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Table 3: 	 Bacteria isolated from biofilms and cultivated on different growth media 

Site of biofilm development device mEndo (total coliforms) mFC (faecal coliforms) Aeromonas selective medium supplemented with ampicillin

Aeromonas Pseudomonas

Raw water: Modimola Dam Present Present Absent Present

Mixed water: Mmabatho Absent Absent Absent Absent

POU filter: Treated dam water Absent Absent Present Present

POU filter: Mixed water Absent Absent Present Present

POU filter: Molopo Eye Absent Absent Absent Absent

POU, point of use

a b

Figure 3: 	 Electron micrographs of biofilm from Modimola Dam collected using (a) galvanised coupons or (b) copper coupons.

a b

Figure 4: 	 Electron micrographs of biofilm from mixed water collected using (a) galvanised coupons or (b) copper coupons.
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a reservoir for antibiotic-resistant organisms, and therefore may have 
the potential to cause infections. This finding is a cause for concern, 
particularly for infants, the elderly and immunocompromised individuals 
in the Mafikeng community. 

a

b

c

Figure 5: 	 Electron micrographs of biofilm collected using carbon filters 
from (a) mixed water, (b) Modimola Dam and (c) Molopo Eye.

Identification and detection of virulence gene isolates were done using 
gyrB, toxA and ecfX gene fragments through PCR. The gyrB and ecfX 
gene fragments were amplified. Specific PCR assays for the detection of 
virulence genes (aerA and hylH in Aeromonas and exoA, exoS and exoT 
in Pseudomonas) produced DNA fragments of the expected size of some 
of the markers. Of the 39 isolates that were screened, the combination 
of virulence genes detected in the isolates from the different areas are 
shown in Table 5. Aeromonas spp. that were isolated from biofilms 
from Modimola Dam raw water (8 of 12) and mixed water (1 of 10) 

harboured the hylH gene (Figure 6). These genes were more prevalent 
in isolates from raw dam water. However, aerA genes were not detected 
in the isolates from either site. The exoA gene (Figure 7) was detected in 
Pseudomonas spp. from the raw water biofilm and biofilm isolates from 
the treated dam water. Isolates from the biofilms from all sites harboured 
exoT genes (Figure 8). However, none of the Pseudomonas spp. isolates 
possessed the exoS gene.

Table 4: 	 Prevalent antibiotic resistance phenotype of biofilm

Site Isolate Antibiotic resistance phenotype

Dam Faecal coliforms

Total coliforms

KF-AP-C-E-OT-TM-S-A-NE

KF-AP-C-E-OT-TM-A-NE

Pseudomonas KF-AP-C-E-OT-TM-A

Treated dam water Aeromonas 
Pseudomonas

KF-AP-C-E-OT-TM-A

KF-AP-C-E-OT-TM-A

Mixed water Pseudomonas 

Aeromonas

KF-AP-C-E-TM-A

KF-AP-C-E-OT-TM-A

KF, cephalothin; AP, ampicillin; C, chloramphenicol; E, erythromycin; OT, oxytetracycline; TM, 
trimethoprim; S, streptomycin; A, amoxicillin; NE, neomycin.

Discussion
Water is a vital component of life but can serve as an important vehicle 
for the dissemination of potential pathogens to humans.21 Source 
water that receives sewage effluent may be polluted with opportunistic 
pathogenic microorganisms and pharmaceuticals.28 Modimola Dam 
receives treated sewage effluent. Organisms that survived the treatment 
process may be able to grow in the aquatic environment. A further 
concern is that, at times, the treatment processes fail and the potential 
exists for the presence of opportunistic pathogens such as Aeromonas 
hydrophila and Pseudomonas aeruginosa. Both of these species have 
a tendency to form biofilms. This study was thus aimed at determining 
whether Aeromonas spp. and Pseudomonas spp. occur in biofilms in the 
drinking water of Mafikeng.

Organisms isolated in this study include faecal coliforms, total coliforms, 
Aeromonas and Pseudomonas. In a similar study, heterotrophic bacteria 
were isolated from biofilms in copper plumbing, which included 
a wide variety of organisms.10 Aeromonas species are implicated 
in gastroenteritis and are generally considered to be waterborne 
pathogens29 while Pseudomonas species are opportunistic pathogens 
that cause nosocomial infections in susceptible patients30. Moreover, 
it is very difficult to eradicate Pseudomonas species because of their 
high intrinsic resistance to a variety of antibiotics, including β-lactams, 
aminoglycosides and fluroquinolones.31 Aeromonas has the potential to 
grow in water distribution systems, especially in biofilms, where it is 
resistant to chlorination and produces many different putative virulence 
factors.32 Isolates that are resistant to chlorine may be present in tap 
water that is intended for human consumption, and which therefore 
causes disease in humans. 

