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Various biodiversity indices revealed that Microcystis aeruginosa is a major bloom forming colonial 
cyanobacterium dominantly present in the examined two districts of Eastern Madhya Pradesh. 
Microcystis viridis, Microcystis panniformis and Microcystis botrys along with filamentous 
cyanobacteria Anabaena spp., Arthrospira major and Oscillatoria limosa/O. laetevirens were the other 
species present. Amplification of VCO1 and VCO139 choleragenic Vibrio cholerae strains in 
phytoplankton material revealed their association with cyanobacteria. VCO1 gene was amplified in five 
water bodies, and among them, one reservoir also displayed amplification of VCO139 gene. VCO1 and 
VCO139 genes were not amplified in three water bodies. All of them were infested with Anabaena spp. 
as the second largest phytoplankton constituent. It was hypothesized that Anabaena spp. produced 
some antibacterial metabolites with antagonistic property against V. cholerae. To prove this, colonies of 
V. cholerae on TCBS agar were isolated from those water bodies which displayed VCO1 and VCO139 
gene amplification. Methyl Red test, Voges-Prauskaur test and arginine dehydrolase tests confirmed 
Vibrio. Further identification of V. cholerae was carried out by amplification of VCO1 and VCO139 genes 
in genomic DNA isolated from V. cholerae colonies. A hexane extractable metabolite extracted from lab 
culture of Anabaena fertilissima CCC597, a native of these lakes, was tested for its antagonizing effect 
on growth of V. cholerae strains O1 and O139. A “closed water system” was used to examine the effect 
of A. fertilissima cell mass on time-dependent population size of Vibrio. Upon such incubation, there 
was a steady decrease in the viable colony counts of V. cholerae. 
 
Key words: Antibacterial effect, cyanobacterial population, Vibrio cholerae O1 and 139, important value index. 

 
 
INTRODUCTION  
 
Cyanobacteria are primitive prokaryotic organisms 
dwelling in both freshwater as well as marine ecosystems. 
They are goldmines as they produce a wide variety of 
economically important compounds (Whitton and Potts, 
2000). In the course of evolution, these ancient 
organisms have undergone many adaptations (Kumar et 
al., 2010;  Khairy and  El-Kassas,  2010;  Sethubathi  and 

Prabu, 2010; Battu et al., 2011; Mhadhebi et al., 2012). A 
large number of microalgal compounds have been found 
to exhibit antibacterial activity, which includes an array of 
alkaloids, depsipeptides, undecapeptides, linear and 
lipopeptides and fatty acids (Swain et al., 2017). Recently, 
amongst the biologically active peptides, microginins 
have been shown  originating from planktic cyanobacteria 
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that inhibits growth of a number of bacteria (Silva-Stenico 
et al., 2010). Studies further indicate the presence of 
bioactive compounds in freshwater cyanobacteria, that 
exhibit anticancer, antimicrobial, anti-inflammatory and 
other pharmacological activities (Borowitzka and 
Borowitzka, 1992; Gul and Hamann, 2005; Mayer and 
Hamann, 2005). Mundt et al. (2003) observed fatty acids 
produced by Oscillatoria redekei to possess antibacterial 
activity. Pedersen and Dasilva (1973) reported 
bromophenols with antibacterial activity, produced from a 
cyanobacterium Calothrix brevissima. In the application 
front, some of the bioactive metabolites were used as 
biocontrol agents. Chaudhary et al. (2012), for e.g., 
reported about eco-friendly bio-control options against 
soil borne fungal diseases of tomato and evaluated the 
fungicidal potential of a cyanobacterium, Anabaena. 

Vibrio cholerae is a gamma Proteobacteria present in 
freshwaters and marine waters. V. cholerae strains VCO1 
and VCO139 are predominantly responsible for the cause 
of cholera epidemic (Sack et al., 2004). V. cholerae are 
known to attach with phytoplankton, zooplankton and 
other aquatic organisms develop in many freshwaters 
resources such as ponds, lakes and reservoirs (Ahmad et 
al., 2007; Berg et al., 2009; Chaturvedi et al., 2015). 
Vibrio is reported to produce extracellular enzymes 
chitinase and mucinase for adherence and attachment to 
obtain nutrients for the rapid growth on phytoplankton, 
zooplankton and other aquatic organism (Schets et al., 
2011; Neogi et al., 2012). Chitin is a major constituent of 
the exoskeleton in zooplankton and many species of 
bloom forming cyanobacterial phytoplankton. Vibrio 
develops biofilm on the plankton for survival in the 
aquatic environment (Cottingham et al., 2003; Bag et al., 
2008; Givens et al., 2014).  

The present study was aimed to understand the 
underlying mechanism of interaction between 
cyanobacterial populations and associated heterotrophic 
bacteria. A biodiversity parameter, Important Value Index 
was used to examine cyanobacterial dominance in the 
water bodies of some locations in Eastern Madhya 
Pradesh. Distribution of phytoplankton-anchored V. 
cholerae was also profiled. Finally, antagonistic effect of 
A. fertilissima CCC597 was demonstrated on isolated 
colonies of V. cholerae. 
 
