
Legionnaires’ disease (LD) is pneumonia caused 
by infection with Legionella spp. bacteria (1). Le-

gionellae can be found in water and soil in natural 
environments or in water installations, such as tap 
water, cooling towers, or wastewater treatment 
plants (2–4). If water from those systems or small soil 
particles containing Legionella spp. bacteria are aero-
solized, the aerosols can be inhaled and subsequently 
cause disease. More than 60 different Legionella spe-
cies have been identified, half of which are known to 
be pathogenic (5,6). In most countries, including the 

Netherlands, LD is primarily caused by L. pneumoph-
ila, of which serogroup 1 (SG1) is detected most often 
in patients (7,8).

LD is a notifiable disease in the Netherlands, and 
LD incidence has been increasing in the Netherlands 
and in Europe. In 2023, LD incidence reached a peak 
of 5.0 notifications/100,000 inhabitants in the Neth-
erlands and 3.2 notifications/100,000 inhabitants in 
Europe (8). LD has a seasonal pattern that peaks in 
summer in most countries in Europe, including the 
Netherlands, likely because of favorable weather 
conditions for legionellae transmission from environ-
mental sources (7,8). 

In the Netherlands, most LD notifications are 
sporadic (i.e., not cluster or outbreak-related), and the 
source of infection, despite source tracing, remains 
unknown. In the Netherlands, only 1%–2% of LD 
cases have a source confirmed by a genotypic match 
between the patient’s isolate and an environmental 
isolate (7); showers and drinking water systems in pa-
tients’ homes are the most often sampled sources for 
LD cases, representing 31% of sampled sources dur-
ing 2013–2022 (7). However, on average, <1 case/year 
had a genotypic match to the home water system (7).

At the beginning of 2023, two small clusters of LD 
cases emerged within 2 residential apartment build-
ings in the Netherlands. Cluster 1 included 4 cases in 
1 building, and cluster 2 had 2 cases in another build-
ing. Because >1 LD case is rarely notified from a resi-
dential building, the unusual event of 2 clusters in a 
short period was reason for further investigation. 

For 1 case, a clinical isolate was available and 
typed as L. pneumophila SG1 sequence type (ST) 37. 
ST37 is not common in drinking water in the Nether-
lands and is not often identified among LD patients in 
the country (7). Environmental sampling in patients’ 
homes revealed ST37 in the hot water systems of 
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During 2022–2023, two small Legionnaires’ disease 
(LD) clusters (2 and 4 cases) occurred in 2 residential 
apartment buildings in the Netherlands. All case-patients 
recently installed a new brand A water heater. Environ-
mental sampling revealed Legionella pneumophila sero-
group 1 sequence type 37 in the hot water system of 
each case-patient’s apartment, matching 1 clinical iso-
late. We conducted a case–control study to evaluate 
whether brand A water heaters were linked to cases in 
the 2 clusters. We identified 23 LD case-patients, 21 of 
whom had a brand A water heater installed <6 months 
before illness onset. Four cases had a genotypic match 
between clinical and environmental isolates; none of 31 
control-patients had recently installed a water heater. 
Analyses showed that LD cases were strongly associ-
ated with new brand A water heaters (OR 542 [95% CI 
24.76–11,854.03]); the manufacturer implemented con-
trol measures. Residential water heaters could serve as 
L. pneumophila transmission sources.
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case-patients in both buildings, which matched with 
1 clinical isolate. The concentration of L. pneumoph-
ila bacteria in most samples was 100–1,000 CFU/L, 
and it was detected in taps and shower hoses. At the 
building of cluster 1, the drinking water company, a 
certified water consultancy company, and the own-
ers’ association of the apartment building conducted 
an extensive examination of the building’s hot and 
cold water systems. No legionellae were detected in 
the water samples from plumbing entering the build-
ing or the cold water samples in the apartments, ex-
cept for 1 cold water sample from a mixed water tap. 
In addition, the building of cluster 2 was served by 
a different drinking water company; therefore, the 
drinking water supply was ruled out as the primary 
source. Furthermore, the drinking water company 
could not identify any incidents or repairs to the 
water supply that might have caused contamination 
from groundwater. 

