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Abstract

Aims: The present study was intended to determine the occurrence of 
Legionella spp in Dental Unit Water Lines (DUWL) among public and private 
dental clinics in Najaf, Iraq. 

Methods and Results: Ninety-four water samples were randomly selected 
from various parts of the dental unit. Standardized 50ml water samples were 
taken from the DUWL. The processed sample was cultured on Based Charcoal 
Yeast Extract Medium (BCYE) plates. After incubation, the macroscopic and 
microscopic examinations were done to describe the bacterial morphology. 
Polymerase Chain Reaction (PCR) was used to examine the presence of 
Legionella pneumophila in tested samples. The presence of Legionella spp. 
was involved in 34 (36.1%) DUWL samples and detected in 28 (70.0%) of 40 
bottled water samples using BCYE agar. The PCR experiment for detection of 
L. pneumophila revealed that 10/34 (29.4%) isolates were positive for the 16 
sr RNA gene. Most of them 9/28 (32.1%) were isolated from dental unit bottles 
followed by one isolate that was identified in syringe water. 

Conclusions: It can be concluded that L. pneumophila is moderately 
distributed in the DUWL of Najaf dental clinics and considered a contaminating 
agent that may lead to a serious risk of patient infection.

Significance and impact of study: Statistical analysis showed that the culture 
method had excellent correlation with PCR results (P>0.0001).

Keywords: Legiomella spp; Dental water lines; PCR assay; 16 sr RNA 
gene; Dental clinics

at different public and private dental clinics in Najaf, Iraq.

Materials and Methods
Samples collection

During the period from Sept. 2015 to Feb. 2016, a total of 90 
dental units of public and private clinics were randomly selected and 
screened. While, 94 diverse water samples (50 ml) were collected 
from bottles, Syringes and High-Speed Drills (HSD) for each dental 
unit, then transported to the advanced laboratory of microbiology in 
the Basic Science Department and kept at 8oC until used.

Preparation of sample for bacteriologic examination
Acid buffer was used to reduce the number of non-Legionella 

bacteria in water samples before culture according to the [1]. This 
buffer consisted of two solutions prepared as follows A: 0.2 M KCl 
(14.9 g/L in distilled water) and B: 0.2 M HCl (16.7 g/L in distilled 
water). Mix 18 parts of (A) with 1 part of (B) dispensed into screw-
capped tubes in 1.0 ml volumes and sterilized by autoclaving. Mix 
1.0 ml of the vortexed centrifuged water sample into a sterile 15 
ml centrifuge tube containing 1.0 ml of sterile acid buffer. The 
acidified suspension mixture was incubated for 15 minutes at room 
temperature. 

Culture and examination for Legionella
Volume 0.1 ml of the suspension was placed onto BCYE plates 

Introduction
Legionella spp. are now known to be free-living organisms 

surviving as natural components of freshwater ecosystems [1]. 
Although some phenotypic characteristics of Legionella spp. are 
small Gram-negative fastidious and microaerophillic rods [2]. They 
are encapsulated and non-spore forming. Legionella can survive in 
varied water conditions, in temperatures ranging from 0-63oC and 
pH ranging from 5.0-8.5 [3]. Biofilm formation occurs on the inner 
surface of the water lines as a result of water stagnation [4,5]. Hence, 
the water system of the hospitals with endemic Legionella may be the 
main source of nosocomial legionellosis responsible for mild upper 
respiratory tract infections or pneumonia following inhalation of 
contaminated water droplets from a variety of water sources [6]. 
Approximately 3% to 8% of all community-acquired pneumonias are 
caused by Legionella spp. and 85% of those pneumonias are caused by 
L. pneumophila [7]. The majority of the organisms in the biofilm are 
harmless environmental species, but some dental units may harbor 
opportunistic respiratory pathogens such as Legionellae [8]. Several 
studies have indicated that dentists and dental staff in addition to the 
patients admitted to the dental clinics have higher rates of respiratory 
infections than the general public [9]. Thus, contaminated water lines 
and hand pieces are believed to be at least partially responsible for 
these higher rates of respiratory disease. The present study intended 
to determine the proliferation of Legionella spp. in dental water lines 
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(previously prepared included supplement, Himedia, India) and 
spread with a sterile glass rod. Plates were incubated at 35oC in a 
candle jar with an atmosphere of 2.5% CO2 using a gas generation 
kit, Oxoid, UK. [1]. All cultures were examined after 3 to 4 days of 
incubation. Negative plates were re-incubated for seven days and 
then reexamined for Legionella spp. colonies. Plates were discarded 
after the seventh day. Macroscopic examination was conducted 
using a dissecting microscope to detect bacterial colonies resembling 
Legionella. Microscopic examination was conducted; Gram stain 
smear was prepared to detect stain, shape and arrangement of 
bacteria. Bacterial isolates with convex colonies and round edges were 
suspected. The center of the colony is usually bright white in color 
with a textured appearance that has been described as “cut-glass-
like.” Cells are small Gram-negative rods according to [10,11].