 
MATERIALS AND METHODS 

 
Chemicals  

 
All general purpose chemicals were procured from HiMedia (India) 
and Sigma-Aldrich (USA). The primers were procured from Imperial 
Life Sciences Pvt. Ltd. (India). 

 

 
 
 
 
Survey and sampling  
 
The study was conducted in the Eastern Madhya Pradesh. Jabalpur 
and Dindori districts (longitude 79ºE - 81ºE and latitude 22ºN - 
24ºN) were surveyed and eight water bodies were examined for 
prevalence of planktic cyanobacterial populations within January, 
2013 to January, 2015. These phytoplankton materials were 
collected by skimming over the surface of water and transferred to 
sterilized wide-mouth plastic bottles. The buoyant bloom/scum 
floated on the surface were collected and brought to the laboratory 
in ice box. 
 
 
Identification and diversity of cyanobacterial species present 
in water bodies 
 

The cyanobacteria present in the bloom/scum samples were 
identified up to species level by following the keys as described by 
Desikachary (1959), Via-Ordorika et al. (2004) and Jain (2015). The 
various biodiversity indices namely abundance, frequency and 
biovolume were calculated according to Jayatissa et al. (2006). The 
diversity of cyanobacteria species was denoted in terms of 
Important Value Index (IVI) which is sum of the percentages of the 
abundance, frequency and biovolume (Jayatissa et al., 2006).  

 
 
DNA extraction from bloom/scum 
 

The bloom/scum materials were lyophilized at -20ºC until it turned 
into powder and became brittle. This was stored in cryo-vials at 
4ºC. Samples collected at locations were dried and stored. In a 
method described by Jungblut and Neilan (2006), 25 mg of 
lyophilized bloom material was heated at 65ºC for 2 h in 3.0 ml of 
DNA extraction buffer containing 800 mM ammonium acetate, 20 
mM EDTA,  100 mM Tris-HCl (pH 8.0), 1% SDS and 1%  freshly 
prepared lysozyme. Thereafter, 50 µl of RNase from a stock of 10 
mg ml-1 was added and further incubated at 37ºC for 30 min. To 
stop the reaction, mixture was chilled in ice bath for 10 min and 
centrifuged at 12000 × g for 10 min at 4ºC. To one volume of cell 
extract was added one volume of ice cold isopropanol and 0.1 
volume of 4 M ammonium acetate and centrifuged at 12000 × g for 
10 min at 4ºC to precipitate the DNA. The precipitated DNA was 
resuspended in 100 µl of sterile water. Approximately 10 µl of DNA 
sample obtained as above was added to 990 µl of sterile double 
distilled water. Their purity was checked by taking the ratio of their 
absorbance at A260/A280 nm. The yield of each sample was also 
calculated by using the following formula:  
 

A260 × dilution factor × 50 µg ml-1 
 
 

PCR amplification reaction for detecting VCO1/ VCO139 genes 
of V. cholera 
 

Amplification reaction was carried out for V. cholerae O1 and O139 
strains associated with bloom/scum materials using above DNA 
preparations and primer pairs specific for VCO1 and VCO139 
genes as detailed subsequently (Binsztein et al., 2004), procured 
from Imperial Life Sciences, India.  Reaction mixture was prepared 
according to Jungblut and Neilan (2006) and Kumar et al. (2011) 
and thermal cycling was performed according to the Binsztein et al. 
(2004)  with  an  initial  denaturation step at 94°C for 5 min, followed 

*Corresponding author: E-mail: snbagchi_in@yahoo.com. Tel: +91-761-2608704. Fax: +91-7661-4045389. 

 

Author(s) agree that this article remains permanently open access under the terms of the Creative Commons Attribution 

License 4.0 International License 

http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US


 

 
 
 
 
by 40 cycles of 94°C for 1 min, 56°C for 1 min, and 72°C for 3 min, 
with a final extension for 10 min at 72°C. The amplified product was 
then subjected to agarose gel electrophoresis. VCO1: Forward 5’-
CAACAGAATAGACTCAAGAA-3’; reverse 5’-
TATCTTCTGATACTTTTCTAC-3’. VCO139: Forward 5’-
TTACCAGTCTACATTGCC-3’; reverse 5’-
CGTTTCGGTAGTTTTTCTGG-3’. 
 