The regrowth and formation of biofilms in drinking water distribution pipes 
has been detected even in countries with advanced water-treatment and 
health-care facilities.21 The presence of biofilms has been found to cause 
significant corrosion of pipe materials and, subsequently, the addition of 
inorganic and organic matter, which results in a poor aesthetic quality 
of water.12 Moreover, free chlorine reacts with compounds present in 
biofilms inside water pipes, producing an unpleasant taste and odour.11 
Adherent bacteria are more resistant to antimicrobial agents and could 
contribute to the planktonic cells present in the bulk water. The prevalence 
of planktonic bacteria in drinking water may be a result of sloughing of 
the biofilm – an assumption which is supported by the observation of 
planktonic bacterial episodes in treated drinking water.5 
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M 1 2 3 4

597 bp hylH

Lane M: 1-kb DNA ladder; Lanes 1–4: hylH gene fragments from Aeromonas species 
isolated from different sites.

Figure 6: 	 Image of an agarose (1% w/v) gel depicting the hylH gene from 
Aeromonas species. 

M 1 2 3 4 5 

396 bp (exoA)

Lane M: 1-kb DNA ladder; Lanes 1–5: exoA gene fragments from Pseudomonas species 
isolated from different sites.

Figure 7: 	 Image of an agarose (1% w/v) gel depicting the exoA gene from 
Pseudomonas species. 

Biofilm formation is facilitated by many factors including available 
nutrients, characteristics of the pipe material, disinfectants used, 
physico-chemical parameters and the ability of the microorganisms to 
resist destruction by antimicrobial agents.33 The significant release of 
nutrients from the surface material to the water promotes the growth 
of bacteria.18 

Cementitious, metallic and plastic materials are the three most commonly 
used types of plumbing materials. The plumbing materials chosen for 
this study were copper and galvanised steel, which are commonly used 
in domestic plumbing systems in South Africa. Our results demonstrate 
biofilm formation on both of the plumbing materials that were used. In 

another study, a higher density of bacteria was observed on polyethylene 
and polyvinylchloride surfaces than on galvanised steel.34 In the present 
study, thicker biofilms were observed on galvanised steel than on 
copper. However, biofilms on galvanised steel coupons were not 
compared with those on polyethylene and polyvinylchloride surfaces. 
It has been observed that biofilms on copper had low concentrations 
of culturable bacteria.35 It is thus not uncommon to find low levels of 
culturable bacteria in biofilms on copper coupons. Moreover, it has been 
reported that the formation of biofilms was slower on copper pipes than 
on polyethylene pipes. However, after 200 days there was no difference 
in microbial numbers in biofilms between the two pipe materials.18 This 
finding implies that in the case of long-term use, biofilm levels on metal 
surfaces will be similar to those on polyethylene and polyvinylchloride 
surfaces. However, as a consequence of their nature, biofilms on metal 
surfaces will contribute to microbial-induced corrosion, which can 
increase the metal concentration in water distributed by copper pipes,15 
which has the potential to cause health problems. 

M 1 2 3 4 5 6

152 bp (exoT)

Lane M: 1-kb DNA ladder; Lanes 1–6: exoT gene fragments from Pseudomonas species 
isolated from different sites.

Figure 8: 	 Image of an agarose (1% w/v) gel depicting the exoT gene from 
Pseudomonas species. 

In the present study, we did not focus on the corrosion potential of the 
biofilms but rather on whether or not Pseudomonas and Aeromonas 
spp. colonise the biofilms. It has been previously demonstrated that 
Pseudomonas spp. are opportunistic pathogens that can integrate into 
drinking water biofilms on materials which are relevant for domestic 
plumbing systems.35 Biofilms have been implicated in human infections 
and are particularly recalcitrant to antibiotic compounds.30,36 Final water 
produced by the water-treatment plant must comply with the South 
African National Standard (SANS) 241:2011 for drinking water.37 

