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A combined outbreak of Legionnaires’ disease and Pontiac fever
related to an ultrasonic humidifier contaminated with Legionella
pneumophila serogroup 1, Nanjing City, China, 2012
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Background: On June 14, 2012, more than ten female workers from factory L were reported for illness
with fever, chest tightness, myalgia, and non-productive cough within 1 day in Nanjing City, China. To verify
and control the outbreak, we conducted this epidemiological investigation.

Methods: A face to face interview was used for the case finding and information collecting, and conducted
to the total of 45 staffs by a structured questionnaire. Urine samples from all cases were collected and tested
for Legionella pneumophila serogroup 1 (LP1) antigen, and five sera samples were tested for Legionella
antigen and Legionella antibody. Two cooling water samples from cabinet air conditioner and three from the
humidifier were collected to test Legionella bacteria. The attack rate (AR) was calculated for overall and for
different production lines, individually.

Results: A total of 15 cases, 9 suspected cases and 6 confirmed cases, 8 Legionnaires’ disease (LD) cases
and 7 Pontiac fever (PF) cases, 5 inpatients and 10 outpatients, with an overall AR of 75% (15/20, one
worker was for personal leave) were identified for illness onset on June 13, 2012. Six of 15 cases urine
samples were tested positive for LP1; 1 of 5 inpatients was positive for Legionella antibody and another for
antigen positive. Legionella bacteria was isolated from one water sample from the humidifier and confirmed
as LP1.

Conclusions: A combined outbreak of LD and PF caused by a contaminated humidifier was demonstrated

and it was the first report and in China.
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Introduction first LD case was recognised in 1976 (2), most of reported

Legionellosis is caused by Legionella bacteria and can result outbreaks caused by Legionella have been determined as

in a severe pneumonia disease [Legionnaires’ disease (LD)] LD (3-8), and some of outbreaks have been diagnosed as
and a mild febrile illness [Pontiac fever (PF)] (1). Since the PF (9-13), but rarely LD and PF occurred in an outbreak
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Figure 1 Diagram of the closed workshop and positions of 15 case-patients from a combined outbreak of Legionnaires’ disease and Pontiac

Fever in factory L, June 2012, Nanjing City, China. (n/N)*, n represents the number of case-patients; N represents the total number of

workers in this position. LD denoted for Legionnaires’ disease.

simultaneously (14-19). Legionellosis has been listed
as a nationally notifiable disease in some of developing
countries, such as European and USA, but not in China
at present. And very few outbreaks of Legionellosis were
reported from China (20) since the first LD case was
confirmed in Nanjing City, 1982 (21).

The source of infection and transmission of Legionellosis
outbreak was usually identified as inhalation of Legionella
bacterial aerosols emitted from many different natural and
artificial aquatic environments, such as cooling towers;
water systems in hotels, homes, ships and factories;
respiratory therapy equipment; fountains; misting devices
and spa pools (1). Humidifiers, widely used misting devices
in public places have been associated with some outbreaks
of Legionellosis in health care facilities (22,23), homes (24-
27), and factories (28).

On June 14, 2012, a physician from a comprehensive
hospital in Nanjing City reported that more than 10 female
workers outpatients from the same factory L became illness
with fever, chest tightness, myalgia, non-productive cough,
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and headache within one day to the local Centre for Disease
Control and Prevention (CDC). To verify and control the
outbreak, identify the pathogen, and determine the source
of infection and transmission mode, we conducted this
epidemiological investigation.

Methods
Overview of factory L

Factory L, assembled the parts of washing machine, had a total
of 45 staffs, including 5 managers working in office room, 19
outside stevedores, and 21 female workers in a closed workshop.

One ultrasonic humidifier and two cabinet air
conditioners were set up for keeping the air conditions of
temperature 20-25 °C and humidity 50-70% in the closed
workshop in November 2010 (Figure I).

Five working days with 8 h per day from Monday to
Friday every week were implementing in factory L. Food
and drink was provided to the workers by the factory L in
the working days.