 
Extraction of DNA from colonies of V. cholerae 
 
For the isolation of V. cholerae, the water bodies, wherein the 
amplification of VCO1/ VCO139 genes was observed in 
blooms/scum material, were shortlisted. The fresh phytoplankton 
material was collected from these water bodies as above and was 
diluted by 1/10 and poured on to Petri dishes containing agar-
solidified thiosulfate-citrate-bile-salts-sucrose (TCBS) medium 
(Tulip Diagnostics) and incubated at 37°C for 48 h. One 
representative isolated colony from each plate were picked using 
inoculation loop and used for extraction of DNA according to Bag et 
al. (2008). The colony was homogenized in 100 µl of autoclaved 
normal saline. Bacterial suspension was pelleted by centrifugation 
at 12000 × g for 10 min at 4°C. The pellet was re-suspended in 100 
µl of double distilled autoclaved water and it was boiled for 10 min. 
Debris was removed by centrifugation at 12000 × g for 10 min at 
4°C. The supernatant containing DNA was transferred in fresh 
microcentrifuge tubes (Eppendorf) and stored at 4°C in a refrigerator 
for further use. 

PCR amplification reaction was carried out using DNA isolated 
from V. cholerae grown on TCBS agar medium. Reaction mixture 
was prepared according to Jungblut and Neilan (2006) and Kumar 
et al. (2011). Thermal cycling and subsequent electrophoresis of 
amplified products was carried out according to the Binsztein et al. 
(2004) using the primer pairs selective for VCO1 and VCO139 
genes.  
 
 
Biochemical tests for identification of V. cholera 
 
The colonies as recovered above were first characterized by colony 
appearance and colour according to the Handbook of Culture 
Media (Atlas and Parks, 1997), and the colony forming units were 
also calculated. These were subjected to the following standard 
examinations: For Methyl Red-Voges Proskauer (MR-VP) test 
(Aneja, 2010), 10 ml MRVP broth (peptone 7 g l-1, glucose 5.0 g l-1, 
potassium phosphate 5 g l-1 and 1000 ml of distilled water; pH 6.9) 
was placed in sterilized test tubes in two sets. The tubes were 
inoculated with colonies of Vibrio. One tube was left uninoculated 
and kept as control. The cultures/control were incubated at 35°C for 
48 h. The tubes were divided in two sets. In the first set, 5 drops of 
methyl red reagent was added. In the other set, 12 drops of V-P 
reagent I (naphthol solution) and subsequently 2 to 3 drops of V-P 
reagent II (40% potassium hydroxide) were added. Appearance of 
red colour within 15 min gives positive test for MR or VP.    

For L - arginine dehydrolase test (Choopun et al., 2002), Luria 
Bertani (LB) broth containing 1% arginine was prepared, autoclaved 
and poured in tubes. The medium was inoculated with colonies of 
Vibrio, and one tube was left uninoculated as control. This 
culture/control was incubated at 37°C for 48 h. Five to six drops of 
phenol red was added in the tubes. Appearance of red colour 
indicates positive test, whose visible intensity was arbitrarily 
determined as pale, moderate or intense.  
 

 
Extraction of antibacterial metabolite from A. fertilissima lab 
cultures 
 
Large scale cultivation of a rice field cyanobacterium from Jabalpur,  
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A. fertilissima in BG-11 medium was carried out under the conditions 
as described in Banerjee et al. (2013). About 1 L of culture was 
centrifuged at 1,000 × g for 15 min to harvest the cells which were 
air dried at 37°C. The pellet was homogenized in 10 ml of 10% 
aqueous methanol. This crude extract was passed through 
previously equilibrated LiChrolut RP-18 (ODS) cartridges (Merck, 
Germany, 500 mg sorbent). After having washed with 10% 
methanol the bound material was eluted in 100% methanol. 
Methanolic extract was then mixed with equal volume of hexane in 
a separating funnel and the hexane phase was separated. Hexane 
phase was subjected to evaporation at room temperature and the 
final residue was dissolved in 10% of methanol. This extract was 
passed through 1 g of animal charcoal in Whatman filter paper. The 
filtrate was termed as hexane-extractable metabolite.  
 
 
Screening of the hexane-extractable metabolite on V. cholerae 
lawns 
 
V. cholerae was subcultured on TCBS medium by repeated 
streaking. A lawn was prepared by mixing one such segregated 
colony with agar medium and was poured on the Petri dishes. The 
antibacterial activity of the hexane-extractable metabolite was 
determined by well-diffusion method. For this, wells were dug using 
sterilized cork borer and inside about 0.5 ml of 10% methanolic 
solution of A. fertilissima extract was poured. After allowing the 
bacterium to grow, the antibacterial activity was determined as 
diameter of the clearing zone produced around the wells.  10% 
methanol (0.5 ml) at equivalent volume was used as a negative 
control. For positive control 0.5 ml solution of 150 mg ml-1 of 
azithromycin in 10% methanol was used. 

Antibacterial activity was determined by following well diffusion 
technique. Suspension of V. cholerae wells (5 mm) was prepared in 
these plates using cork-borer, by maintaining sterile conditions. 0.5 
ml of the extract (concentration 125 mg ml-1) was poured into the 
wells. All the plates were incubated at 37°C for 24 h. Growth 
inhibition zones produced by the extract were examined and the 
diameter (mm) was measured. 
 