DNA extraction and PCR assay
DNA was extracted from bacterial cells performed as 

described by Wizard Minipreps DNA kit (Promiga, USA). The 
DNA was used as a template for PCR amplification for the 16s 
rRNA gene of L. pneumophila (386 bp). PCR amplification was 
carried out in a gradient thermal cycler (T professional Basic 
Biometra, Germany) using primers (IDT, USA) according to 
[12]. JFP/F (5-AGGGGTTGATAGGTTAAGAGC-3’) and JFP/R 
(5’-CCAACAGCTAGTTGACATCG-3’). For amplification, an initial 
denaturation was conducted at 95oC for 20 minutes followed by 38 
cycles of denaturation at 94oC for 45 seconds, annealing at 57oC for 
45 seconds and elongation for 45 seconds at 72oC. The final extension 
step was 1 hour at 72oC. The PCR products were analyzed by agarose 
gel electrophoresis using 1.5% agarose. Bands were visualized with 
UV-transilluminator (UVP, USA) after being stained with ethidium 
bromide. 

Statistical analysis
The (chi-square) test was used to evaluate the positivity rate of 

isolation and molecular identification of the Legionella spp. in DUWL 
samples by the proposed methods.

Results
This is the first study in Iraq related to molecular detection 

of Legionella spp. in DUWL. Water samples were collected from 
various parts of dental units and investigated for the presence of 

Legionella spp. by culture and confirmed using PCR. Overall, there 
were 94 acid buffer-treated samples; 34 (36.1%) of them had heavy 
Legionella spp. growth on BCYE media. (Table 1) shows the number 
of detected Legionella spp. using BCYE and the source of the tested 
samples. Twenty-eight were isolated from bottled water. However, 4 
were identified in syringe and 2 in HSD. Subsequently, to detect L. 
penumophila at the molecular level, the 16Sr RNA gene was amplified 
using PCR (Figure 1). Of the 34 total culture positive isolates, 10 
(29.4%) were PCR positive for 16Sr RNA. Samples of bottled water 
mostly harbored L. pneumophila 9 (32.1%), followed by one isolate 
(25.0%) identified in syringe water (Table 2). This study revealed 
that no L. pneumophila was detected in HSD water samples by PCR. 
Statistical analysis showed that the culture method had excellent 
correlation with PCR results (P>0.0001).

Discussion & Conclusion
Surveys of Legionella colonization in hospital water supplies have 

been conducted in the UK, Canada, USA, Korea and Iran [13]. The 
results of this study showed that Legionella was detected in DUWL 
in Najaf, Iraq. To the best of our knowledge, this is the first study of 
Legionella spp. detection in DUWL in the Middle East.

The current report provided evidence that the Legionella spp. may 
be moderately spread in dental clinics with a proportion of 36.1% 

Sample source No. of tested Sample No. (%) of BCYE positive for Legionella spp. No. (%) of BCYE negative for Legionella spp. p-value**

Bottle 40 28 (70.0) 12 (30)

0.0001
Syringe 30 4 (13.3) 26 (86.7)

HSD* 24 2 (8.3) 22 (91.7)

Total 94 34 (36.1) 60 (63.9)

Table 1: Distribution of Legionella spp. in water samples from various dental instruments using BCYE culture media.

*HSD: High-Speed Drill, **Chi-Square: 34.6

Sample source No. (%) of BCYE positive for Legionella spp. No. (%) of PCR positive for L. penumophila No. (%) of non-L. penumophila p-value**

Bottle 28 9 (32.1) 19 (67.9)

0.436
Syringe 4 1(25.0) 3 (75.0)

HSD* 2 0 (00.0) 2 (100)

Total 34 10 (29.4) 24 (70.6)

Table 2: Detection of Legionella penumophila in water sample from various dental instruments using PCR.