F Public Health Emerg 2017;1:81
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Case definition

A suspected-case was defined as the staff from factory
L had at least one abnormal result of five indicators
in routine blood test (RBT) plus two or more of the
following symptoms: fever, headache, fatigue, myalgia,
non-productive cough and chest-tightness, during June
1" and 17%, 2012. RBT included five indicators testing of
white blood cells (WBC), neutrophils (NE), lymphocytes
(LY), monocytes (MO) and C-reactive protein (CRP).
A confirmed-case was defined as a suspected-case with
urine sample testing positive for Legionella pneumophila
serogroup 1 (LP1) antigen. It was recognized for LD case as
a suspected-case and a confirmed-case with the physician-
diagnosed pneumonia (clinical features showed positive at
least in both of two examinations: marked increases in chest
X-radiography and moist crackles in lung auscultation), else
for PF case.

Case finding and information collecting

A face to face interview was conducted to the staff in factory
L by a structured questionnaire (29) on June 15, 2012. The
information of demographic, clinical manifestations, and
epidemiological characters were collected. The possible
exposure risk for each staff was considered and asked
about the attendance in factory L, travel history, hospital
or public place visiting, respiratory disease complained
and other respiratory illness patient contacting history,
and water and food assumptions within 14 days before the
onset of symptoms. Furthermore, the medical profiles of
inpatients and outpatients were reviewed and the following
information of the clinical symptoms and signs, results of
RBT, chest X-radiography and lung auscultation, disease
diagnosed, treatments and recovery were collected.

Environmental and settings investigation

The technology and chemical materials used in the closed
workshop were checked by interviewing the manager and
reviewing the production records, and no change was found
within recent 6 months.

The two air conditioners were frequently used after
installation, especially in winter (December, January and
February) and summer (June, July and August).

However, the humidifier was only used three times from
the operational and maintenance records of the humidifier:
First for one hour operating in July 2011, second for half
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hour operating in January 2012, and third for three and
half hour operating starting at 1:30 PM on July 13 2012. In
order to estimate the potential relationship of attack rate
(AR) and humidifier operating time, a retrospective study by
using the same suspected-case definition but except for the
non-available RBT results was conducted to find the cases
from the 21 workers in the workshop during the 14 days
after operating onset of humidifier in the first and second
time.

This humidifier was connected with running water and
released 18kg mist with a diameter of less than 10pm per
hour by an auto-control and ultrasonic system (Figure I).
Three mist pipelines with the diameter of 110 mm were
branched from the humidifier and were accompanied each
production line in the closed workshop. The humidifier was
filled up with running water since it first operating in July
2011 and had not been disinfected until this event occurred.

Hypotbesis generating

After the cases searching and identification, all cases came
from the closed workshop, no cases for managers and
outside stevedores. Moreover, one worker from the closed
workshop was not became illness as for one day on personal
leave on June 13, 2012. And, no cases had the history of
respiratory illness, respiratory illness patient contacting,
travel, hospitals visiting, and public places visiting within
14 days before illness onset. Food and drinking water were
provided to the workers by the factory L as the same as
before. Therefore, the most possibility was the risk of the
event sourced from the closed workshop.

Considering the cases showed the same clinical
characters of the acute illness and infectious disease in this
event, there was little possibility that this event was caused
by the chemical materials due to a long-term occupational
exposure.

Obviously, the settings of air conditioner and humidifier
in the closed workshop attracted our attention and triggered
the next clue of the event. From the field investigation, the
two air conditioners were frequently used after installation,
but the humidifier was only used three times, and especially
for this time more than 10 female worker cases with an
emergency appeared after humidifier operating several
hours. An overview on the previous publications on the risk
of the acute respiratory effects related to the humidifier
indicated that the humidifier maybe as the most source of
the infection, which leading the next work.

F Public Health Emerg 2017;1:81
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Samples colleting and testing

Urine samples were collected from all cases and tested for
LP1 antigen (BinaxNOW® Legionella Urinary Antigen
Card, LOT055074; Alere Inc., Waltham, MA, USA) on
June 16, 2012. Sera samples from five inpatients were
collected and tested for Legionella antigen using enzyme-
linked immunosorbent assay and for Legionella antibody
using gold immunochromatography assay on June 15, 2012.

