminated heroin.

Complementary treatment with corticosteroids may be 
beneficial for patients with edema, especially of the 
head or neck, with evidence of anthrax meningitis or of 
vasopressor-resistant shock [29].

Due to insufficient clinical data there are no general 
recommendations for the use of i.v. AIG for the treat-
ment of severe anthrax infections. The US CDC offers 
AIG under emergency IND protocol on a patient by 
patient basis [29,35]. The HPS interim clinical guidance 
recommends the consideration of i.v. AIG if the patient 
fits the clinical definition and is a confirmed or a prob-
able case based on a Gram stain demonstrating Gram-
positive bacilli [36].

The main constraint of this review arises from the 
incomplete information, a limited number of case 
reports and the variable degree of clinical description 
that do not allow additional analysis or prognostic indi-
cators assessment regarding clinical presentation and 
recommended management. However, this review of 
injectional anthrax cases aspires to serve as a source 
of knowledge on this recently described and distinc-
tive infection, in order to encourage early recognition, 
diagnosis and management of future cases and allow 
further evaluation of diagnostic methods and manage-
ment of this important pathogen.

Conclusion
The erratic emergence and severe clinical course of 
injectional anthrax present a challenge for clinicians. 
The optimal management of injectional anthrax neces-
sitates a high index of suspicion and prompt treatment. 
Clinicians should be extra vigilant when examining a 
heroin user presenting with either severe soft tissue 
infection at an injection site, signs of severe sepsis 
or meningitis with or without evidence of soft tissue 
infection, evidence of intracranial bleeding on a com-
puted tomography scan or symptoms of inhalational 
anthrax. It is important to be aware of the progressive 
clinical course of disease. When suspected, diagnos-
tic tests should be performed and appropriate anti-
biotic treatment be commenced promptly along with 

surgical debridement and critical care management 
when indicated. 
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In Spain, whole cell pertussis vaccination started in 
1975, with three doses before the age of 6–7 months. 
Doses at 15–18 months and 4–6 years were introduced 
in 1996 and 2001, respectively. Spain switched to an 
acellular vaccine in 2005. From 1998 to 2009, pertussis 
incidence rates remained ≤1.5 cases/100,000 inhabit-
ants but increased from 2010 to 7.5 cases/100,000 
in 2012. Data from 1998 to 2012 were analysed to 
assess disease trends and susceptible populations. 
We defined four epidemic periods: 1998–2001 (refer-
ence), 2002–05, 2006–09 and 2010–12.  In 2002–05, 
the incidence rate increased in individuals aged 15–49 
years (IRR: 1.41 (95% CI: 1.11–1.78)) and ≥50 years (IRR: 
2.78 (95% CI: 1.78–4.33)) and in 2006–09 increased 
also in infants aged <3 months (IRR: 1.83 (95% CI: 
1.60–2.09)). In 2010–12, the incidence rate increased 
notably in all age groups, with IRRs ranging between 
2.5 (95% CI: 2.3–2.8) in 5–9 year-olds and 36.0 (95% 
CI: 19.4–66.8) in 20–29 year-olds. These results, con-
sistent with the country’s vaccination history, suggest 
a progressive accumulation of susceptible individuals 
due to waning immunity after years of low incidence.  
Further vaccination strategies should be assessed and 
implemented to prevent pertussis in pre-vaccinated 
infants, in whom the disease is more severe. 

Introduction
Pertussis, commonly known as whooping cough, is a 
highly transmissible respiratory infectious disease 
caused by Bordetella pertussis. Worldwide, it is esti-
mated that there are 30–50 million pertussis cases and 
300,000–400,000 deaths due to the disease per year 
[1,2]. In non-vaccinated populations, pertussis occurs 
seasonally, with variations in time and place, display-
ing epidemic cycles of two to five years [3]. The epi-
demic cycles continue to be observed even when high 
vaccination coverage (≥90% coverage with three doses 
in infants [4]) is achieved, possibly because pertussis 
vaccination can protect well against severe forms of 
disease but not so well against infection [5-8]. Although 
a dramatic decrease in incidence occurs after the intro-
duction of vaccination against pertussis, elimination of 

the disease has never been achieved, even in countries 
with decades of high vaccination coverage [3,9,10].

Recently, a resurgence of the disease has been 
described in several countries with high vaccine cov-
erage, in North America (the United States [11,12] and 
Canada [10]) and in Europe (e.g. the Netherlands [13], 
Norway [14], Germany [15], the United Kingdom [16,17] 
and Slovenia [18]).
Pertussis resurgence in a context of sustained high 
vaccination coverage may be explained by the follow-
ing: (i) better diagnosis and reporting, especially of 
patients with milder and/or non-specific forms of the 
disease, in whom notification has been considered 
underestimated [19]; (ii) waning of natural and vaccine-
induced immunity [19]; (iii) loss of vaccine effective-
ness due to an antigenic shift of B. pertussis strains 
[13]; and (iv) lower vaccine effectiveness of acellular 
pertussis vaccine (aP) compared with wP [11,20] and 
less sustainable immunity, at least when aP is adminis-
tered to preschool children (aged 0–6 years) [9,21,22].

In Spain, the whole cell vaccine against pertussis com-
bined with diphtheria and tetanus toxoids (wP) was 
commercialised in the 1960s and administered in two 
annual campaigns to infants (aged <1 year). In 1975, wP 
was included in the national childhood immunisation 
schedule, with three doses (at 3, 5 and 7 months of 
age). In 1996, the vaccination schedule was changed, 
reducing the age of administration of the three doses, 
to 2, 4 and 6 months of age, and included an additional 
fourth dose at 15–18 months of age. In 2001, a fifth 
dose was added to the vaccination schedule, at 4–6 
years of age. In 2005, wP vaccine was replaced by a 
three-component aP.

Notification by general practitioners of the weekly 
number of pertussis cases to the national surveillance 
system has been mandatory in Spain since 1982. In 
1996, case-based reporting was implemented, with 
inclusion of individual basic epidemiological data (sex, 
age, case classification and history of vaccination) and 
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became fully functional in 1998. Pertussis notification 
remains based on a standard clinical case definition 
according to criteria of the World Health Organization 
(WHO) [23] and European Centre for Disease Prevention 
and Control (ECDC) [24]. A pertussis case was defined 
as any person with cough lasting at least two weeks, 
in the absence of another apparent cause, with at least 
one of the following symptoms: paroxysms of cough-
ing, inspiratory stridor or convulsive post-tussive vom-
iting. Cases were classified as: (i) suspected – i.e. a 
person with clinical criteria; (ii) confirmed by an epide-
miological link – i.e. a person with clinical criteria and 
an epidemiological link to a laboratory-confirmed case; 
and (iii) laboratory confirmed – isolation of B. pertus-
sis from a clinical specimen or B. pertussis nucleic acid 
detected by polymerase chain reaction (PCR) or B. per-
tussis-specific antibody response.

Vaccination coverage in Spain increased progressively 
during 1982 to 2012 and since 1998 has remained 
above 95% for the three basic doses [25]. Vaccination 
coverage for the four-dose schedule has been between 
93% and 95% since 1996, and for the five-dose sched-
ule has remained around 80–90% since 2001 [25].

After 12 years of low incidence (between 0.8 and 1.5 per 
100,000 inhabitants annually from 1998 to 2009 [26]) 
except for a peak in 2000, when the rate increased to 
2.3/100,000, reported data showed an increase of per-
tussis incidence during 2010 to 2012 (from 1.9 to 7.5 
per 100,000 inhabitants annually). We present here 
results of pertussis epidemiology in Spain from 1998 
to 2012, to describe incidence overall and by age and 
hospitalisation trends and to identify the susceptible 
age groups most affected by the increased incidence. 
This should help to understand the resurgence of the 
disease in a context of sustained high vaccination cov-
erage in Europe and provide health authorities with 
information that will help to define the best vaccina-
tion policies.

Methods
To analyse the general trend of pertussis incidence 
in Spain in parallel with three-dose vaccine cover-
age, data on incident cases were obtained from the 
National Epidemiological Surveillance Network, from 
1982 to 1997 as weekly aggregated data and from 1998 
onwards as case-based data and data on vaccine cov-
erage for the three-doses schedule were obtained from 
the Ministry of Health, Social Services and Equality 
[27]. Since fully functioning case-base notification in 
1998, cases without information on age were attrib-
uted to the different age groups, assuming a similar 
distribution by age group for cases with known age 
in the same year, although from 2005 onwards, only 
0.4% of cases (40/9,960) were reported without age 
information.

Hospitalisation data since 1998, including patient age 
and length of stay, were available from the national 
registry of hospitalisations of the Ministry of Health. 

The cause of hospitalisation was considered to be per-
tussis when the ninth International classification of dis-
eases [28] code 033 was recorded by the hospital as 
the main diagnosis. Data on mortality due to pertussis 
were obtained from the national mortality registry of 
the National Institute of Statistics, as were annual pop-
ulation data, used as denominator. Data on national 
vaccination coverage within the Spanish national 
immunisation programme since 1982 were available 
from the Ministry of Health [27].

We included all notified cases reported to the National 
Epidemiological Surveillance Network in our analy-
sis, including suspected cases, in order to analyse 
the overall changes in pertussis incidence. Suspected 
cases were included because the proportion of cases 
confirmed by the laboratory or an epidemiologi-
cal link remained constant during our study period 
(1998–2012).

We describe here the overall annual pertussis inci-
dence rates, number of deaths due to pertussis and 
annual hospitalisation rates due to pertussis from 
1998 to 2012. To analyse the evolution of the incidence 
by age, we calculated the annual incidence rates and 
hospitalisation rate by age group (<1, 1–4, 5–9, 10–14, 
15–49 and ≥50 years) from 1998 to 2012. We also 
assessed changes in incidence in subgroups of noti-
fied cases aged less than 1 year (<1, 1, 2, 3–5, 6–8 and 
9–11 months).

We defined four periods according to the observed 
epidemic waves and changes in pertussis vaccination: 
1998–2001 (reference period), 2002–05 (following 
introduction of fifth dose of wP at 4–6 years of age), 
2006–09 (following switch to aP for all five vaccine 
doses) and 2010–12 (pertussis resurgence wave), in 
order to identify possible changes in pertussis epi-
demiology related to vaccination changes. Period 
incidence rate ratios (IRRs) and hospitalisation rate 
ratios (HRRs) were calculated by Poisson regression, 
taking the 1998–2001 epidemic wave as reference, 
and expressed as the ratio between the period rates 
(overall or by age group) and the rate for 1998–2001 
in the same group. IRRs or HRRs >1 (p<0.05) were con-
sidered as statistically significant increases in the rate 
and IRRs or HRRs <1 (p<0.05) as significant decreases. 
Confidence intervals were calculated using a Poisson 
distribution. All statistical analyses were performed 
using Stata version 12.