In view of the short period (2.5 months) in 
which the patients fell ill and the age of the build-
ings (16 years), previously existing defects were 
unlikely to be the primary cause. The only recent 
change in the apartments that could explain the 
LD clusters was replacement of the water heaters 
in each apartment; all LD patients had installed a 
new water heater of the same brand (brand A) <3 
months before onset of illness. During the exami-
nation of the water system for cluster 1, cluster 2 
emerged in another building where the same brand 
A water heaters were installed <2 months before ill-
ness onset. Here, we describe a case–control study 
that we initiated to investigate whether more LD 
cases in the Netherlands were linked to newly in-
stalled brand A water heaters.

Methods
In the Netherlands, all laboratory-confirmed LD cas-
es are notifiable and reported by clinicians or medi-
cal microbiologists to the public health service (PHS). 
The PHS uses a structured questionnaire to conduct a 
source finding investigation and collects all relevant 
data, including demographic, diagnostic, underly-
ing conditions, smoking, travel history, and all pos-
sible locations, activities, or other potential sources 
of exposure in the 14 days before illness onset. Us-
ing those data, the PHS in collaboration with the 
National Reference Laboratory for Legionella (Legio-
nella Source Identification Unit) decides which water 
or soil samples should be collected from potential 
sources of infection. The reference laboratory collects 
and analyzes all samples, including genotyping of 
Legionella isolates.

Case Definitions and Epidemiologic Investigation
We initiated a case–control study at the beginning 
of 2023. All reported LD cases included in this study 
were laboratory-confirmed according to the 2018 Eu-
ropean Union/European Economic Area case defini-
tion (9). The PHS obtained production dates of the 
water heaters from the serial numbers. Because the 
water heaters implicated in the 2 LD clusters were all 
produced in 2022, we included LD patients reported 
from 2022 on; therefore, we retrospectively conduct-
ed some case and control finding. 

We defined cases as LD patients reported in the 
Netherlands during 2022–2023 who had L. pneumoph-
ila SG1 ST37 detected in a clinical isolate or in the 
water system of the patient’s home, which included 
the 6 cases from clusters 1 and 2. We defined controls 
as reported LD cases during 2021–2023 without L. 
pneumophila ST37 identified (i.e., a non-ST37 clinical 
isolate or no clinical isolate), for which the residen-
tial water system tested L. pneumophila ST37–negative 
or had low water temperature or a technical problem 
reported in the 14 days before onset of illness. We 
added the criteria on water heaters to obtain enough 
controls because we retrospectively selected controls 
and environmental sampling might not have been 
considered necessary at that time.

Water Heater Inquiries
For cases and controls, the PHS made additional in-
quiries about water heaters <6 months before illness 
onset. Those inquiries collected information on the 
brand and type, installation date, setting (e.g., tap wa-
ter temperature, ECO setting designed to save ener-
gy), and any issues or errors with the heater remem-
bered by the patient or by their legal representative in 
case the patient was unable to provide information.

Environmental Sampling and  
Microbiological Investigation
The reference laboratory collected environmental sam-
ples, then genotyped those samples and clinical iso-
lates by using sequence-based typing and compared 
against European Working Group for Legionella Infec-
tions sequence-based typing database (10). To increase 
typing resolution, we calculated molecular serogroups, 
multilocus sequence typing (MLST) STs, and 1,521 lo-
cus core genome MLST (cgMLST) complex types in 
Seqsphere+ software version 7.7.5 (Ridom, https://
www.ridom.de) by automated allele submission to the 
Legionella pneumophila cgMLST server (11,12). 

We used allelic profiles to calculate distance ma-
trices by using a Hamming distance and ignoring 
pairwise missing loci. We used the allelic profile out-
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put to create minimum-spanning neighbor-joining 
trees on the basis of 1,535 core genomes, including the 
7 housekeeping genes for sequence-based MLST typ-
ing and 1,521 genomes for cgMLST. For context, we 
added cgMLST results of 3 randomly selected clinical 
ST37 isolates (1 each from 2012, 2015, and 2019) to the 
minimum-spanning tree.