*HSD: High Speed Drill, **Chi-Square: 1.66

Figure 1: Ethidium bromide-stained agarose gel of PCR amplified products 
of extracted DNA with 16srRNA gene primers (386 bp). The electrophoresis 
was performed at 70 volts for 1.5 hr. Lane (L), DNA molecular size marker 
(l500-bp ladder), Lanes (1-10) positive for Legionella pneumophila isolates.
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(Table 1). This result is similar to the rate of isolation approved by 
some studies conducted in Iran, where the prevalence of Legionella 
isolation from hospitals was 36.6% and 22.7% as mentioned by 
[14,15] respectively. This highlighted the perceived threat to public 
health from DUWL contamination comes from such opportunistic 
and respiratory pathogens [8]. In the present study, BCYE culture 
media exhibit that most Legionella spp. 28 (70.0%) were isolated from 
dental water bottles followed by 4 (13.3%) and 2 (8.3%) identified 
in syringe and HSD (Table 1). Hence, the isolation of Legionela spp. 
from the stagnated water in the bottles may increase organisms to 
enter from one of the three main routes of the DUWL to form a 
biofilm along the length of the tubing. The biofilm acts as a reservoir 
for continued long-term contamination of the water line [8]. This 
result is compatible with the case report of [16] from the Mediated 
Disease Institute in Italy found that contamination of HSD with 
Legionella spp. related to the transmission to the patients, dentists 
and dental practice staff by inhalation or micro aspirations of aerosol 
water. Unfortunately, this may be creating a serious problem for 
contamination of hand pieces and transmission of Legionella spp. So, 
there is very little, if any, evidence of human-to-human transmission 
of Legionela spp. with public health relevance [17]. Moreover, there 
has been the successful use of artificial BCYE culture media to detect 
Legionella spp. Hence, these findings prompt the dental clinics to test 
their DUWL using water samples every month.

Many techniques have been used to detect and confirm Legionella 
spp., including culture, direct florescence, specific PCR and real-
time PCR [18]. Culture is the gold standard method for isolation of 
Legionella spp. as routine work, but it has some limitations such as 
the growth requirements, long incubation periods, overgrowth of 
other bacteria and nonculturable Legionella in some samples [19]. 
Also, there is no molecular survey for L. penumophila in Iraqi dental 
clinics. For this reason, this study was designed to evaluate the culture 
test by PCR technique using the 16S rRNA gene.

Results revealed that of 34 culture positive isolates of Legionella 
spp. were recovered from DUWL. Only 10 (29.4%) were confirmed 
as L. penumophila using PCR, mostly (9/32.1) diagnosed in bottled 
water (Table 2). Increasing incidence of L. pneumophila in dental 
institutional clinics and hospital water supplies was observed by 
researchers, [20] from the USA, [21] from Italy and [13] from Iran. 
They demonstrated that prevalence rates of L. pneumophila were 
8%, 21.8% and 7.1%, respectively. Although, the identification of L. 
pneumophila and non-L. pneumophila species is complex and time-
consuming, the 16S rRNA gene is present as a target gene since it 
exists in several copies per genome and thus allows a high sensitivity 
to the PCR [22]. These results suggest the presence of L. pneumophila 
in DUWL in Najaf dental clinics may be due to natural properties of 
the organism, such as a broad temperature range favoring growth, 
chlorine-tolerance and acid-tolerance. However, the presence of 
sediment, sludge and other material with biofilms in water are 
thought to play an important role in the persistence of Legionella 
spp. [23,24]. In addition, the vast majority of dentists in this survey 
took their water directly from the DUWL without flushing or using 
independent bottled water systems, anti-retraction valves on hand 
pieces, or any use of sterile water for minor oral surgery as the British 
Dental Association recommends [8]. 

In conclusion, the higher recovery rates of Legionella spp. 
have been associated with storage and stagnated water in DUWL. 
Therefore, hospital tanks may act as a reservoir for repeated seeding 
of the Legionella spp. leading to the real threat of public health in 
Najaf.
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