Five water samples were collected to test Legionella
bacteria on June 14, 2012. Among of them, two cooling
water samples from each cabinet air conditioners separately,
and the other three water samples were from the humidifier,
one from the top of storage water tank and one from
the bottom of storage water tank, and the last one from
the humidifier filter (Figure I). The water samples were
concentrated by membrane filtration (0.2 pm), and filtered
residues were resuspended in 1 mL sterile water. Of this
suspension, 100-puL samples were cultured without dilution
and after 10- and 100-fold dilutions on buffered charcoal
yeast extract agar with alpha-ketoglutarate (BCYE-alpha)
and a selective supplement with dyes and with and without
the antibiotics polymyxin B, anisomycin, and vancomycin
(Legionells MWY Selective Supplement SR 110, 111,
and 118, Oxoid Ltd., Hampshire, England). Plates were
incubated at 35 °C with increased humidity and examined
regularly for the presence of colonies resembling Legionella
species. In case of bacterial overgrowth, cultures were
repeated after pretreatment by heating 30 min at 50 °C.
Cultures were examined microscopically daily for 14
days. In case of persistent overgrowth, ceftazidime was
added to the media. Colonies suspected of being Legionella
were subcultured to BCYE-alpha agar. Identification was
confirmed by biochemical tests (oxidase, catalase, and
B-lactamase). We performed serotyping by using latex
agglutination for L. preumophila serogroups 1 and 2-14
(Legionelln Latex Test, Oxoid Ltd.) and specific antibodies
for serogroups 2 to 6 (Legionella antisera “Seiken”, Denka
Seiken Co. Ltd., Tokyo, Japan).

Statically analysis and software

AR was calculated for overall and for different production
lines, individually. Chi-square for a linear trend was used to
test the dose-response of the risk of AR and the humidifier
operating time.

All the Statistical analyses were performed using
Epi Info™ 7.1.3.10 (Centers for Disease Control and
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Prevention, 2014/11/3) and Excel 2003. P value less 0.05
was regarded as significantly. The figures painting used the
Microsoft Office Visio 2003.

Results
Epidemiological characters

A total of 15 cases from the closed workshop, 9 suspected-
cases (6 from production I and 3 from production II)
and 6 confirmed-cases (4 from production I and 2 from
production II), 8 LD cases (5 from production I, 2 from
production II, and 1 was for the workshop quality inspector)
and 7 PF cases (5 from production I and 2 from production
1), with an overall AR of 75% (15/20, 1 worker from
production line 1 was for personal leave on June 13, 2012)
were identified for illness onset on June 13, 2012 (Figure I).
There was no significant difference of AR between the
production line I (71%, 10/14) and production line II (80%,
4/5) (Chi Square =0.886, P>0.05). The median age of the
15 cases was 37 (range 24-43) years old, and the average
working age was 16 (range 11-24) months (Zable 1). There
was no case observed from managers and outside stevedores.

The illness onset of the index case was occurred in 7:00
PM on June 13, 2012, while the most of cases developed
symptoms at 8:00 PM, the epi-curve showed a pattern of
point source infection (Figure 2).

Clinical characters

Among the 15 cases, 5 were inpatients and 10 for
outpatients, and 8 cases were diagnosed as lung infection by
the physician (7able I). Eight (53%) cases showed marked
increases in both lungs in chest X-radiography and moist
crackles in lung auscultation. None of the cases reported
a previous respiratory illness within 14 days before illness
onset. A total of 93% (14/15) had chest-tightness, and
more than half had headache (80%), fatigue (80%), non-
productive cough (80%), fever (73%), myalgia (67%),
palpitation (60%), chills (53%) and nausea (53 %) (Table SI).
Symptoms of dizziness, dyspnoea, thoracalgia, aching
limbs and vomiting were also found in some of the cases.
Eight (53%) cases had an increasing frequency of urination
with an average interval duration of 1.8 (range 1-3) h
after illness onset to 6:00 AM in the next morning. Four
of 5 indicators from the RBT results of all cases showed
the 100% exceeded the range of reference value, except
the indicator of MO (Table S2). All cases recovered after a
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Figure 2 Date of illness onset of 15 case-patients in a combined outbreak of Legionnaires’ disease and Pontiac Fever in June 2012 in

Nanjing City, China.

7-day antibiotic treatment of ceftriaxone, azithromycin and
levofloxacin. Vitamins B and C, and Kalium chloratum (KCI)
as the supplementary treatment were also given to the cases.

Laboratory results

Six (5 inpatients and 1 outpatients) of 15 cases urine samples
collected at 3 days after illness onset were tested positive
for LP1. Two cases of 5 inpatients were serologic testing
positive for Legionella at 2 days after illness onset; one was for
antibody positive and another for antigen positive (ZTable I).
Legionella bacteria was isolated from one of five water
samples, collected from the bottom of storage water tank of
the humidifier and confirmed as LP1 (Figure I).