Results

Pertussis annual incidence rates and 
hospitalisation rates
Annual vaccination coverage (for the three-dose sched-
ule) and pertussis incidence rates and pertussis hos-
pitalisation rates from 1998 to 2012 are shown, along 
with those from 1982 to 1997 (Figure 1), 1982 being the 
start of mandatory notification.
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Pertussis incidence decreased significantly from the 
mid-1980s to the end of the 1990s (p<0.001) and the 
decrease was more pronounced after the inclusion of 
the fourth wP dose in 1996 (Figure 1).

From 1982 to 1997, the mean annual incidence was 58.9 
cases/100,000 inhabitants (standard deviation (SD): 
13.1). From 1998 to 2009, except for a peak in 2000 
(2.3/100,000), the incidence remained between 0.79 
and 1.5 cases/100,000. However, after 2009, the inci-
dence started to increase, with 1.92 cases/100,000 in 
2010 and reached 7.5 cases/100,000 in 2012.

The mean pertussis hospitalisation rate during the 
study period was 1.11/100,000 inhabitants (SD: 0.14), 
ranging between 0.74 and 2.28/100,000. Similar 
to incidence rates, after a peak observed in 2000 
(2.28/100,000), the rate remained between 0.9 and 
1.5/100,000 until 2009, when it began to increase, 
reaching another peak in 2011 (2.2/100,000), with a 
lower rate in 2012 (1.5/100,000).

Although the hospitalisation and incidence rates 
followed the same pattern from 1998 to 2012, the 
incidence rates were slightly higher than the hospitali-
sation rates between 1998 and 2006 (incidence rate/

hospitalisation rate: 1.10; p<0.001), but after 2006, the 
increases in incidence rates were higher than those in 
hospitalisation rates (incidence rate/hospitalisation 
rate: 2.60; p<0.001).

Pertussis incidence rates by age group
The increase in pertussis incidence seen during 2010 
to 2012 affected all age groups. From 1998 to 2012, 
incidence rates increased from 33.4/100,000 in infants 
(aged <1 year) in 1998 to 177.7/100,000 in 2012, with 
a peak of 214.0/100,000 in 2011; from 5.6 to 39.0 
cases/100,000 children aged 1–4 years; from 2.3 to 
21.2 cases/100,000 children aged 5–9 years; from 2.3 
to 19.3/100,000 children aged 10–14 years; and from 
0.04–2.27/100,000 individuals aged ≥15 years (Figure 
2).

Among infants, a similar increasing trend was observed 
in all ages, but was particularly clear in children aged 
<1, 1 and 2 months of age, i.e. children too young to 
be vaccinated. Between 1998 and 2012, the incidence 
increased from 14.5 to 706.1/100,000 infants aged 
<1 month; from 121.3 to 391.8/100,000 infants aged 
1 month; from 86.6 to 422.6/100,000 infants aged 2 
months; from 24.4 to 140.4/100,000 infants aged 3–5 
months; from 14.8 to 30.6/100,000 infants aged 6–8 
months; and from 20.5 to 24.6/100,000 infants aged 
9–11 months (Figure 3).

Pertussis hospitalisation rates by age group
From 1998 to 2009, the annual rate of pertussis hos-
pitalisation tended to decrease in all age groups, 
except in infants aged <1 year, in whom it remained 
essentially stable (Figure 4), but after 2009, an 

Figure 1
Pertussis incidence rates, hospitalisation rates and vaccine 
coverage, Spain, 1982–2012
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Figure 2
Pertussis annual incidence rates by age group, Spain, 
1998–2012
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increase was observed in infants aged <1 year, with a 
peak in 2011 of 378 hospitalisations/100,000 infants. 
In 2012, the hospitalisation rate decreased to 131.4 
hospitalisations/100,000.

Among infants, annual pertussis hospitalisation rates 
peaked in 2000 and showed no clear changes in the 
rates until 2010, when rates started to increase, 
especially in infants of 1 month of age (in 2011, 
923.0/100,000), followed by that in those aged 2 
months (in 2011, 658.5/100,000) and <1 month (in 2011, 
218.8/100,000) (Figure 5). However in 2012, the hos-
pitalisation rate decreased in these age subgroups 
(625.3, 434.2/100,000 and 143.7, respectively).

Pertussis incidence and hospitalisation rate 
ratios during the epidemic waves
Taking the 1998–2001 epidemic wave as the refer-
ence period, we evaluated changes in the incidence 
and hospitalisation rate ratios in the three successive 
epidemic waves in 2002–05, 2006–09 and 2010–12 
(Tables 1 and 2).

The overall IRR of the disease was <1 during 2002–05 
and 2006–09 (p<0.001). In 2010–12, the overall IRR 
was 4.3 (p<0.001). The overall HRR followed the same 
pattern as the IRR, with a HRR <1 during 2002–05 and 
2006–09; in 2010–12, it was 1.2 (p<0.001) (Table 1).

Pertussis incidence and hospitalisation rate ratios by age 
group
During 2002 to 2005, children aged 1–4 years (IRR: 
0.58, p<0.001) and 5–9 years (IRR: 0.59, p<0.001) 
showed a significant decrease in the incidence rate 
(compared with the reference period). In infants aged 
under <1 year and children aged between 10–14 years, 
there was a decrease in the incidence rate, but this was 
not statistically significant. However, individuals aged 
≥15 years had a higher incidence rate, when compared 
with 1998 to 2001. During 2002 to 2005, the hospitali-
sation  rate decreased in those aged <1 year , 1–4 years 
and especially in the 5–9 year-olds, for whom rates 
of hospitalisation were reduced nearly by 80%, while 
those aged over 9 years had a higher rate of hospitali-
sation (Table 1).

In 2006 to 2009, after the switch to aP, the overall 
IRR was similar to that of the previous epidemic wave 
(2002–05). In children aged 5–9 years and in adults 
≥50 years-old, the IRR was lower than in the preced-
ing wave, while in infants aged  <1 year, children aged 
1–4 years and individuals aged 15–49 years, the IRR 
increased. On the other hand, the HRR for all age 
groups  was lower than that in 2002–2005, except for 
infants aged under <1 year, in whom the HRR remained 
similar to that of the previous wave (Table 1).

In 2010 to 2012, an increase in incidence was seen in 
all age groups: the IRR varied between 2.5 and 5.7 in 
the age groups between 0 and 19 years; in individuals 
aged 15–49 years, the IRR was 14 and 17 in adults aged 
≥50 years. During 2010 to 2012, in contrast to IRRs, 

Figure 3
Pertussis annual incidence rates in infants aged <1 year by 
age subgroup, Spain, 1998–2012
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Figure 4
Pertussis hopitalisation rates per 100,000 inhabitants by 
age group, Spain, 1998–2012
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HRRs remained below 1 (p<0.05) in the age groups 1–4, 
5–9 and 10–14 years, whereas the HRR was >1 in the 
age groups <1 year (HRR: 1.16), 15–49 years (HRR: 1.92) 
and ≥50 years (HRR: 1.24) (Table 1).

Among infants, a statistically significant IRR of >1 
(p<0.001) in 2002–05 was seen only in those aged <1 
month; in 2006–09, the IRR was >1 (p<0.001) in those 
at age of pre-vaccination (<1, 1 and 2 months). In 2010–
12, the IRR was >1 for all age subgroups; this was par-
ticularly pronounced in those aged <1 month (IRR: 14.8, 
p<0.001) (Table 2). Overall, the HRR was <1 in 2002–05 

and 2006–09 and although it became >1 (p<0.001) in 
2010–12 (Table 1), this increase affected only infants 
who had yet not completed the first three doses (i.e. 
those aged <3 months; IRR: 1.83 (95% CI: 1.60–2.09)), 
73% (1,556/2,136) of all hospitalisations between 2010 
and 2012.

Duration of hospital stay
Data from the national registry of hospitalisations 
showed that the mean hospitalisation stay was 7.9 
days (SD: 10.2) for all cases from 1998 to 2012. The 
length of stay was longer (p<0.001) in infants aged <3 
months (mean: 8.7; SD: 11.9) than in those aged 3–11 
months (mean: 6.5; SD: 5.5) and in individuals ≥1 year 
of age (mean: 5.7; SD: 4.77).

A significant (p<0.001) decrease in stay was observed 
over time: in 1998 to 2001, the mean duration of stay 
was 8.9 days (SD: 7.7) while in 2010–12, it was 6.8 days 
(SD: 6.1)

Pertussis-related mortality from 1982 to 2012
Data from the national mortality registry of the National 
Institute of Statistics showed that from 1982 to 1987, 
between one and four deaths due to pertussis were 
observed every year. From 1988 to 1996, there were no 
pertussis-related deaths, but in 1997, pertussis-related 
deaths reappeared and increased from 1–2 to 3–5 
annual deaths between 2007 and 2010. In 2011, there 
were eight pertussis-related deaths and six in 2012. 
Since 1997, all deaths but one (in a person aged 41 
years) were reported in infants younger than 3 months.

Discussion
Our results show that in Spain, pertussis incidence 
decreased from 133.2/100,000 in 1982 to 0.79/100,000 
inhabitants in 1998 after reaching high vaccination 

Figure 5
Pertussis hopitalisation rates in infants aged <1 year by 
age subgroup, Spain, 1998–2012 
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Table 1
Pertussis incidence and hospitalisation rate ratios by age group, Spain, 2002–12a 

Age group
 in years

Incidence rate ratioa (95% CI) Hospitalisation rate ratioa,b ( 95% CI)
2002–05 2006–09 2010–12 2002–05 2006–09 2010–12

<1 0.98 (0.88–1.08) 1.13 (1.03–1.25) 3.35 (3.07–3.65) 0.70 (0.65–0.75) 0.68 (0.63–0.72) 1.16 (1.09–1.23)

1–4 0.58 (0.49–0.68) 0.92 (0.80–1.06) 4.25 (3.79–4.75) 0.60 (0.45–0.81) 0.29 (0.20–0.41) 0.56 (0.41–0.76) 

5–9 0.59 (0.51–0.68) 0.36 (0.31–0.42) 2.51 (2.27–2.79) 0.23 (0.13– 0.44) 0.14 (0.07–0.30) 0.44 (0.26–0.73)

10–14 0.91 (0.78–1.07) 0.94 (0.80–1.10) 3.60 (3.16–4.10) 1.43 (0.75–2.72) 0.39 (0.15–1.01) 0.67 (0.28–1.57) 

15–19 0.63 (0.38–1.03) 1.38 (0.92–2.07) 5.65 (4.03–7.92)

– – –
20–29 4.81 (2.48–9.35) 4.82 (2.47–9.38) 36.03 (19.42–66.84)

30–39 1.19 (0.80–1.77) 1.54 (1.06–1.77) 13.16 (9.63–17.98)

40–49 1.87 (1.09–3.20) 1.91 (1.12–3.23) 21.47 (13.64–33.81)

15–49 1.41 (1.11–1.78) 1.77 (1.42–2.21) 14.06 (11.63–16.99) 1.76 (0.70–4.42) 1.03 (0.37–2.84) 1.92 (0.75–4.96)

≥50 2.78 (1.78–4.33) 1.57 (0.97–2.53) 16.91 (11.40–25.09) 1.01 (0.47–2.14)   0.53 (0.22–1.28) 1.24 (0.59–2.62) 

Total 0.86 (0.80–0.91) 0.81 (0.76–0.86) 4.34 (4.13–4.55) 0.75 (0.70–0.80) 0.72 (0.67–0.77) 1.23 (1.16–1.31)

a The reference period was 1998 to 2001.
b Hospitalisation rate ratios were not calculated for the age groups 15–19, 20–29, 30–39 and 40–49 years, as the number of hospitalisations in 

these groups was small. Instead, these age groups were combined, with the hospitalisation rate ratio calculated for individuals aged 15–49 
years.