Statistical Analyses
We calculated odds ratios (ORs), SEs, and 95% CIs 
to measure the strength of the association between 
newly installed brand A water heaters and LD cases 
with a ST37 clinical isolate, environmental sample, or 
both. Because >1 cell frequency was 0, we applied a 
Haldane-Anscombe correction (i.e., addition of 0.5 to 
each cell of the 2 × 2 table) (13,14). As a sensitivity 
analysis, we calculated an OR assuming all controls 
with missing data on the water heating system had a 
newly installed brand A water heater.

Results

Identification of Cases and Controls
We identified 23 LD cases with an illness onset date 
during May 2022–August 2023 (Figure 1). The median 
age of case-patients was 76 years; 10 (43%) were male 
and 13 (57%) were female. All case-patients were hos-
pitalized, and 4 (17%) died. Underlying conditions 
were reported for 16 (70%) and smoking for 5 (22%) 
case-patients. All LD cases were diagnosed by urine 
antigen test, 2 were also diagnosed by PCR, and 8 had 
an ST37 clinical isolate available (Table).

We identified a total of 56 persons with illness on-
set during December 2021–May 2023. The PHS was 
able to collect information about the home water heat-
ers for 31 of those patients, which we included as con-
trols; 14 (45%) of them had reported technical problems 
with the water heater, and 17 (55%) had L. pneumophila 
ST37–negative home sampling. The median age of the 
31 control-patients was 70 years; 18 (58%) were male 
and 13 (42%) were female. Most (97%, 30/31) control-
patients were hospitalized, and 3 (10%) died. Under-
lying conditions were reported for 14 (45%) control-
patients and smoking was reported for 12 (39%). Most 
(28/31; 90%) control cases were diagnosed using urine 
antigen test, 3 (10%) were diagnosed with PCR, and 7 
(23%) had a clinical isolate available.

Environmental and Microbiological Investigation
Among the 23 case-patients, 21 (91%) had a brand A wa-
ter heater installed <6 months before illness onset (Table, 
Figure 1). Two cases had a different water heater brand; 
1 had traveled abroad, and their infection likely was 
travel-associated. Environmental sampling was con-
ducted for homes of 21 cases, and L. pneumophila ST37 
was detected in 20 (95%), all of which had a brand A wa-
ter heater. No legionellae were detected in the home of 
the case-patient who had a different water heater brand. 
The homes of the travel-associated case-patient and 1 
case-patient with a brand A water heater could not be 
sampled. Of the 8 cases with a clinical L. pneumophila 
ST37 isolate, 4 had a genotypic match with environmen-
tal samples from the home water system; environmental 
sampling of the home was not performed for 3 cases, 
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Figure 1. Timeline of cases in an outbreak of Legionnaires’ disease linked to newly installed residential water heaters, the Netherlands, 
2022–2023. Timelines show calendar weeks for case-patient illness onset in 2022 (A) and 2023 (B). Numbered cases are from 2 
clusters (cluster 1 and cluster 2) in separate apartment buildings in the Netherlands. Red date is week public warning was issued.
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and for 1 case, the home sample was negative. The cas-
es were geographically spread across the Netherlands 
(Figure 2).

Odds of LD
None of the 31 controls had installed a new water 
heater of any brand <6 months before illness onset. 
Analysis showed that LD cases had a statistically 
significant association with a newly installed brand 
A water heater (OR 541.80 [95% CI 24.76–11,854.03]). 
That association might be overestimated because we 
identified the 56 controls retrospectively, and 25 could 
not be contacted. However, we conducted a sensitiv-
ity analysis by using the assumption that all 25 con-
trols with missing data had a newly installed brand A 
water heater, which still showed a statistically signifi-
cant association (OR 13.02 [95% CI 2.78–60.92]).

Whole-Genome Sequencing
We included 8 L. pneumophila ST37 isolates from LD 
cases related to this outbreak and 4 environmental 
isolates collected during source investigations for this 
outbreak in the whole-genome sequencing analysis. 
In addition, we included 3 L. pneumophila ST37 isolates 
unrelated to this outbreak from LD cases reported in 

2012, 2015, and 2019 for context. All isolates showed 
close relationships on the basis of cgMLST results and 
had a maximum of 6 alleles difference (Figure 3).