No total coliforms or faecal coliforms were detected in biofilms from the 
treated drinking water, which thus complied with the SANS 241 standard 
of 0 CFU/100 mL. This finding is an indication that the treatment process 
was effective in removing total coliforms and faecal coliforms from the 
raw water. However, Pseudomonas and Aeromonas spp. were isolated 
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Table 5: 	 Virulence gene determinants detected in isolates from the different areas

Site Isolate Aeromonas species Pseudomonas species

aerA hylH exoA exoS exoT

Treated dam water Pseudomonas NT NT 3 0 11

Aeromonas 0 8 NT NT NT

Mixed water Pseudomonas NT NT 0 0 6

Aeromonas 0 1 NT NT NT

Raw dam water Pseudomonas NT NT 2 0 4

NT, not tested
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from the biofilms of treated and filtered water. This may be an indication 
of deteriorating water quality. High levels of Pseudomonas spp. in 
water may cause taste, odour and turbidity problems.38 There is no 
available SANS 241 standard for Pseudomonas and Aeromonas spp. 
in drinking water.

Identities of the organisms were confirmed through PCR using gyrB, 
toxA, ecfX, aerA and hylH gene fragments. The ecfX gene encodes an 
extra cytoplasmic function sigma factor, which may be involved in haem 
uptake or virulence39, whereas the gyrB gene encodes the DNA gyrase 
subunit B, a protein which plays a crucial role in the DNA replication 
process40 and the toxA gene encodes the exotoxin A precursor25. PCR 
assays targeting the ecfX and gyrB genes are highly suitable for the 
identification of P. aeruginosa.25,39 Application of the PCR technique to 
target gyrB, aerA and hylH genes is an excellent molecular chronometer 
for screening potentially virulent Aeromonas species in food and 
the environment.40,41 

One rational approach to determine whether Pseudomonas and 
Aeromonas spp. have the potential to be virulent is the assessment 
of virulence phenotypes and screening for specific virulence genes. 
Pseudomonas and Aeromonas spp. isolated in the present study 
carried some gene sequences encoding toxic proteins, indicating 
the potential of these organisms to cause diseases in humans. The 
ability of Pseudomonas spp. to express these virulence determinants 
also enhances their capabilities to produce biofilms.36 Pseudomonas 
aeruginosa is able to synthesise a large number of virulence proteins 
that greatly influence pathogenesis.26 Pseudomonas species produce 
extracellular compounds which promote adhesion and the ability of 
the isolates to attach to surfaces, thereby also increasing the virulence 
properties. The pathogenicity of Aeromonas is complex and multifactorial 
and has been linked to exotoxins such as cytolytic enterotoxin, 
haemolysin/aerolysin, (aerA, hylH, hylA, alt and ast), lipase and protease 
and various other cell-associated factors.27,32 Screening for specific 
cytotoxin and haemolysin genes appeared to be the most effective way 
of detecting and characterising Aeromonas virulence factors.41

The desired gene fragments were successfully amplified, which indicates 
the presence of virulent Pseudomonas and Aeromonas spp. in biofilms 
from drinking water. From the molecular data it was demonstrated that 
the exoA, exoT and hylH genes were successfully used for the detection 
of virulent Pseudomonas and Aeromonas spp. in raw and drinking water 
biofilm samples. It is thus important to perform molecular confirmation 
of isolates to ensure accurate results.

Detection of these genes amongst the Pseudomonas and Aeromonas 
spp. isolated from the drinking water sources of Mafikeng is cause for 
concern and should be further investigated. PCR assays could provide 
a powerful supplement to the conventional methods for a more accurate 
risk assessment and monitoring of potentially virulent Pseudomonas 
and Aeromonas spp. in the environment.

Conclusion
Bacterial biofilms were detected in all water sources that were sampled 
and opportunistic pathogens such as Pseudomonas and Aeromonas 
species were isolated from biofilms in raw water from the Modimola 
Dam, drinking water and mixed water. These isolates were found to 
harbour virulence gene determinants indicating that they have the 
potential to cause diseases in humans. Therefore, it is important to 
constantly determine the occurrence of these species in water bodies 
and drinking water distribution systems, in particular, and to determine 
whether conditions prevail that may allow these opportunistic species to 
survive water purification processes. Such a strategy will be of particular 
importance in scenarios in which treated wastewater is reused for 
drinking water. A clear understanding of the different mechanisms by 
which biofilm bacteria harbour and distribute virulence factors, as well 
as protect themselves from the action of disinfectants and antibiotics, is 
vital to formulate control and management strategies. 
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