Source: National Epidemiological Surveillance Network.
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coverage against pertussis, and remained around 
1.0/100,000, with a cyclical pattern of epidemic 
waves every three to five years as described in the lit-
erature [3]. However, after 12 years with an incidence 
≤1.5/100,000 (except for a peak of 2.3/100,000 inhab-
itants in 2000), there was a significant increase that 
started in 2010, with 1.92 cases/100,000 and reached 
7.5/100,000 in 2012, affecting especially individuals 
>14 years and infants <3 months of age. Other countries 
in North America and Europe with consolidated high 
vaccination coverage have observed similar re-emer-
gence of pertussis [10,13-18,29].

The PCR method, introduced during the mid-1990s, was 
already widely used by all laboratories and hospitals in 
Spain by the 2000s. If better diagnosis and increased 
notification have played a role in the increased inci-
dence, it would probably be due to increased aware-
ness among clinicians. However, the fact that the 
proportion of cases confirmed by the laboratory or an 
epidemiological link has remained constant over time, 
the increase in pertussis-related deaths since 2007 and 
the different trends by age group compatible with the 
history of vaccination in Spain observed in our results 
suggest a real increase in pertussis incidence. As would 
be expected from the vaccination history, in 2002–05 
there was already a decrease in incidence and pertus-
sis-related hospitalisation in infants aged >2 months. 
We also observed a decrease in incidence in children 
of 1–4 and 5–9 years of age – more evident in those 
aged 5–9 years – after the introduction of the fourth 
and fifth doses in 1996 and 2001. However, in the last 
period of our study (2010–12), these age groups pre-
sented a marked increased incidence as well.

During 1998 to 2012, the highest reported pertussis 
incidence was observed among infants <1 year-old. 
However, looking at the trends by age group, reported 
pertussis incidence started increasing first among 
individuals aged >19 years during 2002–05, while chil-
dren aged between 3 months and 19 years continued 
to be protected. During the last period of our study 
(2010–2012), although reported incidence increased 

significantly in all age groups, the most important 
increase was observed in those aged ≥15 years. This 
may be explained not only by better diagnosis and 
improved reporting but also by the progressive accu-
mulation of susceptible individuals, including unvac-
cinated people who were born before there was high 
vaccination coverage, and loss of population immunity 
(natural or acquired by vaccination), after years of low 
incidence, which reduced the opportunities for boost-
ing immunity with the natural disease [30].

Immunity is known to wane in around 7–20 years after 
pertussis infection and 5–6 years after immunisation 
[30]. Regarding post-vaccine waning immunity, among 
children aged 10–14 years, the increase of pertussis 
incidence started only in the last period of our study 
(2010–12) and was less than that observed among 
the ≥15 year-olds, in contrast to reports from other 
countries in Europe, where the increase in pertus-
sis incidence has been seen more in the 10–14 years 
age group [31]. In our study, lower incidence in this 
age group (compared with that seen in those aged ≥15 
years) is probably associated with the fifth-dose effect 
at the age of 4–6 years.

In addition to those aged ≥15 years, the other group 
affected by an increase in pertussis incidence during 
2006–09 were infants, specifically those too young to 
have received the first three doses of pertussis vac-
cine. This can be explained as a consequence of the 
infants being infected at home by siblings, parents or 
grandparents [32]. The important increase in pertussis 
incidence, hospitalisation and mortality among infants 
is consistent with ongoing transmission of B. pertussis 
in Spain, independent of a possible increase in notifi-
cation during the last period of our study.

The most recent change in the vaccine calendar was 
the switch from whole cell to acellular vaccine in 2005. 
Although aP causes fewer side effects than wP [12], 
it has been suggested that it has reduced effective-
ness compared with wP [11,20]. Moreover, protection 
of aP does not last as long as that of wP [11,22,33]. 

Table 2
Pertussis incidence and hospitalisation rate ratios in infants aged under 1 year, by age subgroup, Spain, 2002–12a   

Age group
 in months

Incidence rate ratioa (95% CI) Hospitalisation rate ratioa ( 95% CI)
2002–05 2006–09 2010–12 2002–05 2006–09 2010–12

<1 2.38 (1.54–3.67) 2.17 (1.41–3.34) 14.78 (10.08–21.68) 0.98 (0.79–1.22) 0.83 (0.67–1.04)  1.32 (1.07–1.63)   

1 1.00 (0.79–1.27) 1.65 (1.33–2.04) 4.68 (3.85–5.68) 0.75 (0.66–0.84) 0.85 (0.76–0.96) 1.38 (1.24–1.54)

2 1.18 (0.96–1.46) 1.54 (1.27–1.87) 3.45 (2.88–4.13)  0.67 (0.59–0.77)  0.64 (0.56–0.73) 1.23 (1.10–1.40)   

3–5 0.83(0.70–0.99) 0.88 (0.75–1.04) 2.07 (1.78–2.40) 0.61 (0.53–0.70) 0.49 (0.42–0.57) 0.89 (0.78–1.02)

6–8 0.80 (0.56–1.13) 0.30 (0.19–0.47) 1.82 (1.34–2.46) 0.58 (0.41–0.83) 0.42 (0.29–0.62)  0.48 (0.32–0.71)

9–11 0.51 (0.33–0.79) 0.26 (0.15–0.44) 1.57 (1.12–2.21) 0.60 (0.35–1.04) 0.54 (0.32–0.93) 0.65 (0.37–1.14)

a The reference period was 1998 to 2001.

Source: National Epidemiological Surveillance Network.
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Consistent with the characteristics of aP, our data sug-
gest an increasing incidence rate in children born after 
the switch from wP to aP in 2005 (during 2006–09 
compared with 2002–05). This was shown by the fact 
that the incidence rate started increasing in those aged 
1–4 years, already in 2006–09, while in those aged 
5–9 years, who had received the five wP doses, the 
incidence rate was still decreasing. In the subsequent 
period of our study (2010–12), the IRR became sig-
nificantly higher in this after-2005 birth cohort, which 
included both the 1–4 and the 5–9 year-old children. 
This is also compatible with our observations that in 
infants not yet vaccinated, both incidence and hospi-
talisation rates increased while in vaccinated infants 
and children, the incidence increased in the last period 
but the hospitalisation rates continued to decrease, 
because the vaccine would protect more against severe 
disease than against infection itself [1]. Consistent with 
that, we also found a reduction in duration of hospitali-
sation stay over the study period, which may be asso-
ciated with the occurrence of less severe forms of the 
disease. Specific studies will be needed in order to ver-
ify these results and estimate vaccine effectiveness.

The main limitations of our study were firstly that the 
vaccination status of the diagnosed patients was not 
included in the analysis. However, as pertussis vacci-
nation coverage has remained above 95% since 1998 
for the three basic doses, vaccination coverage for the 
four-dose schedule has been between 93% and 95% 
since 1996, and although coverage for the five-dose 
schedule has remained around 80–90% since 2001, 
we can assume that the ratio of vaccinated to non-vac-
cinated pertussis cases remained constant throughout 
the study period.  However, during 2010 to 2012, a 
notable increase in incidence was seen even in younger 
age groups with constant vaccination coverage.

Secondly, only some diagnosed patients were labora-
tory confirmed. However, the proportion of laboratory-
confirmed cases remained stable since 2005, so we do 
not consider that the increased incidence was a result 
of increased laboratory confirmation. Additionally, 
because laboratory-confirmed cases are more compa-
rable with hospitalised cases, inclusion of all cases in 
our study allowed us to describe changes in the over-
all pertussis incidence rate and this probably would be 
biased if using only laboratory-confirmed cases had 
been included.

In conclusion, the last epidemic wave of pertussis seen 
in 2010–12 shows an increasing trend of the disease, 
with its main public health consequences affecting 
pre-vaccinated infants. This will require further rein-
forcement of pertussis surveillance in Spain, with an 
emphasis on infants, and assessment of other targeted 
vaccination strategies, such as cocooning, consisting 
of selective immunisation of mothers and close fam-
ily contacts of newborns, as in Switzerland [34] and a 
maternal vaccination strategy, consisting of administer-
ing pertussis vaccine during pregnancy, as proposed in 

England [35] and Canada [36] in order to prevent infec-
tion in infants. Neonatal immunisation has also been 
suggested, but the effectiveness of one dose in new-
borns has been questioned given the possible interfer-
ence with maternal antibodies and the vulnerability of 
newborns [37]. Discussions about different strategies 
are being carried out at national level by the Spanish 
Inter-territorial Health Council. However, to date, only 
specific recommendations for outbreak situations have 
been adopted [31]. 
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The Netherlands saw an unexplained increase in 
campylobacteriosis incidence between 2003 and 2011, 
following a period of continuous decrease. We con-
ducted an ecological study and found a statistical asso-
ciation between campylobacteriosis incidence and the 
annual number of prescriptions for proton pump inhib-
itors (PPIs), controlling for the patient’s age, fresh and 
frozen chicken purchases (with or without correction 
for campylobacter prevalence in fresh poultry meat). 
The effect of PPIs was larger in the young than in the 
elderly. However, the counterfactual population-attrib-
utable fraction for PPIs was largest for the elderly (ca 
45% in 2011) and increased at population level from 
8% in 2004 to 27% in 2011. Using the regression model 
and updated covariate values, we predicted a trend 
break for 2012, largely due to a decreased number of 
PPI prescriptions, that was subsequently confirmed by 
surveillance data. Although causality was not shown, 
the biological mechanism, age effect and trend-break 
prediction suggest a substantial impact of PPI use on 
campylobacteriosis incidence in the Netherlands. We 
chose the ecological study design to pilot whether it 
is worthwhile to further pursue the effect of PPI on 
campylobacteriosis and other gastrointestinal patho-
gens in prospective cohort studies. We now provide 
strong arguments to do so.