Outbreak Control Measures
The National Institute for Public Health and the En-
vironment informed the Netherlands Food and Con-
sumer Product Safety Authority (NVWA) in early 
2023 about the 2 LD clusters. After the case–control 
study and additional research at the water heater dis-
tributor in the Netherlands, the NVWA and the man-
ufacturer issued safety warnings on July 13, 2023. The 
NVWA ordered the distributor to contact all clients 
with brand A water heaters produced during January 
1, 2022–March 31, 2023, and to take necessary actions. 
The company implemented control measures, which 
included chemical disinfection of the residential wa-
ter systems and thermostatic mixer valves. Pending 
that disinfection, clients received a shower head with 
a filter to prevent exposure to legionellae.

Discussion
Newly installed brand A water heaters were identified 
as the most probable source of infection in this outbreak 
because all the available data from epidemiologic and 
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Table. Case characteristics in outbreak of Legionnaires’ disease linked to newly installed residential water heaters, the Netherlands, 
2022–2023* 

Case 
no. 

Cluster 
no. 

Illness onset 
date 

Age, 
y/sex Died 

Diagnostic 
method 

Legionella pneumophila serogroup 1 
detected, sequence type New brand A 

water heater 
Installation 

date Clinical Environmental Match† 
1 1 2022 Nov 76/F N UAT Y, ND Y, ST37 N Y 2022 Oct 
2 1 2022 Dec 70/F N Culture, UAT Y, ST37 Y, ST37 Y Y 2022 Oct 
3 1 2023 Jan 73/F N UAT Y, ND Y, ST37 N Y 2023 Jan 
4 1 2023 Jan 84/F N UAT Y, ND Y, ST37 N Y 2022 Oct 
5 2 2022 Dec 70/M N UAT Y, ND Y, ST37 N Y 2022 Oct 
6 2 2022 Dec 63/M Y UAT Y, ND Y, ST37 N Y 2022 Oct 
7 NA 2022 May 59/M N Culture, UAT Y, ST37 No sampling NA N; probable 

travel-associated 
case 

NA 

8 NA 2022 Jul 88/M N Culture, UAT Y, ST37 No sampling NA Y 2022 Jul 
9 NA 2022 Aug 62/M N Culture, 

PCR, UAT 
Y, ST37 No sampling NA Y 2022 Jul 

10 NA 2022 Sep 90/M Y UAT Y, ND Y, ST37 N Y 2022 Jun 
11 NA 2022 Oct 57/M N UAT Y, ND Y, ST37 N Y 2022 Oct 
12 NA 2023 Jan 85/M Y UAT Y, ND Y, ST37 N Y 2022 Nov 
13 NA 2023 Feb 76/F N Culture, UAT Y, ST37 Y, ST37 Y Y 2022 Aug 
14 NA 2023 Feb 82/F Y Culture, UAT Y, ST37 Y, ST37 Y Y 2022 Oct 
15 NA 2023 Mar 93/M N UAT Y, ND Y, ST37 N Y 2023 Jan 
16 NA 2023 Mar 71/F N UAT Y, ND Y, ST37 N Y 2023 Jan 
17 NA 2023 May 55/F N UAT Y, ND Y, ST37 N Y 2023 Mar 
18 NA 2023 May 69/M N UAT Y, ND Y, ST37 N Y 2023 Apr 
19 NA 2023 Jun 77/F N Culture, 