 

In situ analysis of the effect of A. fertilissima cell mass on 
colony counts of V. cholera 
 
First a “closed water system” was fabricated to conduct the 
experiment. For this, about 50 L of clear water from Pariyat 
reservoir (Jabalpur) was poured into 61 cm × 30 cm × 38 cm 
aquarium covered with acrylic cover, and placed under regular day-
night regime. In batches, A. fertilissima cells from about 10 L of 
cultures in BG 11 medium were harvested by coarse filtration and 
pooled up for building a large mass of the cells. The inoculum was 
raised in 1 L of BG 11 medium in 5-L Erlenmeyer flasks kept under 
growth conditions as described previously (Banerjee et al., 2013). 
After 25-days of growth the cell mass equivalent to 10 g fresh 
weight was air-dried and placed in pouches prepared of three 
layers of muslin cloth and then tied from top. These pouches were 
suspended in the aquarium and were left for 20 days. Control sets 
were without the pouches being dipped in the water. Manually 
water was percolated twice a day for aeration. Aliquots of water 
from the tanks were diluted and from a series, V. cholera cells were 
enumerated on TCBS agar medium from colony specific viable 
counts.  
 
 

RESULTS  
 

Diversity of cyanobacterial population 
 

During this  study, eight water  bodies  were  found  to  be  
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Table 1. Cyanobacterial diversity in eight water bodies of Eastern Madhya Pradesh (India) in terms of relative frequencies and mean 
biovolume. 
 

Water body Cyanobacterial frequencies (%) Mean biovolume (mm
3 
L

-1
) 

Khairy lake, Jabalpur Microcystis aeruginosa (92), Arthrospira major (8) 16.2 

Shahpura lake, Dindori Oscillatoria limosa/ O. laetevirens (100) 16.0 

Gangasagar lake, Jabalpur O. limosa (68), Nostoc spp. (32) 6.0 

Salondi lake, Jabalpur O. limosa (76), Anabaena spp. (24) 204.0 

Pariyat reservoir, Jabalpur M. aeruginosa (57), M. viridis (22), M. panniformis (21) 10.0 

Bahela lake, Jabalpur O. limosa (64), Nostoc spp. (36) 33.2 

Mahegong lake, Jabalpur O. limosa (78), Anabaena spp. (22) 98.2 

Samnapur lake, Jabalpur O. limosa (87), Anabaena spp. (13) 27.8 

 
 
 

 
 

Figure 1. Important value index (IVI) for all cyanobacterial genera present in the water 
bodies.  

 
 
 

heavily infested with cyanobacterial bloom/scum. 
Analysis of indices that determine cyanobacterial 
diversity showed that the Microcystis aeruginosa was 
dominantly present as bloom forming cyanobacteria in 
water bodies. Maximum frequency of M. aeruginosa 
(92%) was in Khairy lake, Jabalpur (Table 1). Oscillatoria 
limosa/O. laetevirens were identified as being the sole or 
major proportion of scum material collected from different 
lakes. The other forms of colonial cyanobacteria present 
sub-dominantly were Microcystis viridis, M. botrys, M. 
panniformis and some filamentous cyanobacteria, viz. 
Arthrospira major and different species of Nostoc and 
Anabaena. Cyanobacterial diversity showed that A. major 
was present in one water body; O. limosa and O. 
laetevirens in six water bodies and Anabaena in three 
water bodies (Table 1).  

In terms of biovolume of total cyanobacteria, the 
highest   biomass   was   recovered   from   Salondi   lake 

(Jabalpur), while minimum from Gangasagar lake 
(Jabalpur) both predominantly harbouring O. limosa/O. 
laetevirens scums (Table 1). The IVI scores (Figure 1) 
clearly indicate that Pariyat reservoir (Jabalpur) and 
Shahpura lake (Dindori) had unicyanobacterial 
populations of Microcystis and Oscillatoria respectively, 
whereas the rest of the surveyed lakes exhibited 
presence of other cyanobacteria as sub-dominant 
genera.    
 
 
Amplification of VCO1 and VCO139 genes of V. 
cholerae adhered to cyanobacterial blooms/scum 
 
For PCR amplification reaction, the recovery of DNA in 
the dried bloom/scum material was between 100 to 200 
µg ml

–1
, as determined from ratio A260/280 which was 1.6 to 

1.7.  Subsequent  PCR  amplification  results   (Figure  2)  

   

(%
) 
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Figure 2. Amplification of (a) VCO1 and (b) VCO139 genes in dry bloom/scum samples. (M) 1000-100 bp 
DNA ladder  (1) Khairy lake, Jabalpur; (2) Shahpura lake, Dindori; (3) Gangasagar lake, Jabalpur; (4) Salondi 
lake, Jabalpur; (5) Pariyat reservoir, Jabalpur; (6) Bahela lake, Jabalpur; (7) Mahegong lake, Jabalpur; (8) 
Samnapur lake, Jabalpur. 

 
 
 

 
 

Figure 3. Bacterial colonies grown on TCBS agar medium isolated from Pariyat 
reservoir, Jabalpur. Large yellow colonies represent growth of V. cholerae and small 
green colonies represent V. parahaemolyticus. 