Introduction
Gastric acid is a first barrier against exogenous bacte-
ria. The acid is secreted by parietal cells to maintain a 
median gastric pH of around 1.4 [1]. This level is gen-
erally sufficiently low to inactivate bacteria when the 
passage time is short (i.e. when the bacterial adap-
tive acid-tolerance response has not started), whereas 
pH levels >4 substantially increase their probability 
of survival [2,3]. Proton pump inhibitors (PPIs) are 
used to increase gastric pH in patients requiring, for 
example, treatment of gastro-oesophageal reflux dis-
ease and treatment or prevention of gastric and duo-
denal ulcers (e.g. co-prescribed with analgesics such 
as nonsteroidal anti-inflammatory drugs). PPI use is 

therefore hypothesised to facilitate gastrointestinal 
infections and has been reported repeatedly in case–
control studies as a risk factor for Campylobacter and 
Salmonella infections with odds ratios between 3.5 and 
12, suggesting a substantially increased risk [4]. The 
estimated attributable fraction for PPI use in campy-
lobacteriosis cases was estimated at 8% in a Dutch 
case–control study [5].

Several European countries such as the Netherlands, 
Norway and the United Kingdom, experienced decreas-
ing campylobacteriosis incidence rates from 2001 
onwards, but faced a subsequent increase start-
ing between 2003 and 2008. Simultaneously, other 
European countries, such as Denmark and Iceland, 
did not observe such an increase. In these coun-
tries, measures to reduce exposure of consumers 
to chicken meat are thought to have contributed 
to the favourable trends [6,7]. The decreasing inci-
dence in the Netherlands, based on culture-positive 
campylobacteriosis cases, continued until 2003, 
followed by an increasing trend until 2011. This 
increase cannot be explained by improved detec-
tion methods and/or changes in testing regime, (data 
not shown). Furthermore, Campylobacter contamina-
tion of chicken fillets at retail, a recognised risk fac-
tor for Campylobacter infection, showed a decreasing 
trend between 2002 and 2011 in the Netherlands [8]. 
Anecdotal reports suggested that the use of PPIs in the 
Netherlands had increased in the years before 2011. 
We therefore hypothesise that the increase in campylo-
bacteriosis cases in the Netherlands is, at least in part, 
related to increased PPI use. To study this hypothesis 
we related national trends in PPI prescriptions to the 
annual number of reported campylobacteriosis cases 
between 2004 and 2011, while controlling for age and 
chicken consumption. We then estimated the propor-
tional incidence that was potentially related to PPI use.
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Data and analysis
Data on PPI prescriptions were collected at Anatomical 
Therapeutic Chemical (ATC) level 5 (according to the 
World Health Organization (WHO) classification for 
medicine) from annual reports of the Foundation for 
Pharmaceutical Statistics (SFK) in the Netherlands 
(available in Dutch at www.sfk.nl) covering 95% of 
Dutch pharmacies. These reports cover drugs pre-
scribed by general practitioners and physicians, and 
exclude over-the-counter sales. Data were available for 
the two most frequently prescribed PPIs: omeprazole 
and pantoprazole. For the former, prescription data 
were available for the whole study period. For the latter, 
prescription counts were available from 2005 onwards. 
The number for 2004 was estimated by dividing the 
available annual sales revenue for the drug (which 
was available) by the unit price calculated for 2005. 
Given the similar mode of action of the two drugs, the 
prescription numbers for both PPIs were aggregated. 
The age distribution of patients receiving PPI pre-
scriptions was not available from the annual reports. 
Age-stratified data were available at ATC-4 level from 
Statistics Netherlands [9] for the period 2006 to 2011, 
covering more generally use of medicine to suppress 
peptic ulcers and gastro-oesophageal reflux (ATC-code 
A02B). These data reflected medicine refunded by 10 
(groups of) health insurance companies covering >90% 
of the Dutch population.

Four age groups were considered: 0–25, 26–50, 51–70 
and ≥71 years. Data on national sales of fresh and 

frozen chicken were provided by the Product Boards for 
Livestock, Meat and Eggs and used as a proxy for con-
sumption. To indicate exposure, sales of fresh chicken 
were multiplied with the annual prevalence of campylo-
bacter in fresh chicken meat as estimated from moni-
toring at retail [8]. Sales data were stratified for the 
consumers’ age based on the population size per age 
group. The population size per age group per year was 
obtained from Statistics Netherlands [10]. Annual inci-
dences for reported campylobacteriosis cases, includ-
ing the cases’ age, were obtained for the period 2004 
to 2012 from national laboratory surveillance data cov-
ering 52% of the Dutch population [11].

Negative binomial regression was used to relate 
reported campylobacter case numbers per age group 
(dependent variable) to the independent variables PPI 
prescriptions, age and chicken consumption (fresh and 
frozen). The age-stratified population size was used as 
offset. Data from 2004 to 2011 were used; not all data 
were available for earlier years. Backward elimination 
of variables was done until all remaining factors were 
significantly associated with campylobacteriosis cases 
at the 95% confidence level. Two-way and three-way 
interaction terms were subsequently examined for sta-
tistical significance at the same level.

The excess incidence due to PPI prescriptions 
expressed as population-attributable fraction (PAF) 
was estimated by counterfactual assessment [12]. The 
regression parameters and their covariance were used 

Figure 1
Annual number of prescribed proton pump inhibitors at pharmacies and annual incidence of reported and estimated (with 
the regression model) campylobacteriosis cases, the Netherlands, 2004–2012
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to estimate the number of campylobacteriosis cases 
per age group per year, setting the number of PPI pre-
scriptions to zero. The difference was divided by the 
estimated number of cases based on the collected data 
to obtain the PAF.

Data for 2012 for the independent variables of the 
final model (i.e. PPI per capita, chicken purchases and 
population counts per age group) were used to pre-
dict the number of campylobacteriosis cases for 2012 
using the regression parameters and their covariance. 
This number was subsequently compared to the case 
numbers reported for 2012 to the National Institute for 
Public Health and the Environment (Rijksinstituut voor 
Volksgezondheid en Milieu; RIVM) through the labora-
tory surveillance.

Results
The number of prescribed PPI in the Netherlands has 
increased since 2004 (Figure 1), especially in the 
older age groups. Campylobacteriosis incidence has 
increased since 2003 (Figure 1).

The trend and yearly fluctuations in the number of 
campylobacteriosis cases were explained statistically 
by PPI prescriptions (p<0.0001), age (p<0.0001), the 
interaction between age and PPI prescriptions (p<0.04), 
and consumption of frozen chicken meat (preventive 
factor; p=0.003) (Table).

Consumption of fresh chicken adjusted for 
Campylobacter contamination at retail was not sig-
nificantly associated with the campylobacteriosis 
incidence (p=0.19). The effect of PPI prescriptions 
was largest for the younger age groups and gradually 

decreased for older ages (Figure 2). The estimated coun-
terfactual attributable proportion for PPI prescriptions 
was 8% (95% confidence interval (CI): 0–16) in 2004 
and increased continuously to 27% (95% CI: 30–34) in 
2011. The estimated proportion differed by age group: 
12% (95% CI: 5–19) for the youngest group, 24% (95% 
CI: 15–32) for ages 26–50 years, 45% (95% CI: 39–51) 
for ages 51–70 years and 41% (95% CI: 34–48) for the 
oldest age group. That the attributable proportion for 
the elderly was higher despite the lower effect size per 
PPI prescription compared with the young, results from 
the larger number of prescriptions in the older groups.

The number of prescribed PPI declined in 2012 com-
pared with 2011, most likely because of changes in 
refunding policies. In total our model predicted 8,400 
(95% CI: 7,600–9,100) cases of campylobacteriosis 
in 2012, a mean decrease of 230 cases from 2011. In 
accordance with the prediction, the number of reported 
campylobacteriosis cases decreased by approximately 
320 to 8,200 in 2012.

Discussion
The current study was set up as an ecological study to 
generate hypotheses based on data that were available 
at an aggregate level. Ecological associations often fail 
to reflect the biological effect on the individual, and 
the aggregation of data undermines the control of con-
founding [13]. Proper data to analyse causal associa-
tions were, however, not available. Collecting such data 
would have required extensive time and funding, which 
we did not have at the time of our study. We therefore 
chose the approach of an ecological study to examine 
whether it is worthwhile to pursue studies on the effect 
of PPI on campylobacteriosis further. As such, we are 
unable to conclude on causality between PPI prescrip-
tions and Campylobacter infections. Nevertheless, 
a number of arguments favour a causal association. 
Firstly, the biological rationale for the observed effect 
is plausible: gastric acid secretion is impaired struc-
turally by PPI use, leading to an increased gastric pH 
that favours pathogen survival. Secondly, the age 
modification of the PPI effect can be explained biologi-
cally. Gastric acid secretion in the elderly appears to 
be impaired compared with younger individuals due 
to e.g. atrophic gastritis [14,15], resulting in a slower 
return to baseline levels after pH-level disruption [16], 
and probably in an increased probability of pathogen 
passage to the intestines [17]. The effect of PPI pre-
scriptions on this probability may therefore be smaller 
than in younger age groups. Thirdly, the model pre-
dictions for 2012, based on covariate data for 2012, 
suggested a trend break, which was confirmed by sur-
veillance data. Lastly, the current study estimated that 
8% of the reported campylobacteriosis cases in 2004 
were caused by PPI prescriptions. Our estimate for 
2004 is similar to the estimated population-attributa-
ble fraction for PPI use of 8% in an independent case–
control study on Campylobacter in the Netherlands that 
was based on data collected in 2003 at the individual 
level [5].