PCR, UAT 
Y, ST37 Y, ST37 Y Y <6 mo before 

illness onset  
20 NA 2023 Jul 58/F N UAT Y, ND Y, ST37 N Y 2023 Mar 
21 NA 2023 Jul 81/F N Culture, UAT Y, ST37 Negative N N >2 y before 

illness onset 
22 NA 2023 Aug 80/F N UAT Y, ND Y, ST37 N Y 2023 Jul 
23 NA 2023 Aug 77/F N UAT Y, ND Y, ST37 N Y 2023 Jul 
*NA, not applicable; ND, not determined; ST, sequence type; UAT, urinary antigen test. 
†Genotypical match between the clinical and environmental isolate, both containing Legionella pneumophila serogroup 1 sequence type 37. 
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environmental investigations showed a clear link be-
tween the water heaters and cases of L. pneumophila 
ST37 infection. Our case–control study confirmed that 
cases were associated with newly installed brand A 
water heaters with a large and highly significant OR. 
However, because of the partially retrospective de-
sign, data on the brand of water heater were missing 
for many (25/56) controls. Therefore, we performed a 
sensitivity analysis assuming strong bias toward the 
null, which still showed a statistically significant as-
sociation (OR 13.02 [95% CI 2.78–60.92]). Of note, the 
L. pneumophila ST37 patient isolates and environmental 
strains found in this cluster were also closely related by 
cgMLST to isolates from 3 LD cases reported in 2012, 
2015, and 2019 in patients not related to this cluster. 
That finding aligns with previous studies reporting on 
the genomic population structure of L. pneumophila iso-
lates that made similar observations for some STs, in-
dicating that isolates can be genetically closely related 
but not epidemiologically linked (15–17).

At the start of the outbreak, the drinking water sup-
ply was also considered as a possible source of infec-
tion but was swiftly ruled out after assessing the geo-
graphic distribution of the cases, the ORs, and detection 
of L. pneumophila ST37 only in warm, not cold, water 
samples. The geographic distribution of the LD cases 
and their homes across the country showed that they 
were connected to various drinking water companies 
and nothing indicated that L. pneumophila ST37 was in 
drinking water supplied by those companies. That ob-
servation is supported by environmental samples taken 
during 2012–2021 as part of source investigation by the 
reference laboratory of the Netherlands. The reference 
laboratory sampled 984 sources, including the homes of 
316 LD patients, and found L. pneumophila ST37 in only 
0.4% of all sources (18,19). Furthermore, only 3.4% of 
L. pneumophila clinical isolates during that period were 
ST37 (18,19).  Of note, the sampling results in cluster 
1 indicated this strain possibly has a high virulence 
because a low concentration (<1.000 CFU/L) of ST37 
caused multiple LD cases. Therefore, ST37 would have 
been found more often in potential sources or in the 
clinical isolates if the strain were commonly in drink-
ing water in the Netherlands, even in low concentra-
tions. Finally, we also looked at possible introduction of 
ST37 in the drinking water system by other sources. In 
the building of cluster 1, a device to control the water 
pressure had been replaced during 2022, but that device 
was not replaced in the building in cluster 2 or for any 
of the other cases. Source finding history did not show 
any other sources of L. pneumophila ST37 introduction 
into the water system of the homes of the patients or any 
other common sources of exposure.

On the basis of the questionnaire and tempera-
tures measured at sampling, we did not find specif-
ic risk factors related to the temperature settings or 
other common issues or errors with the water heat-
ers. At most homes, the hot water temperatures at the 
tap were >55°C. Some water heaters were set on Eco 
mode (energy efficient), resulting in low temperatures 
for the first few minutes. How often and for how long 
the patients used the hot water is not known. 

The brand A water heater is also sold in several 
other countries in Europe. To identify possible cas-
es in those countries, we issued a warning through 
EpiPulse, an online infectious disease surveillance 
portal for Europe managed by the ECOC, but no 
other countries reported LD cases. However, sev-
eral countries communicated that they might be 
unable to detect such cases because detailed case 
finding information with environmental investiga-
tions and typing of isolates are not routinely per-
formed in those countries. Furthermore, unlike the 
Netherlands, many countries use biocides in their 
drinking water system, which could explain why 
no cases have been observed in other countries. In 
the Netherlands, chemical or thermal disinfection 
is also not mandatory after water heater installa-
tion, which could explain why no cases have been 
observed in other countries.