 
 
 

indicate that VCO1 gene was amplified at 647 bp position 
from the DNA isolated from the scum processed from five 
lakes, namely Khairy lake (Jabalpur), Shahpura lake 
(Dindori), Gangasagar lake (Jabalpur), Pariyat reservoir 
(Jabalpur) and Bahela lake (Jabalpur). VCO139 gene 
was resolved at 741 bp position only in one water body, 
Pariyat reservoir (Jabalpur). However, in comparison to 
the above water resources, when DNA preparations from 
the remaining three water bodies, that is, Salondi lake 
(Jabalpur), Mahegong lake (Jabalpur), and Samnapur 
lake (Jabalpur) were used for amplification, there was no 
band discernable at either 647 bp or at 741 bp positions, 
suggesting that neither VCO1 nor VCO139 gene was 
amplified. 

Morphological appearance of colonies of Vibrio 
 
In Figure 3, two different morphologically distinct colonies 
were observed on TCBS agar. Based on the colony 
morphology (flat, diameter 3 to 4 mm, yellow) the isolates 
were designated as V. cholerae. The other colonies were 
small green with dark green center, and were identified 
as of V. parahaemolyticus.  

The results of the biochemical tests are shown in Table 
2, in which green coloured V. parahaemolyticus colonies 
gave pink red colour in methyl red test and dark pink 
colour in arginine dihydrolase test, suggestive of positive 
reactions. VP test turned out to be negative. On the other 
hand,  yellow  coloured  V.  cholerae  colonies  presented  
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Table 2. Biochemical tests’ results for identification of V. cholerae. 
 

Name of the test 
Uninoculated Inoculated with 

Control Yellow colour colonies Green colour colonies 

Methyl Red test Yellow – Yellow + Pink - red 

Voges Proskauer test Yellow + Pink red – Yellow 

L-arginine dehydrolase test Light pink – Light pink + Dark pink 
 

+, Positive test (colour change to pink to red); -, Negative test (no change in colour). 

 
 
 

 
 

Figure 4. Amplification of (a) VCO1 and (b) VCO139 genes for identification of V. cholerae growing in 
TCBS agar medium cultivated from bloom/scum samples. (M) DNA ladder (1) Khairy lake, Jabalpur; 
(2) Gangasagar lake, Jabalpur; (3) Shahpura lake, Dindori; (4) Bahela lake, Jabalpur; (5) Pariyat 
reservoir, Jabalpur. 

 
 
 
pink red colouration in VP test, and for the remaining two 
tests the strain gave negative results.  
 
 
Amplification of VCO1 and VCO139 genes of isolated 
V. cholerae strains 
 
Isolated colonies of V. cholerae were obtained from five 
water bodies, namely, Khairy lake (Jabalpur), Shahpura 
lake (Dindori), Gangasagar lake (Jabalpur), Pariyat 
reservoir (Jabalpur), and Bahela lake (Jabalpur). A single 
colony was used to isolate DNA for PCR amplification of 
VCO1/ 139 genes. Separate PCR’s were run for 
randomly picked colonies and were used for amplification 
of the above genes. The results of representative 
colonies as presented in Figure 4 highlight that in DNA 
preparations from colonies of Pariyat reservoir, Jabalpur, 
there was an amplification seen at a position of 741 bp, 
suggesting presence of VCO139 strains. The same 
colonies from the same lake also exhibited visualization 
of another prominent band at ca. 647 bp, indicative of 
presence  of   VCO1   strains.  In   the   rest   of  the  DNA 

samples of all the randomly picked colonies from lakes 
other than Pariyat reservoir, Jabalpur, amplification was 
seen only at ca. 647, bp representing that only VCO1 
strain of V. cholerae was isolated. 
 
 
Effect of a metabolite extracted from A. fertilissima 
on V. cholerae strains O1 and O139 
 
While surveying for presence of VCO1 and VCO139 
strains in the lakes, it was found that in three lakes in 
which Anabaena scum was prevalent throughout the 
year, neither VCO1 nor VCO139 was detected in 
amplification experiments of the corresponding genes (cf. 
Figure 2). A hexane-extractable metabolite from A. 
fertilissima was used to determine if the cyanobacterium 
exert any antagonistic effect on aforementioned strains of 
Vibrio. The metabolite was incubated with the two strains 
of V. cholerae, O1 and O139. A clear zone of inhibition 
(6-9 mm) was observed in both the strains. In negative 
control, zone of inhibition was not observed (Figure 5), 
whereas in  azithromycin  positive  control,  it was ~9 mm. 
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Figure 5. Effect of a hexane extracted metabolite of A. fertilissima on growth of V. cholerae O1 and O139 
in bacterial lawns prepared on TCBS agar medium. Here well numbers 1, 2, 3 and 4 are the controls 
receiving solvent (10% methanol), 5 and 6 are the tests with cyanobacterial extracts in 10% methanol; and 
7 and 8 are the positive control, with azithromycin in 10% methanol. The clearing zones are visible in 
positive control and with cyanobacterial extracts.  

