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ARTICLE INFO Abstract

Legionella are gram negative, opportunistic pathogenic bacteria, common to 
freshwater environment. These bacteria are the causative agent of Legionnaires disease, 
a serve form of pneumonia that primarily occur in case of smokers, person with chronic 
lung disease or immune-compromised. The mode of transmission of disease is inhalation 
of contaminated aerosols from water systems such as cooling towers. Cooling towers are 
a foremost cause of Legionnaire’s disease. This review follows the detection strategies 
of Legionella species in cooling tower water and risk assessment associated with the 
disease. This study can be used to improve the water quality in order to minimize the 
disease outbreak and potentially improves the public health.
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Introduction
Legionella is aerobic, waterborne and non-motile opportunistic 

bacterial species. The Legionella bacterium was first identified 
in 1976 during the annual convention of the American Legion 
in Philadelphia. The infection of Legionella is mainly spread 
through inhalation of contaminated aerosols generated during 
the functioning of cooling towers [1]. Cooling towers are a part of 
the air-conditioning systems often present in large buildings, such 
as cooling towers or hospitals, which use water to efficiently cool 
air via heat transfer. Due to the presence of sediments, nutrients 
in water it further flourishes the environmental microbes [2,3]. 
Majorly Legionella species occur in untreated water which is warm 
and where it is possible for it to become aerosolized or misted. 
Legionella species grow best between temperatures of 72°F and 
113°F (22°C-45°C) with optimum growth temperature being 95°F 
and 104°F (35°C-40°C) [4].

In US, the leading cause of deaths from waterborne outbreaks is 
Legionella [5]. From past 14 years in US, there are 4-fold increases 
in the instances of Legionnaires’ disease [6,7] that is a public health 
threat. Symptoms are range from flu-like to multisystem organ  

 
failure.  Approximately half of distinguished Legionella species 
have been appeared to cause the disease, majorly reported cases 
of disease was caused by Legionella pneumophila serogroup 
[8]. Legionnaires’ disease is caused by pathogenic Legionella 
pneumophila belongs to Legionellaceae family. The Legionella ceae 
comprises of more than 42 species. L. pneumophila is the most 
common species, and it causes 90% of the cases of Legionellosis, 
followed by other species viz L. micdadei, L. bozemanii, L. dumoffii, 
and L. longbeachae. Around fifteen serogroups of L. pneumophila 
have been identified, with serogroups 1, 4, and 6 identified as 
the causes of human disease. The serogroup 1 is thought to be 
responsible for 80% of the reported cases [9].

The investigation of Legionnaires’ disease outbreaks associated 
with cooling towers have revealed inadequately maintained systems, 
poor sterilization and lack of control measures. To regulate the 
count of pathogenic species, regular maintenance of cooling towers 
(prevention of biofouling, scale, salt deposition) are recommended. 
Further measures include monthly cleaning of internal parts (heat 
exchanger) of cooling towers in order to eliminate dust, dissolved 
solids and organic material.  According to the report of Mouchtouri 
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et al. [10], an incredible number of the cooling towers did not have 
a hazard assessment and the executives plan set up, an operational 
manual, or standardized cleaning and maintenance methodology 
which clearly indicate that the operation of cooling towers was not 
being steadily examined.

Detection of Pathogenic Species

The preliminary detection of Legionella, in the water sample 
can be performed by plating the water dilutions (KCl: HCl) 
onto charcoal yeast extract agar which was supplemented with 

L-cysteine to inhibit the growth of unwanted microbes Figure 1. 
Further, oxidase and gelatin hydrolysis (due to the presence of 
gelatinase enzyme) test confirmed the presence of Legionella. High-
throughput 16s rRNA amplicon sequencing facilitated the research 
into micro-biomes of natural or built environment [11]. Though, 
the reports on micro-biomes of these systems are limited and 
primarily related to potable water [12,13]. A study was reported on 
micro-biomes of cooling tower in Germany that revealed a diverse 
bacterial community of Legionella abundantly found in arrange of 
0.06-6.0% [14-16].

Figure 1: Represent the detection methodology of Legionella.

Risk Identification

Globally, Legionella pneumophila is the most widely recognized 
causative agent of Legionellosis [17]. Recently, worldwide increase 
in the incidence of Legionellosis was reported [18]. In 2011, there 
were 4897 confirmed cases of Legionellosis in Europe [19] and 

4202 cases in US [20]. In 2013, Australia recorded 2.2 cases of 
Legionellosis per 100,000 [21]. Risk identification is the main factor 
of the risk assessment framework, for Legionella this is restricted 
as the true incidence of Legionellosis is obscure and it has been 
estimated that the occurrence of Legionellosis could be 20 times 
greater than the currently reported incidence [22].

Treatment Through Disinfectant

Figure 2: Schematic treatment of bacteria using H2O2/Ag+ formulation.

Hydrogen peroxide has numerous advantages over chlorine as 
an oxidizing biocide: it is compatible with various pipeline materials, 
and it does not react with the organic constituents in the water to 
form chlorine. However, at a persistent feed rate of approximately 
2.5 mg/L, it was unable to control the planktonic population [23], 
and the silver can be deposited on the piping system, promoting a 
bacteriostatic effect depicted in Figure 2. As described by various 
researchers, H2O2 decomposes rapidly in different environmental 

conditions due to microbial catalase and peroxidase, and other 
than abiotic action, the decomposition is promoted by heavy metal, 
oxidative, and reductive reactions. The H2O2/Ag+ formulation is 
stable in high temperatures and its disinfection power increases 
significantly as the water temperature increases. The above 
formulation successfully controlled Legionella in hot water systems 
where temperature ranging from 40-50ºC [24].
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Case Study

In the month of July to august 2015, an enormous outbreak of 
Legionnaires’ disease was reported in South Bronx NYC. A total of 
138 cases and 16 deaths were reported by the researcher [25]. The 
average age of the patients acquired disease was around 55 years 
and 62% were male. Authorities traced that the outbreak was due 
to the cooling tower of Opera House Hotel. The strains of Legionella 
found in the cooling tower of hotel were matched with the strain 
found in the patients. In October, 21 cooling towers shows the 
presence of Legionella in other areas in the South Bronx. Due to the 
outbreak, city government mandated the cleaning and disinfection 
of South Bronx cooling towers [26]. Another case study of multiple 
Legionnaires’ disease outbreaks in Sydney (2016) was obtained 
from NSW Health [27]. There were numerous outbreaks identified 
in other locations of Sydney [28].

Conclusion
The present study marked the presence of L. pneumophila in 

the water-based cooling towers which may lead to nosocomial 
Legionellosis outbreak. The detection procedure, risk assessment 
and treatment (H2O2/Ag+ formulation) were briefed in the 
investigation.
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