	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 32, No. 7, July 2026	 1043

Figure 2. Locations of Legionnaires’ disease cases linked to 
newly installed residential water heaters, the Netherlands, 2022–
2023. Two clusters (cluster 1 [4 cases] and cluster 2 [2 cases]) 
were identified in 2 apartment buildings. 
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The brand A water heater had a flow-through sys-
tem without a storage tank, so the legionellae growth 
cannot be explained by stagnant water with tempera-
tures of 25°C–50°C degrees or thermal stratification in 
the hot water storage tank, which is known to pose a 
higher risk for legionellae growth (20). However, a plau-
sible explanation for introduction of legionellae into the 
water system is that a small amount of test water con-
taining L. pneumophila ST37 remained in the heater after 
the production process and that microorganisms were 
able to create a biofilm, enabling L. pneumophila to sur-
vive. All heaters are tested with water for possible leak-
age before distribution. During the investigation into 
the clusters, the reference laboratory confirmed that a 
small (≈30 mL) amount of water was in new water heat-
ers still in storage. We hypothesize that after water heat-
er installation, L. pneumophila was released into the hot 
water system in the home and was able to grow in the 
pipes, shower hoses, and shower heads, subsequently 
causing infection. However, before the safety warning, 
no L. pneumophila ST37 was detected by the reference 
laboratory in samples from the small amount of water 
in the water heaters still in storage.

Further research is necessary to assess the risk for L. 
pneumophila contamination in water heaters causing in-
fections and provide evidence-based policy recommen-
dations for infection prevention and control. Previous 
research has documented that L. pneumophila is able to 
enter a viable but nonculturable state and later resus-
citate in the right environment (21,22), which might 
explain how the bacteria in the LD clusters survived 
in storage for months. However, more data are needed 
to elucidate how L. pneumophila ST37 entered the wa-
ter heaters, how the bacteria were able to grow in the 
plumbing system despite high water temperatures, and 

whether energy-saving designs like Eco Mode result in 
lower temperatures and an increased risk for bacterial 
growth. Further research also is needed to determine 
whether L. pneumophila infection is specific to brand A 
water heaters or if similar infections could occur in wa-
ter heaters from other brands as well.

In conclusion, L. pneumophila in plumbing sys-
tems is widely reported, often in relation to water 
temperatures of 25°C–50°C, stagnant water, or low 
biocide levels. The risk for legionellae growth in ther-
mostatic valves and biofilms in shower hoses also is 
well known (23–26). This study demonstrated the val-
ue of legionellae control measures during production 
or installation of water devices and that a new device 
could pose a risk for introduction of L. pneumophila 
into a water system. Manufacturers of water heaters 
or fittings for plumbing systems that are tested with 
water should ensure devices are clean and dry be-
fore packaging and should control for L. pneumophila 
growth in the test water. Furthermore, this outbreak 
emphasizes how vital an adaptable surveillance sys-
tem, environmental investigations, typing of isolates, 
and alert public health workers are for detecting pre-
viously unrecognized sources of L. pneumophila.
Ethical approval was not obtained for the study because 
these data were collected as part of routine surveillance.

Raw sequence data was submitted to the National Center 
for Biotechnology Information Sequence Read Archive 
(https://www.ncbi.nlm.nih.gov/sra; accession no. 
PRJNA1453490).

About the Author
Dr. Reukers is an epidemiologist at the National Institute 
for Public Health and the Environment in the Netherlands. 
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Figure 3. Genomic links among 
Legionella pneumophila isolates 
from reference sources and from 
an outbreak of Legionnaires’ 
disease linked to newly installed 
residential water heaters, the 
Netherlands, 2022–2023. 
Minimum-spanning tree was based 
on 1,521 core genome sequencing 
typing targets showing genomic 
links between L. pneumophila 
isolates from 8 clinical (red font) 
and 4 environmental (blue font) 
sequence type 37 isolates related 
to the outbreak, as well as 3 
randomly selected non–outbreak-
related sequence type 37 isolates 
from 2012, 2015, and 2019 for 
context (black font). Numbers on 
nodes indicate allele differences.
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Her work focuses on infectious disease surveillance and 
research of respiratory infections, such as legionellosis,  
Q fever, and psittacosis.
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