 
 
 
Effect of A. fertilissima cell mass on fate of V. 
cholerae counts in the “closed water system” 
 
A simulated “closed water system” was designed in which 
lake water was poured, and to this added was a thick cell 
mass of A. fertilissima culture. Upon addition of A. 
fertilissima cell mass, there was a steady and significant 
reduction observed in the viable V. cholerae counts in the 
aliquots taken from the water system (Figure 6). 
Interestingly, within the same time period of experimen-
tation, upon omission of A. fertilissima, the Vibrio counts 
remained steady and did not change significantly from 
what was the original value at start of the experiment 
(Figure 6).  
 
 
DISCUSSION  
 
In this study, data on a chemical-based antagonistic 
interaction between choleragenic V. cholerae strains and 
a natural isolate of a cyanobacterium from the same 
region was presented. Usually water blooms/scum 
provide ample substrate and nutrients for promoting 
bacterial growth but in certain situations they also exhibit 
deterrent effects as well. One such situation could be 
found in which in all those water resources e.g., Salondi 
lake (Jabalpur), Mahegong lake (Jabalpur), and 
Samnapur lake (Jabalpur) harboring Anabaena spp., 
there was  no  trace  of  culturable  and  non-culturable V. 

cholerae cells, as detected by (a) absence of colonies on 
TCBS medium and (b) negative amplification reaction for 
VCO1 and VCO139 genes. While, in the other water 
bodies, such as Khairy lake (Jabalpur), Shahpura lake 
(Dindori), Gangasagar lake (Jabalpur), Pariyat reservoir 
(Jabalpur) and Bahela lake (Jabalpur), with different 
cyanobacteria in their phytoplankton composition, both V. 
cholerae and V. parahaemolyticus was observed to 
thrive. The O1 and O139 antigens of V. cholerae are the 
etiological agents for epidemic and pandemic disease in 
this region (Sack et al., 2004) and therefore, it became 
important to examine as to whether A. fertilissima, an 
isolate from this region, can actually reduce the 
population size of this dreaded bacterium. A “closed 
water system” experiment gave reasonable proof that a 
lab-grown A. fertilissima cell mass indeed negatively 
affected the V. cholerae natural population size. A 
standard method was followed for bioassay-guided 
extraction of antibacterial metabolites from A. fertilissima. 
A hexane-extractable fraction showed strong antagonistic 
effect on the two pathogenic strains of V. cholerae. 
Although the nature of chemical-based interaction 
between the organisms is unknown as the putative 
antibacterial compound is yet to be purified,  it can be 
predicted that one such candidate could be the cyclic 
peptide, called microginin previously isolated from lab-
grown cultures of A. fertilissima along with a desmethyl- 
variant of microginin (Bagchi et al., 2016). Among other 
functions,   microginins     are     also    known    for   their  
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Figure 6. Effect of incubation with cell mass of A. fertilissima for 20 
days on viable counts of V. cholerae in lake water in a “closed water 
system”. Control panel, without and TEST panel, with cell mass 
suspended in the lake water. Periodically water aliquots were diluted 
and plated on TCBS agar to count the colonies that represent V. 
cholerae.  

 
 
 
antibacterial effects (Silva-Stenico et al., 2010). 
Notwithstanding, compound(s) other than microginin 
could be responsible for the antibacterial effect. Future 
investigation is aimed at finding the exact chemical 
nature of the anti-Vibrio compound(s). 
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Most patients presenting with febrile conditions are often treated for malaria, especially in the 
developing world, whereas some of them may be of arboviral origin as they also present with similar 
symptoms. Reverse transcription-polymerase chain reaction (RT-PCR) has been found to be the method 
of choice for the early detection and confirmation of virus in clinical samples, especially where there is 
an overlap of symptoms. The objective of this study was to detect the involvement of some arboviruses 
in febrile conditions in humans visiting two health institutions in Ile-Ife, Nigeria. Consenting febrile 
patients numbering one hundred and sixty five that were to be screened for malaria parasites at the 
hospitals were recruited for the study. From each patient, 2 ml venous blood was collected and 
processed for RNA extraction using QiAmp RNA Extraction kit (Qiagen, Hilden, Germany) and amplified 
using one step RT-PCR and appropriate primers for West Nile, Chikungunya, Dengue and Rift valley 
fever viruses. The detection was done in 2% agarose gel electrophoresis and viewed using a gel imager. 
The study reports the detection of West Nile RNA in 6 (3.6%) patients and Chikungunya RNA in 3 (1.8%) 
out of the 165 serum samples which have been pre-screened for malaria parasite by the hospital where 
the samples were collected from. Rift valley fever virus RNA and Dengue virus RNA were not detected in 
any of the samples. Out of the malaria parasite negative patients, 3 tested positive for the West Nile RNA 
and 1 showed detectable Chikungunya virus RNA, thus suggesting the role of these arboviruses in 
febrile conditions, first to be reported in Osun state, Nigeria. The involvement of viruses in febrile 
conditions as shown by this study has buttressed the need to extend laboratory examination of febrile 
conditions beyond malaria parasite to some of these arboviruses whose vectors are abundant and 
extending geographical coverage. 