Risk estimated

A total of three times of the humidifier operating were
recorded. The AR related to the third time (75%, 15/20)
was higher than that in the previous two times (43%, 9/21)
(Chi Square =4.45, P=0.04). A linear trend of the case
numbers and the humidifier operating hours was observed

among the three times (Chi Square =4.95, P=0.03).

Discussion

A combined outbreak of LD and PF related to an ultrasonic
humidifier was detected in June 2012 in Nanjing City,
China, which causing a total 15 cases of 8 LD cases and 7
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PF cases. Environmental and epidemiological investigation
suggested that the humidifier contaminated by the LP1 was
probably the source of infection. As to our knowledge, it
was the first report of a combined outbreak of LD and PF
detected in China.

There were rarely reports demonstrated on the
combined outbreak of LD and PF, especially in the
workplace. Only several travel-associated (14,16-19) and
community-acquired (15) combined outbreak of LD and
PF were identified. We first described a combined outbreak
of LD and PF occurred in an occupational place, which
indicated the more concern need to be given in the further
in the occupational place.

Humidifiers in the industries and factories are keeping
for an appropriate humidity for meeting the production
requirements. The occupational health risk of infection with
L. pneumophila could increase when the humidifiers were
not regularly cleaned and disinfected (28). We did not find
any reference or guidelines on the humidifiers disinfection
and cleaning in China through the internet searching. To
prevent and control potential LD and others associated with
humidifiers, regular cleaning and disinfecting guidelines
of the humidifying equipment and devices to factories is
needed. Moreover, the humidifier producers should provide
relevant instructions for using humidifiers safely and
healthily to purchasers.

There were some limitations to our study. Respiratory
tract specimens of patients could not be collected for
Legionella testing. We did not collect samples from

F Public Health Emerg 2017;1:81
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humidifier pipelines for Legionella isolation and subtyping.
Because we did not collect droplet samples from the
humidifier for Legionella isolation, and we cannot simulate
the exposure model of patients and cannot assess the risk
of exposure and contamination. Among five hospitalised
patients, only two were seropositive for Legionella after 2
days of illness onset, and among the urine samples collected
from 15 patients 3 days after illness onset, only 40% were
antigenic positive for LP1. A possible reason was the short
duration (only 2-3 days) between exposure and sample
collection. However, results consistent with LP1 were found
both in the water sample from the humidifier and urine
samples from six case-patients, which supports the evidence
that this combined outbreak was most likely caused by the
humidifier contaminated by LP1.

Conclusions

We reported the first combined outbreak of LD and
PF in a closed workshop using an ultrasonic humidifier
contaminated with LP1 in China. Regular cleaning and
disinfection of humidifiers can be helpful to control
and prevent Legionellosis outbreaks in an occupational
environment. Model research is needed to provide
more evidences of the transmission mode of humidifiers
contaminated by L. pneumophila.
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Table S2 Routine blood test of 15 case-patients in a combined outbreak of Legionnaires’ disease and Pontiac fever in June 2012 in Nanjing City,
China*

ID CRP (mg/L) WBC (x10%L) MO (%) NE (%) LY (%)
1 16.98 24.89 1.40 91.70 6.10
2 NA 24.65 1.40 92.30 5.60
3 32.40 23.80 1.70 90.50 6.70
4 29.10 22.18 1.70 88.80 8.20
5 38.00 21.46 1.80 85.20 11.70
6 26.40 18.90 2.40 87.00 9.10
7 39.30 20.11 2.10 77.40 19.90
8 18.60 13.00 2.00 84.10 12.70
9 41.10 20.14 1.60 89.30 8.60
10 22.64 20.45 2.60 84.70 11.00
11 34.90 19.15 2.30 88.20 8.20
12 NA 15.52 2.00 83.50 11.70
13 34.93 19.10 2.30 82.60 15.10
14 37.53 16.00 3.50 84.10 12.40
15 16.64 14.30 4.00 86.30 9.70

*, routine blood tests in all cases were tested on June 14 2012. The items included C-reactive protein (CRP), white blood cell (WBC),
monocytes (MO), neutrophils (NE) and lymphocytes (LY). Reference value: CRP, 0-8.2mg/L; WBC, 4-10x10%L; MO, 3-12%); NE, 50-70%;
LY, 20-40%. NA, not available.