Table 
Negative binomial regression analysis for association of 
factors with the reported campylobacteriosis incidence, 
the Netherlands, 2004–2011

Variable Class
IRR

p value
Most likely 95% CI

Age (years)

0–25 1.00 -

<0.0001
26–50 0.65 0.57–0.74

51–70 0.59 0.51–0.67

≥71 0.56 0.48–0.65

PPI per capitaa 
(per unit 
increase)

0–25 2.14 0.99–4.64

<0.0001
26–50 1.81 1.24–2.65

51–70 1.69 1.46–1.97

≥71 1.33 1.20–1.47
Frozen chicken 
purchase

Per 106 kg 
increase 0.95 0.92–0.98 0.0032

CI: confidence interval; PPI: proton pump inhibitor; IRR: incidence 
rate ratio.

a The effect of PPI-prescriptions on the incidence was modified by 
age (p=0.04).
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The findings in the current study are similar to those 
obtained by Strachan et al. [18] for Scotland. These 
authors found a consistent association between 
reported campylobacteriosis cases and PPI use 
between 1990 and 2011. The attributable fraction was 
largest for those aged over 65 years, reaching more 
than 30% in the period 2007 to 2011, which is compa-
rable to our average estimate of ca 35% in that period. 
Brophy et al. [19] recently showed an increased risk of 
PPI use for acquiring campylobacteriosis (hazard ratio 
1.5) at individual level. However, they also showed that 
this risk was low compared to the demographic pro-
file of individuals observed in the cohort. The authors 
concluded that there was no evidence that PPI use 
led to an increase in diagnosed infections, but rather 
that these other factors did. The cohort in Brophy et 
al. [19] comprised mainly persons from our two oldest 
age groups (average age: 58 years), the age groups for 
which we estimated the effect of PPI use to be smaller 
compared with younger ages. Mimicking their calcu-
lation methodology by dividing our counterfactual 
incidence rate (i.e. no PPI prescription) among those 
older than 50 years by the reported rate, we obtained 
similar hazard ratios ranging from 1.3 to 1.7 depend-
ing on the year. In our study, it was the combination 
of the volume of PPI prescriptions per age group and 
the increased risk, albeit smaller in the elderly, that 

resulted in the estimated impact of PPI use on campy-
lobacteriosis incidence at population level. In addition, 
the sudden trend break in 2012 at population level in 
the Netherlands is not easily explained completely by 
a change in factors related to the demographic profile 
of those being prescribed PPIs, as these factors are 
generally not as dynamic as drug use. Thus, our data 
do not conflict with the results from Brophy et al. [19], 
but support the hypothesis that PPI use results in an 
increased campylobacteriosis risk at population level.

The change in purchases of fresh chicken fillet during 
the study period, corrected or not for the prevalence 
of Campylobacter contamination in retail stores, was 
not associated with reported campylobacteriosis case 
numbers. However, changes in the consumption of fro-
zen chicken were related to the increasing number of 
campylobacteriosis cases. No statistical correlation 
existed between purchases of fresh vs frozen meat at 
population level (data not shown), suggesting that an 
increase in purchases of frozen chicken was not asso-
ciated with a decrease in purchase of fresh chicken 
fillet. Freezing of chicken fillet has been suggested 
to reduce contamination levels, and hence the risk of 
infection, in other studies [20], and this effect may also 
have influenced our findings. Alternatively, increases 
in the consumption of frozen chicken may represent a 

Figure 2
Effect of the number of prescribed proton pump inhibitors per capita per age group on the campylobacteriosis incidence, 
the Netherlands, 2004–2011

PPI: proton pump inhibitor.
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reduction in other risk-increasing food-related expo-
sures, as suggested previously [5]. The fact that the 
consumption of fresh chicken fillet was not associated 
with the incidence of campylobacteriosis may be due 
to several factors modulate the representativeness of 
chicken fillet purchases as proxy for chicken fillet as 
risk factor. These include variations in the numbers of 
Campylobacter on individual fillets or changes in anti-
genic types that limit the protective effects of acquired 
immunity. Chicken fillet consumption was associated 
with increased campylobacteriosis risk in a previous 
study in the Netherlands [5].

Annual reports of the SFK are based on records for PPIs 
prescribed by general practitioners and physicians 
and dispensed by pharmacies. PPIs that are obtained 
over the counter in the Netherlands are not included 
in these reports. If the proportion obtained over the 
counter was negligible, or the ratio was similar in all 
study years, then the effect of disregarding the use of 
non-prescribed PPIs on our estimates was probably 
minimal. This proportion may, however, be sensitive 
to changes in refund policies of health insurance com-
panies. For instance, refund policies changed in 2012, 
which is likely to have caused an abrupt decrease in 
PPIs prescribed at pharmacies. This may have led to an 
increase in over-the-counter sales, but data to examine 
such changes were unavailable.

In conclusion, we found a potential association 
between increasing PPI prescriptions and increasing 
campylobacteriosis incidence. The effect of PPI pre-
scriptions on incidence was age-dependent and largest 
for the youngest age group, but the oldest age group 
contributed most to the overall incidence because they 
had the largest share of PPI prescriptions. In addition 
to the beneficial health effects of PPIs, this ecologi-
cal study suggests a substantial impact of PPI use on 
the campylobacteriosis incidence in the Netherlands. 
Comparison with other countries with a different his-
tory of PPI prescriptions and campylobacteriosis trends 
may add to the understanding of the role of these drugs 
in the incidence at population level. Furthermore, a 
risk-benefit analysis, based on a prospective, individ-
ual-based study design, could provide insight in the 
net health benefit of PPI use and could inform a review 
of current prescription guidelines. Such a study should 
also include gastrointestinal pathogens other than 
Campylobacter spp. for which a similar effect can be 
expected [4]. While waiting for such results to become 
available, however, critical evaluation of current pre-
scription policies is indicated. Furthermore, our study 
suggests that PPI users should be added to the sus-
ceptible groups targeted for specific food safety infor-
mation and stresses the need for effective food safety 
management in the light of an increasing number of 
vulnerable consumers.
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Leptospirosis and haemorrhagic fever with renal syn-
drome (HFRS) are hard to distinguish clinically since 
these two important rodent-borne zoonoses share 
hallmark symptoms such as renal failure and haemor-
rhage. Leptospirosis is caused by infection with a spi-
rochete while HFRS is the result of an infection with 
certain hantaviruses. Both diseases are relatively rare 
in the Netherlands. Increased incidence of HFRS has 
been observed since 2007 in countries that border the 
Netherlands. Since a similar rise in incidence has not 
been registered in the Netherlands, we hypothesise 
that due to overlapping clinical manifestations, han-
tavirus infections may be confused with leptospiro-
sis, leading to underdiagnosis. Therefore, we tested a 
cohort of non-travelling Dutch patients with symptoms 
compatible with leptospirosis, but with a negative 
diagnosis, during 2010 and from April to November 
2011. Sera were screened with pan-hantavirus IgG and 
IgM enzyme-linked immunosorbent assays (ELISAs). 
Sera with IgM reactivity were tested by immunofluo-
rescence assay (IFA). ELISA (IgM positive) and IFA 
results were confirmed using focus reduction neu-
tralisation tests (FRNTs). We found hantavirus-specific 
IgG and/or IgM antibodies in 4.3% (11/255) of samples 
taken in 2010 and in 4.1% (6/146) of the samples dur-
ing the 2011 period. After FRNT confirmation, seven 
patients were classed as having acute Puumala virus 
infections. A review of hantavirus diagnostic requests 
revealed that at least three of the seven confirmed 
acute cases as well as seven probable acute cases of 
hantavirus infection were missed in the Netherlands 
during the study period.  

Introduction
Hantaviruses, negative-stranded RNA viruses belong-
ing to the Bunyaviridae family, can cause severe dis-
ease in humans. Depending on the type of hantavirus, 
either haemorrhagic fever with renal syndrome (HFRS) 
or hantavirus cardiopulmonary syndrome may occur 
after inhalation of virus-containing aerosols [1]. HFRS 
is characterised by acute renal failure, fever (above 
38.5 °C) and potentially accompanied by severe bleed-
ing complications [2]; it is a notifiable disease in the 
Netherlands. HFRS cases are found in large parts 
of Europe and Asia [3]. Pathogenic hantaviruses are 
rodent-borne and each of these viruses are spread by 
a specific rodent species. For the HFRS-causing hanta-
viruses, these include Apodemus, Myodes, Rattus and 
possibly Microtus species [4,5]. The causative agent 
of HFRS known to be endemic in the Netherlands is 
Puumala virus (PUUV), which is spread by its chroni-
cally infected reservoir, the bank vole (Myodes glare-
olus) [6]. Symptomatic cases of PUUV infection may 
develop mild HFRS, often referred to as nephropathia 
epidemica. Recent reports describe PUUV infections 
with a broader clinical spectrum, ranging from mild 
febrile cases, without renal impairment or haemor-
rhage, to severe respiratory manifestations without 
any signs of renal involvement [7,8]. Historically, the 
occurrence of PUUV infection in the Netherlands has 
been restricted to the eastern and southern parts of the 
country, with an incidence of 25–30 cases reported per 
year (approximately 0.04–0.18 cases per 100,000 pop-
ulation) [9]. Since 2007, several studies have described 
an increase in the number of human PUUV infections in 
neighbouring countries at the eastern (Germany) and 
southern borders (Belgium) [10-12]. To date, a similar 
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increase in the number of human PUUV infections has 
not been observed in the Netherlands.

In the early 1990s, Groen et al. tested 8,892 sera 
obtained in the Netherlands from different risk groups, 
such as renal disease patients, and subjects from 
suspected occupational risk groups, such as forestry 
workers and military personnel, for the presence of 
hantavirus antibodies [13]. The highest prevalence (up 
to 6%) was seen in participants with known occupa-
tional risk factors associated with increased rodent 
exposure [13,14]. Data (which are as yet unpublished 
but a summary of the main results is available) from 
a large serum bank study in the Netherlands that 
started in 2006 showed a hantavirus seroprevalence, 
in a cross-sectional population based study, of 1.7% 
[15]. Given that 70–80% of PUUV infections are asymp-
tomatic and that only 5–10% of symptomatic patients 
will probably seek medical attention [16], the 25–30 
cases reported every year in the Netherlands (with a 
population of 16.8 million [17]) are indicative of poten-
tial underdiagnosis of hantavirus infections [4,5]. In 
2011, we described a case report of a patient with 
nephropathia epidemica diagnosed outside the area 
known to be endemic for hantavirus circulation in the 
Netherlands, Overijssel  [18]. Although the patient had 
visited a known PUUV-endemic area, this information 
in the patient history did not result in rapid diagnosis 
of the cause of the disease, illustrating unawareness of 
hantavirus infections.

Leptospira, a genus of helical-shaped bacteria, forms 
another important group of causative agents of rodent-
borne haemorrhagic fever in the Netherlands [19]. 
Pathogenic Leptospira cause leptospirosis, which 
shares many clinical manifestations with HFRS, such as 
renal failure, thrombocytopenia and potential bleeding 
complications [3]. Interestingly, two studies, from Italy 
and Sri Lanka, showed an increased hantavirus sero-
prevalence in patients suspected of having leptospiro-
sis. Compared with control groups consisting of office 
personnel or healthy blood donors, the number of con-
firmed cases of hantavirus infection was significantly 
higher among those who were clinically suspected, by 
a clinician, of having leptospirosis [20,21]. Groen et al. 
reported a hantavirus seroprevalence of about 1% in 
patients suspected of having acute leptospirosis in the 
Netherlands in samples collected between 1972 and 
1994 [13]. The actual prevalence of confirmed acute 
leptospirosis was slightly higher (3%) [13].