 
Key words: Febrile, malaria, Chikungunya virus, West Nile virus, Dengue virus, reverse transcription-
polymerase chain reaction (RT-PCR). 

 
 
INTRODUCTION 

 
Arboviruses, as far back as 2004, have been considered 
as a  global  threat  to  human  and  public  health  (WHO, 

2004). This status has not changed as their complex 
vector-virus-host   cycle    is    leading    to   unpredictable  

 

 

 



 
 
 
 
epidemiological patterns (Gan and Leo, 2014). They 
produce conditions ranging from asymptomatic infections 
to severe undifferentiated fever. In humans, arboviruses 
can produce three major syndromes which are systemic 
febrile illness (fever often associated with joint pain or 
rash), neuroinvasive disease (encephalitis or other 
infection of the central nervous system) and 
haemorrhagic fever (fever, generalized bleeding and 
shock). They can also progress to much more complex 
secondary conditions, or sequelae, which result in long-
term physical and cognitive impairment or in early death. 
They have been able to progress in their geographical 
spread through urbanization, migration and climatic 
change, thereby increasing their impact on both humans 
and animals. While animal species, other than humans, 
are for the maintenance of many of these zoonotic 
viruses (Karabatsos, 2001), humans are incidental or 
dead end hosts to many of them, yet approximately 134 
out of the over 534 viruses known to be transmitted by 
arthropod vectors have been shown to cause diseases in 
humans with mosquitoes and ticks being the principal 
transmitters. Most of these viruses are of public health 
importance especially members of the Flavivirus, 
Alphavirus and Bunyavirus genera. Emerging 
Flaviviruses of particular importance are West Nile (WN), 
Japanese encephalitis (JE), Chikungunya (CHIK) and 
Dengue (DEN) viruses which affect many countries of the 
whole world. Chikungunya virus (CHIKV) is an Alphavirus 
of importance that emerged in the Indian Ocean regions 
but is now spreading fast in Africa. Although, the vectors 
of both arboviruses and malaria are abundant in Africa, 
reports of coinfections have been scarce in scientific 
literatures, probably due to the limited number of 
laboratories capable of diagnosing arboviral infections or 
because there has not been major epidemic in Africa. 
Due to the presentation of similar symptoms which is 
mainly fever, arboviral infections are often taken for 
malaria thereby having the chance to be propagated the 
more among humans. Consequently, this may result in 
the slow identification of an arboviral disease outbreak 
and potentially high morbidity and mortality (Monlun et 
al., 1993; WHO, 2010; Baba et al., 2013). Arboviral and 
malaria parasite co-infections have previously been 
reported in Papua New Guinea (Senn et al., 2011), 
Senegal (Robin et al., 1980) and in European travellers in 
Senegal, Guinea and Sierra Leone (Charrel et al.,  2005) 
but little has been said and known about arboviruses only 
in patients presenting with fever especially in Africa. Case 
definition and adequate surveillance, therefore, are major 
challenges. Treatment for arboviral diseases is mainly 
supportive (Domingues, 2009; WHO, 2011).  

There have been more records of concurrent infection 
with malaria and dengue (Arya et al., 2005; Deresinski  et 
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al., 2006; Carme et al., 2009) after it was first reported in 
2005 by Charrel et al. (2005). Although, it was a 
retrospective study that should be interpreted with 
caution, Epelboin et al. (2012) opined that, concurrent 
dengue and malaria infection tends to be more severe 
than single infections as they were characterized by 
haematologic abnormalities, such as thrombocytopaenia 
and anaemia, which are known risk factors of severe 
dengue fever and/or malaria. In Africa, the impact of most 
of these arboviruses on the public health has not been 
properly understood probably because the viruses have 
not been studied extensively and there has not been any 
major epidemic known or documented. In view of this, 
this study was designed to determine the involvement of 
four arboviruses namely CHIKV, DENV, RVFV and WNV 
in febrile conditions of patients visiting a private and a 
public hospital in Ile-Ife, Osun state, Nigeria.  
 
 
MATERIALS AND METHODS  
 
Sample collection 
 
For the study, 165 venous blood samples from consenting patients 
presenting with fever in the last two weeks and those going for 
malaria parasite test at Obafemi Awolowo University Health Centre 
and Seventh Day Adventist Hospital, Ile-Ife, Osun State, Nigeria 
were used. Those whose presentation was more than two weeks 
were excluded from the study. There was neither age limit nor bias 
for a gender. From each patient, 2 mL of venous blood was 
collected into plain sample bottles, separated into serum and 
packed cells and stored at -20°C until analysed. Questionnaires 
were administered to the patients and the data obtained analysed 
using SPSS version 20. 
 