In the Netherlands, a relatively low number of lepto-
spirosis cases are registered annually, as are HFRS 
cases, with a reported incidence of 0.25 leptospiro-
sis cases/100,000 population [19]. To investigate the 
putative underdiagnosis of hantavirus infection in 
symptomatic patients, we tested a cohort of leptospi-
rosis-suspected, but confirmed-negative, patients with 
no travel history for the previous three months, for 
the presence of hantavirus-specific antibodies, using 
a two-step strategy: pan-hantavirus enzyme-linked 

Figure 1
Design, inclusion criteria and confirmatory steps of the 
hanta hunting study, the Netherlands, 2010 and April–
November 2011

+	 Positive test result
−	 Negative test result

OD: optical density (an OD of >1.10 was regarded as positive, 
between ≥0.90 and ≤1.10 as equivocal and <0.90 as negative); 
ELISA: enzyme-linked immunosorbent assay; FRNT: focus 
reduction neutralisation test; HNTV: Hantaan virus; IFA: 
immunofluorescence assay; PUUV: Puumala virus.

The rationale for the chosen period was an overall increase in 
hantavirus activity in countries neighbouring the Netherlands 
(Germany and Belgium) (January–December 2010) [4] and the 
known season of PUUV activity in northern and western Europe 
(April–November 2011) [26].
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immunosorbent assays (ELISAs) followed by two sepa-
rate immunofluorescence assays (IFA): one to detect 
PUUV serogroup antibodies and one to detect  Hantaan 
virus (HNTV) serogroup antibodies (HNTV was used as 
it belongs to the same serogroup as Seoul hantavirus 
(SEOV). Recent evidence indicates the circulation of 
SEOV in Europe [22-24], spread by Rattus norvegicus, 
which is also a well-known carrier of Leptospira [3]).  To 
confirm the ELISA and IFA results, focus reduction neu-
tralisation tests (FRNTs) were used, the gold standard 
technique in hantavirus serology. All IFA IgM-positive 
sera were tested in the FRNT with PUUV virus. In addi-
tion, because recent evidence indicates the circula-
tion of SEOV in Europe, we included SEOV, as well as 
Dobrava virus (DOBV), in the FRNT, although not the 
main aim of this study, to gain insight into the potential 
introduction of these viruses in the Netherlands.

Methods

Serum bank
Sera from non-travelling Dutch patients with a nega-
tive leptospirosis diagnosis – based on a microscopic 
agglutination test (MAT), ELISA and culture performed 
at the National Leptospirosis Reference laboratory 
(NRL) at the Royal Tropical Institute (KIT) in Amsterdam 
– were included in our study. A sample was deemed 
to be negative for leptospirosis if the patient did not 
meet the case definition for leptospirosis – i.e. the in-
house ELISA for leptospirosis was below the cut-off 
titre of 1:80 and the MAT showed no relevant titre of 
Leptospira-specfic antibodies (<1:160) [25]. The study 
cohort was taken from submissions of sera to the NRL 
in 2010, as a large increase in the number of PUUV 
infections in Germany and Belgium were observed 
that year [4]. In addition, we also included sera from 
patients meeting the above inclusion criteria that were 
received by the NRL during April to November 2011, 
the season for PUUV activity in northern and western 
Europe [26] (Figure 1).

As we were interested in patients who had pan-han-
tavirus IgM antibodies, we selected patients whose 
samples had been collected at least two days after 
symptom onset, up to four weeks (28 days) after 
symptom onset. All samples were heat inactivated (30 
minutes at 56 °C) and stored at −20 °C until testing. 
Requests for leptospirosis testing were accompanied 
by a standardised form with information about place 
of residence, travel history, presenting symptoms and 
occupation: these data were reviewed.

Hantavirus underdiagnosis was assessed by checking 
if testing for hantavirus was requested at either of the 
hantavirus diagnostic laboratories in the Netherlands 
(Erasmus MC in Rotterdam and RIVM in Bilthoven) 
for any of the pan-hantavirus ELISA-responsive sera 
(equivocal or positive result in an IgG or IgM ELISA).

Patients whose sera were responsive in any of the diag-
nostic tests were ranked by likelihood of hantavirus 

infection. Patients whose sera were positive in the IgM 
ELISA, IFA and FRNT were considered a confirmed case 
of acute hantavirus infection. If only the IgM ELISA was 
positive (or equivocal) and IFA was positive, the patient 
was considered a probable acute case.  If only the IgG 
ELISA was positive and therefore IFA was not per-
formed, but the FRNT was positive for PUUV, the patient 
was also considered a probable acute case. If only the 
IgM ELISA was positive or equivocal, the patient was 
considered not a case of hantavirus infection.

Enzyme-linked immunosorbent assay
Sera were screened using pan-hantavirus IgG and IgM 
DxSelect ELISAs (Focus Diagnostics). These ELISAs 
are used for testing a broad range of hantaviruses, 
although there are variations in sensitivity and speci-
ficity per specific hantavirus. According to the material 
supplied by the manufacturer, the IgM test has an over-
all sensitivity of 95.1% (83.5–99.4%) and a specificity 
of 94.1% (83.8–98.8%). The IgG test has comparable 
performance characteristics, with an overall specific-
ity of 95% (91.4–100%) and a sensitivity of 95% (75–
98%); both tests are compared with a reference ELISA 
by external investigators. For the Netherlands, the 
performance of these ELISAs in detecting antibodies 
to PUUV and, potentially, SEOV, is of importance. Data 
supplied by the manufacturer showed a sensitivity of 
70% (45.7–88.1%) in the IgM ELISA and 95% (83.2–
100%) in the IgG ELISA for PUUV-specific antibodies, as 
tested by FRNT. For SEOV FRNT-positive samples, the 
sensitivity was 50% (11.8–88.2%) in the IgM ELISA and 
95% (54.1–100%) in the IgG ELISA. 

An optical density (OD) of >1.10 was regarded as posi-
tive, between ≥0.90 and ≤1.10 as equivocal and <0.90 
as negative.

Immunofluorescence assay
ELISA IgM-positive or equivocal sera were tested in 
IFA by using commercial slides with PUUV- and HNTV-
infected cells (PROGEN Biotechnik). Only IgM-reactive 
samples were chosen as these are indicative of a 
recent infection, possibly related to the clinical symp-
toms that were the basis of the initial request for lep-
tospirosis testing. IFA was used because of its higher 
reported specificity and the possibility of being able 
to distinguish between PUUV- or HTNV-like serotype 
infections (manufacturer’s insert, PROGEN Biotechnik). 
Before testing, the sera were incubated with liver ace-
tone powder from calves (Sigma-Aldrich, Germany) 
to reduce background fluorescence. For the IgM test, 
the sera were pretreated with GullSORB (Meridian 
Bioscience Inc., United States) to reduce isotype com-
petition. Sera were serially diluted twofold starting at 
1:32 and incubated on the slides for 1 hour at 37 °C. 
After this step, the wells were incubated with either 
a fluorescein isothiocyanate (FITC)-labelled goat anti-
human IgG or IgM conjugate. Fluorescence was scored 
under an immunofluorescence microscope. The cut-off 
titre for a positive result was defined as the sample 
dilution for which specific fluorescence was greater 
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than the sample dilution for which specific fluores-
cence was just identifiable: in this study, it was >1:64.

Focus reduction neutralisation test
All samples positive in the pan-hantavirus IgM ELISA 
and PUUV IgM IFA were selected for FRNT confirmation 
(samples 4, 7, 10, 11, 12, 14, 19, 21 and 22).  We also 
selected two samples positive or equivocal in the pan-
hantavirus IgM ELISA and positive in the IgM HNTV IFA 
for FRNT (samples 5 and 6). In addition, eight samples 
that were positive in the IgM ELISA but negative in the 
IFAs were also selected for FRNT (samples 2, 3, 9, 13, 
15, 17, 18 and 20). As a fourth category, three samples 

that had not been included in the IFA analysis (as they 
were ELISA IgM negative), but that tested positive in 
the IgG ELISA (samples 1,8 and 16), were selected for 
FRNT confirmation.

FRNTs for DOBV strain Slovenia, SEOV strain 80-39 
and PUUV strain Kazaan were carried out as described 
elsewhere [27]. Diluted sera were mixed with an equal 
volume of diluted virus containing 30–70 focus-form-
ing units/100 µl. The serum end-concentration was 
1:40. The mixture was incubated at 37 °C for 1 hour 
and subsequently inoculated into wells of six-well tis-
sue culture plates containing confluent Vero E6 cell 

Table 1
Serological test results from samples selected for focus reduction neutralisation test confirmation of hantavirus infection, 
the Netherlands, 2010 and April–November 2011 (n=22)

Sample 
number

Date of 
sampling

ELISAa IFAb FRNTc Acute hantavirus 
infection

case statusIgM IgG PUUV
IgM

PUUV
IgG

HNTV
IgM

HNTV
IgG PUUV SEOV DOBV

PUUV IFA IgM positive
4 May 2010 POS POS 1:128 1:128 NEG 1:128 POS NEG NEG Confirmed

7 Jul 2010 POS POS 1:128 1:128 1:128 NEG POS NEG NEG Confirmed

10 Aug 2010 POS POS 1:128 1:128 NEG 1:128 POS NEG NEG Confirmed

11 Aug 2010 POS POS 1:128 1:128 NEG NEG POS NEG NEG Confirmed.

12 Aug 2010 POS Equi 1:128 1:128 NEG NEG POS NEG NEG Confirmed.

14 Aug 2010 POS NEG 1:128 1:128 NEG NEG NEG NEG NEG Probable

19 Jul 2011 POS POS 1:128 1:128 1:128 1:128 POS NEG NEG Confirmed

21 Sep 2011 POS NEG 1:128 1:128 NEG NEG NS NS NS Probable

22 Sep 2011 POS Equi 1:128 1:128 1:128 1:128 POS NEG NEG Confirmed

HNTV IFA IgM positive and ELISA IgM reactive

6 Jun 2010 POS POS NEG NEG 1:512 1:512 NEG NEG NEG Probable

5 Jun 2010 Equi NEG NEG NEG 1:128 NEG NEG NEG NEG Probable

ELISA IgM reactive and PUUV or HNTV IFA negative

2 Feb 2010 POS NEG NEG NEG NEG NEG NEG NEG NEG Not a case

3 Feb 2010 POS NEG NEG NEG NEG NEG NEG NEG NEG Not a case

13 Aug 2010 POS NEG NEG NEG NEG NEG NEG NEG NEG Not a case

15 Oct 2010 POS NEG NEG NEG NEG NEG NEG NEG NEG Not a case

17 May 2011 POS NEG NEG NEG NEG NEG NEG NEG NEG Not a case

18 Jul 2011 POS POS NEG NEG NEG NEG NEG NEG NEG Not a case

20 Aug 2011 POS NEG NEG NEG NEG NEG NEG NEG NEG Not a case

9 Jul 2010 Equi POS NEG NEG NEG NEG NS NS NS Not a case

Not tested by IFA (as ELISA IgM negative), but ELISA IgG positive

1 Feb 2010 NEG POS NT NT NT NT POS NEG NEG Probabled

8 Jul 2010 NEG POS NT NT NT NT POS NEG NEG Probabled

16 Apr 2011 NEG POS NT NT NT NT POS NEG NEG Probabled

DOBV: Dobrava virus; ELISA: enzyme-linked immunosorbent assay; Equi: equivocal; FRNT:  focus reduction neutralisation test; HTNV G: 
Hantaan virus; IFA: immunofluorescence assay; NEG: negative; NS: insufficient amount of serum; NT: not tested in IFA (samples not 
responsive in the IgM ELISA were not tested by IFA); POS: positive; PUUV: Puumala virus; SEOV: Seoul virus.

a 	 ELISA results were scored as positive if OD >1.10,equivocal if between ≥0.90 and ≤1.10  and negative if <0.90. 
b 	 The IFA was scored positive when the reactive titres were >1:64. 
c 	 The FRNT was scored positive with a cut-off of 80% virus neutralisation. 
d 	 IgM antibodies were not detected in these samples, but as hantavirus infection was confirmed by FRNT, the patients were still scored as 

probable acute hantavirus cases. 
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monolayers. The wells were overlaid with a mixture of 
agarose and tissue culture medium and incubated for 
7–13 days. The agarose was removed from the wells 
and the cells were fixed. For PUUV-infected cells, 
polyclonal macaque serum [28] was used as the pri-
mary antibody and the monoclonal antibody 1C12 for 
DOBV- and SEOV-infected cells as described elsewhere 
[29]. This step was followed by adding peroxidase-
labelled goat-anti-human IgG for the macaque serum 
and goat-anti-mouse IgG for the 1C12 monoclonal 
antibody to the cells, to indicate virus-infected cells. 
Tetramethylbenzidine was used as substrate and foci 
were counted. An 80% reduction in the number of foci, 
compared with the virus control, was used as the crite-
rion for virus neutralisation titres.

Review of hantavirus diagnostic requests 
carried out during suspicion of leptospirosis at 
the time of sampling
All samples responsive in the IgM and/or IgG pan-han-
tavirus ELISA were checked for patient-specific charac-
teristics (sex and date of birth). The combination of sex 
and date of birth was checked in the databases of the 
hantavirus diagnostic laboratories in the Netherlands. 
If the sample combination matched the information 
from the database and the diagnostic request was 
made in 2010 or 2011, the patient was scored as hav-
ing been adequately diagnosed for hantavirus disease 
during the onset of their symptoms. If the sex and date 
of birth combination could not be found in the data-
bases, but the patient’s sample was reactive in any of 
our tests, the case was scored as a missed probable or 
confirmed hantavirus case, as described in the serum 
bank section above.  

Ethical issues
This study was exempted from ethical review of 
human subject research by the Medical Ethical 
Review Committee of the Erasmus MC Medical Centre, 
University of Rotterdam. All data have been anonymised 
and are not attributable to individual patients.

Results

Enzyme-linked immunosorbent assay and 
immunofluorescence assay serology
Of the 1,262 samples received for leptospirosis diag-
nostic testing during January– December 2010 and 
April–November 2011, 861 were excluded, as the 
patients did not meet the inclusion criteria of our study.

All selected and available sera (n=401) were tested by 
pan-hantavirus ELISAs. Overall, the IgG ELISA resulted 
in 18 positive and 13 equivocal samples. The IgM test-
ing resulted in 17 positive and 10 equivocal samples. 
A total of 11 samples reacted in both the IgG and IgM 
ELISAs, bringing the total number of samples that 
responded in both ELISAs to 47, i.e. 11.7% of the 401 
samples (4.3% (11/255) of samples taken in 2010 and 
4.1% (6/146) of the samples taken in 2011).

Subsequently, the 27 samples with a positive or equiv-
ocal response in the IgM ELISA were tested using both 
PUUV and HTNV IFAs. In total, nine of the 27 IgM ELISA-
responsive samples tested positive for both PUUV IgM 
and IgG by IFA.

Interestingly, two serum samples were positive in 
the HTNV IFA, but negative in the PUUV IFA, despite 
repeated PUUV testing. One of the HTNV-positive sam-
ples tested positive for both HNTV IgG and IgM with 
titres of 1:512; the other sample was positive only for 
HNTV IgM, with a titre of 1:128.

Confirmation by focus reduction neutralisation 
test
FRNT was performed on eight of the nine sera with a 
positive IgM response in the PUUV IFA (there was an 
insufficient amount of serum in the ninth sample). It 
confirmed that seven of the eight samples tested were 
from patients with recent PUUV infections (samples 4, 
7, 10, 11, 12, 19 and 22) (Table 1).

We also tested the two sera with an HNTV IgM-positive 
IFA and a positive or equivocal ELISA IgM response 
(samples 5 and 6): both sera were negative by FRNT.

To test if cases had been missed due to lack of sensi-
tivity of the IFAs, we selected eight samples, of which 
seven samples had enough serum left for FRNT, with 
only IgM reactivity in the ELISAs and a negative PUUV 
or HNTV IFA (samples 2, 3, 13, 15, 17, 18 and 20): all 
seven samples were negative by FRNT.

We also selected three samples that had not been 
included in the IFA analysis (as they were ELISA IgM 
negative), but that tested positive in the IgG ELISA 
(Cases 1,8 and 16). These samples were tested by 
FRNT because there was a high degree of suspicion of 
PUUV infection based on the application form for lep-
tospirosis diagnostic request sent by the clinician (e.g. 
recorded renal failure and possible rodent exposure). 
All three patients had a long duration of their com-
plaints (more than three weeks since symptom onset, 
making it possible that hantavirus disease, without 
the detection of IgM antibodies, was the cause of their 
symptoms. All three were positive in the PUUV FRNT.

Thus in total, FRNT for PUUV, SEOV and DOBV was per-
formed on 20 of the 22 selected samples, due to an 
insufficient amount of serum in two samples. Of the 20 
serum samples tested, 10 were confirmed as PUUV pos-
itive, seven of which were considered due to a recent 
infection, based on the presence of IgM antibodies.

Patient characteristics and registered clinical 
signs and symptoms in confirmed cases
Because of the retrospective nature of our study, we 
could confirm if patients had been adequately tested 
for hantavirus infection during their disease course or 
if the patient was a missed case of PUUV infection. Of 
the 27 samples with at least an equivocal response in 
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the IgM ELISA in our study, which would necessitate 
further testing of a follow-up serum sample, four were 
adequately tested by routine serology for hantavirus 
infection at diagnostic centres at the time of sampling 
during suspicion of leptospirosis (samples 4, 10, 11 and 
12).

The two samples that were responsive in the ELISAs 
and HNTV IFA, but not in FRNT (samples 5 and 6), were 
not tested for hantavirus antibodies by ELISA or IFA at 
the time the patients were sampled.

All available information from retroactively determined 
probable or confirmed cases of hantavirus infection 
that were not tested for hantavirus infection during 
suspicion of leptospirosis at the time of sampling is 
shown in Table 2. In general, most of the cases were 
in the eastern parts of the Netherlands. Newly recog-
nised areas with confirmed cases were in the north-
ern province of Groningen and the western province 

of Zuid-Holland. The missed confirmed and probable 
cases of hantavirus infection are shown in Figure 2 
according to the location of sampling, ranked by like-
lihood of hantavirus infection, with the highest level 
of evidence being that of a sample with a positive 
response in the IgM ELISA confirmed by IFA (IgM and 
IgG) tests and a positive FRNT result.

Discussion
In the samples tested, a positive response of hantavi-
rus IgM antibodies in the ELISA was observed in 4.3% 
(11/255) of samples taken in 2010 and 4.1% (6/146) of 
the samples taken in 2011. When including samples 
with an equivocal ELISA result, the overall percentage 
with an IgM response was 6.7% (27/401). Confirmation 
with IFA IgM resulted in a 2.7% (11/401) seropositivity in 
the cohort. Of these 11 samples, seven were confirmed 
by FRNT, corresponding to an overall seropositivity 
in the cohort of almost 2%. However, this percentage 
could very well be an underestimation. For instance, 

Table 2
Information on cases of hantavirus infection undiagnosed at time of sampling during suspicion of leptospirosis, the 
Netherlands, 2010 and April–November 2011

Sample 
number

Date of 
request for 

leptospirosis 
testing

Sex
Age group 

in years State
Information at time 

of request for 
leptospirosis testing 

Retroactive hantavirus diagnostic 
test results

Acute 
hantavirus 
infection

case statusELISAa IFAb FRNTc

16 Apr 2011 M 20–24 Overijssel Acute kidney failure and 
hepatitis IgG + NT PUUV + Probable

1 Feb 2010 M 20–24 Overijssel Prolonged severe 
disease IgG + NT PUUV + Probable

8 Jul 2010 M 10–14 Groningen
Contact with soil water 

and potential rodent 
exposure

IgM Equi 
IgG + 

PUUV −
HNTV − PUUV + Probable

21 Sep 2011 F 25–30 Overijssel Icteric; non-responsive
to antibiotics IgM + PUUV IgM + NS Probable

14 Aug 2010 F 20–24 Zuid-Holland No additional 
information IgM + PUUV IgM + All − Probable

5 Jun 2010 M 20–24 Limburg No additional 
information IgM + HNTV IgM + All − Probable

6 Jun 2010 M 25–30 Gelderland
Emergency hospital 

admission,  
to an intensive-care unit

IgM + 
IgG +

HNTV IgM + 
HNTV IgG + All − Probable

22 Sep 2011 M 45–49 Gelderland Clinical picture not 
understood

IgM + 
IgG +

PUUV IgM + 
PUUV IgG + PUUV + Confirmed

19 Jul 2011 M 50–54 Groningen Extreme tiredness, fever
and diarrhoea

IgM + 
IgG +

PUUV IgM + 
PUUV IgG + PUUV + Confirmed

7 Jul 2010 M 35–39 Noord-Brabant
Severe disease with high 

fever and emergency 
hospital admission

IgM + 
IgG +

PUUV IgM + 
PUUV IgG + PUUV + Confirmed

+	 Positive test result
−	 Negative test result

DOBV: Dobrava virus; ELISA: Enzyme-linked immunosorbent assay; EQUI: equivocal; F: female; FRNT: focus reduction neutralisation test; 
HNTV: Hantaan virus; IFA: immunofluorescence assay; M: male; NS: insufficient amount of serum; NT: not tested in IFA (samples not 
responsive in the IgM ELISA were not tested by IFA); PUUV: Puumala virus; SEOV: Seoul virus. 

a ELISAs for pan-hantavirus IgM and IgG antibodies were used. 
b For IFA, both PUUV and HNTV sergroups were used.
c For FRNT, PUUV, SEOV and DOBV were used.
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one sample could not be confirmed by FRNT due to 
a lack of available serum after ELISA and IFA screen-
ing. It is conceivable that in our cohort of symptomatic 
patients, of the seven confirmed hantavirus diagnoses, 
at least three cases were not adequately diagnosed at 
the time of disease (Cases 7, 19 and 22). The other four 
confirmed cases were found in the databases of the 
hantavirus diagnostic centres in the Netherlands, and 
thus were adequately diagnosed at the time of disease.  
We also identified seven probable cases of acute han-
tavirus infection: we consider that hantavirus infection 
was a highly plausible explanation for their symptoms, 
but either FRNT confirmation was not performed due 
to the lack of serum or the presence of IgM antibod-
ies (confirming acute infection) could not be proved by 
ELISA and IFA.

All samples confirmed by FRNT (n=10) only showed 
PUUV-neutralising activity. The vector of this hantavi-
rus is Myodes glareoulus (bank vole), a small, reddish 
rodent that inhabits large parts of the Netherlands, 
solely in grasslands and forests [9]. Case 6, with high 
OD values in IgM and IgG ELISA screening and a posi-
tive HNTV IFA, did not neutralise PUUV, DOBV or SEOV.

This study revealed a high seroprevalence of about 2% 
of hantavirus antibodies in a cohort of leptospirosis-
suspected patients who tested negative for leptospi-
rosis. Leptospirosis in the Netherlands may be either 
endemic or imported [19]. In our cohort, travel history 
was well documented and hence we consider it quite 
certain that the patients we studied contracted hanta-
viruses in the Netherlands.

Figure 2
Distribution of probable and confirmed cases of hantavirus infection in the Netherlands, 2010 and April–November 2011 
(n=14)

The star marks the capital, Amsterdam.

This figure shows the probable and confirmed cases of acute hantavirus infection in the Netherlands and if they were adequately diagnosed 
during their illness or if these were ‘missed’ cases. The cases are ranked by likelihood of hantavirus infection. A confirmed case of acute 
hantavirus infection being that of a positive IgG and IgM response in both pan-hantavirus enzyme-linked immunosorbent assay (ELISA) 
and immunofluoresence assay (IFA) and a positive result in the focus reduction neutralisation test (FRNT). A probable case is strongly 
suggestive of an acute case of hantavirus based on ELISA, IFA or FRNT results, but either the FRNT was negative or we were unable to show 
the presence of IgM antibodies.
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This cohort also gave us the opportunity to study the 
circulation of hantaviruses other than PUUV in The 
Netherlands. It is important to monitor this, since 
evidence is mounting of an increase in the number of 
SEOV infections in Europe and worldwide, with a recent 
case reported in the United Kingdom [30]. However, in 
the samples tested from the Netherlands, the SEOV 
FRNT was negative. Results were also not indicative for 
infections with DOBV, which is vectored by the yellow-
necked mouse (Apodemus flavicollis). It is possible 
that the ELISA and IFA results in samples 5 and 6 were 
false positives. The specificity of the ELISA and IFA is 
below 100%, resulting in a (small) chance of cross-
reactivity. Test specifications of the ELISA test showed 
no known cross-reactive pathogens, but this presump-
tion is based on results from very small serum cohorts 
(manufacturer’s insert). Although SEOV and DOBV have 
been excluded as the causative agents in our study, 
the remaining hantaviruses in the HNTV serogroup are 
vectored by reservoir species not known to be present 
in the Netherlands.  Thus, while we cannot rule out the 
possibility that other hantaviruses from the HNTV sero-
group caused the disease in patients from whom sam-
ples 5 and 6 were obtained, with no travel history, this 
remains highly unlikely.

Our results show quite a large discrepancy between 
the initial ELISA screening, followed by IFA analysis and 
eventual gold standard FRNT confirmation. Samples 
that tested positive only in the IgM ELISA (n=7) were 
not confirmed positive by FRNT.  In most cases (7/9), a 
positive response in the IgM pan-hantavirus ELISA in 
combination with a positive result in the PUUV IgM IFA 
was later confirmed by FRNT (sample 14 tested nega-
tive in the FRNT and sample 21 could not be tested). 
Therefore, we underline the importance of FRNT vali-
dation in epidemiological studies before drawing any 
major conclusions, particularly since hantavirus serol-
ogy is highly prone to giving false-positive results [31].

Acute leptospirosis and HFRS share many clinical 
manifestations and certain epidemiological features. 
Exposure to rodents is a known risk factor for both 
diseases. Hallmark symptoms in both HFRS and lepto-
spirosis include kidney failure. Two of the four cases 
who were diagnosed at the time of their disease course 
had documented kidney disorders (data not shown). 
However, of the 10 cases who were not diagnosed, only 
one (sample 16) had documented kidney failure. Of the 
other nine undiagnosed cases, one was described as 
having ‘high fever’ (sample 7), two as having ‘severe 
disease’ (samples 1 and 7) and one as ‘clinical picture 
not understood’ (sample 22): the fact that these cases 
were undiagnosed in the Netherlands during their dis-
ease course could be due to a potential lack of typi-
cal presenting symptoms for hantavirus disease in the 
Netherlands, meaning the absence of kidney failure.  
Hepatic involvement, often present in leptospirosis – 
one of the classic triads in Weil’s disease [3] – could 
lead a clinician to think of leptospirosis, while not 

considering PUUV infection: this would have applied to 
the patient with hepatitis (sample 16), a probable case 
of acute hantavirus infection in our study. Atypical 
presentation of HFRS, as seen in some of the cases 
listed in Table 2 (samples 21 and 19), has been the sub-
ject of several recent case reports [7,32,33]. However, 
unawareness and/or lack of clinicians’ knowledge of 
how to recognise hantavirus disease could also be a 
reason for underdiagnosis.

Cases may also be underdiagnosed if the patients 
are outside the hantavirus-endemic area in the 
Netherlands. Such cases might not be identified due to 
the low, but clinically important number of infections, 
resulting in lack of awareness of the clinicians in these 
areas. If we compare the distribution of the previously 
undiagnosed cases in our cohort with the earlier sero-
logical data, for instance, data published by Groen et 
al. [14], 7 of 10 cases of hantavirus infection not tested 
at the time of sampling for hantavirus disease (listed 
in Table 2) were from outside the known endemic area. 
Our conclusions regarding underdiagnosis are sup-
ported by a recent study showing 1.7% hantavirus 
seroprevalence in the Dutch population, which should 
lead to more symptomatic cases than the 25–30 cases 
reported annually [15].

In this relatively small cohort with specific clinical 
indications for leptospirosis diagnostics, we have 
shown the presence of undiagnosed hantavirus cases. 
Leptospirosis itself is potentially an often-missed diag-
nosis in the Netherlands, due to unawareness [19]. 
It is conceivable that physicians, who do not include 
leptospirosis in their differential diagnosis, are even 
less aware of the possibility of hantavirus infections. 
Vice versa, it cannot be excluded that clinicians who 
are aware of hantavirus infections might miss poten-
tial leptospirosis. This hypothesis could be validated 
by performing larger-scale serological studies with 
broader cohorts, comprising patients who are sus-
pected of having leptospirosis or hantavirus infection.

On the basis of the results in this paper, we feel it is 
important to increase awareness of hantavirus infec-
tion in the Netherlands. The increased incidence of 
hantavirus infections in Europe in recent years makes 
this even more important. This increase is affected by 
a multitude of factors. Some, such as changes in land-
scape architecture (e.g. (de)forestation, fragmentation 
of land by motorways, railways and agriculture and 
available burrow space) and increased food availability 
for the rodent reservoirs, are beneficial for the spread 
of hantaviruses [12]. The introduction or discovery of 
new hantavirus strains in Europe has been documented 
[23] and presents another major concern, necessitating 
epidemiological monitoring of vectors and patients. We 
advise that hantavirus and leptospirosis diagnostics 
should be considered for every patient with an undiffer-
entiated fever in any area with potential rodent-borne 
infections, including typing of the causative agents if 
the results are positive.
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By decreasing the unnecessary use of antibiotics [34] 
and providing clinicians with an accurate prediction of 
the disease course and a choice of adequate biomark-
ers of disease severity [3], the identification of hanta-
virus infections might have a limited, but important, 
clinical importance. Furthermore, adequately diagnos-
ing and typing hantavirus infections is of major pub-
lic health importance in order to correctly identify and 
educate risk groups and to design tailor-made preven-
tion programmes, such as rodent-control programmes 
and changes to landscape architecture. 
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The World Health Organization (WHO) published a 
handbook on the analysis of tuberculosis (TB) sur-
veillance data with the title ’Understanding and using 
tuberculosis data’ on 13 August 2014 [1].

The handbook which is available for free, has been 
developed by the WHO Global Task Force on TB Impact 
Measurement, as part of its mission to help strengthen 
TB surveillance through the use of data and subse-
quent improvement of its quality.

Country health information and registration systems 
often provide a rich source of data on the burden of 
disease caused by TB and the effectiveness of pro-
grammatic efforts to reduce this burden.  However, the 
available data are often underused, or not used at all. 
At least in part, this may be a result of the lack of clear 
guidance on recommended approaches to the analysis 
of such data.

The handbook is designed to address this gap through 
detailed practical examples of the analysis of TB sur-
veillance data, in particular TB notification data, data 
from surveillance of anti-TB drug resistance, and mor-
tality data compiled in national vital registration sys-
tems. It starts from the most basic kinds of analyses, 
and progresses to the description of more challenging 
topics such as the estimation of disease burden using 
multiple sources of evidence, including data from spe-
cial surveys.

Analysis of these data can help programme managers 
and other staff to track the level of and trends in TB 
disease burden, detect outbreaks of disease and iden-
tify ways to improve existing TB prevention, diagnostic 
and treatment services. 
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