 
RNA extraction 
 
The 165 samples were randomly pooled to 33 with each pool 
containing five samples. For the extraction, 28 µl of each sample 
was pipetted into Eppendorf tube to give 140 µl in each pool. The 
genomic viral RNA extraction procedure was carried out using 
Qiagen-QIAamp Viral RNA mini spin column extraction kit (Qiagen, 
Hilden, Germany). The RNA was eluted from the spin columns in a 
final volume of 60 µl of the elution buffer following the 
manufacturer’s procedure.  
 
 
Amplification 
 
Being a one-step real time RT-PCR procedure, the master mix was 
prepared using 4 µl dNTPs, 5 µl of one-step buffer, 0.5 µl probes, 1 
µl enzymes and 1.5 µl forward and reverse primers for each of the 
viruses being screened for as stated in the QIAGEN One-Step RT-
PCR Kit procedure used. All these were mixed in 9.5 µl of sterile 
(RNase free) water in 1.5 ml Eppendorf tube. The template used 
was 5 µl of the RNA extracted. The initial reverse transcription of 
RNA to cDNA (at 48 - 50°C for 20 min) and the amplification was 
done in Applied Biosystem 7300 real time PCR System in 50 cycles
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Figure 1. Real time result of some of the pools. 
 
 
 

of denaturation (at 95°C for 15 min), annealing (at 60°C for 30 s), 
Elongation (at 56°C for 30 - 60 s). All the samples in the pools that 
showed positive results in the real time were separately extracted 
and the amplicons subjected to a one-step real time RT-PCR as 
was done for the pools (Figure 1). 

 
 
Detection in agarose gel electrophoresis  
 
This was carried out using a 2% agarose gel and TAE (Tris acetate 
EDTA) buffer to further confirm the result of the real time RT-PCR 
and to show the distribution of the selected arboviruses in the 
samples. Loading dye (5 µl) was added to the amplicon before 
loading on the cast and set gel. Appropriate ladders were used as 
the controls to indicate the band size expected from each virus 
(Dengue - 75 bp, West Nile - 200 bp, Chikungunya - 120 bp) where 
present. The gel was run at 100 V for 25 min after which it was 
stained in ethidium bromide for 10 min before viewing on the UV 
Invitrogen safe Imager. The expected band size was then 
compared to the ladder to check for positive cases and for which of 
the viruses. 

 
 
RESULTS 
 
The result of the malaria parasite pre-screening was 
collected  from  the  hospitals  where  the   samples  were 

collected and it showed 125 (76%) having detectable 
malaria parasite (MP) in them and 40 (24%) were MP 
negative. Out of the 125 that had MP in their blood, 9 
(7.2%) showed the presence of the nucleic acid of one of 
the arboviruses being studied in them but none had more 
than one. No patient showed the presence of Rift Valley 
Fever and Dengue viruses infections as the nucleic acids 
of these two viruses were not detected in any of the 
patients screened. Among the 40 MP negative patients, 4 
(10%), making 2.4% of the patients studied, had either 
CHIKV or WNV detectable in them. In all, there was no 
case of the involvement of two arboviruses in any one of 
the febrile patients studied. It was also observed that 
there were patients who had both MP and at least one of 
either CHIKV or WNV. There were 2 cases of 
Chikungunya-malaria and 3 West Nile-malaria co-
infections. There was only one male (making 20%) out of 
these five, who showed detectable viral RNA which in this 
case is Chikungunya virus. The remaining four were 
females. Table 1 shows the details of the results, while 
Table 2 shows the distribution of the arboviruses in 
relation to their socio-demographic data. The analysis of 
the data showed no statistically significant correlation (at 
P <0.01 and P<0.05)  between  the  arboviruses detected 
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Table 1. Summary of the distribution of CHIKV, WNV and malaria in febrile patients. 
 

Sample code Sex Age range (years) Occupation CHIKV +VE WNV +VE 
Malaria Parasite 

+ve -ve 

HC041 Male 21-30 Student       

HC077 Male 11-20 Student       

HC125 Female 51-60 Private Business       

HC123 Female 11-20 Student       

HC071 Female 31-40 Teaching       

HC080 Female 21-30 Student       

HC094 Male 21-30 Student       

SD002 Female 61-70 None       

SD008 Female 41-50 Private Business       
 

CHIKV – Chikungunya virus; WNV – West Nile virus; MP– Malaria parasite. 

 
 
 
Table 2. Socio-demography and the distribution of the detected arboviruses. 
 

Parameter 
WNV result  CHIK V Result  

+ ve (%) -ve (%) Total +ve (%) -ve (%) Total 

Month of sample 
collection 

August 2010 0 (0) 69 (41.8) 69 1 (0.6) 68 (41.2) 69 

September 2010 5 (3.0) 72 (43.6) 77 2 (1.2) 75 (45.5) 77 

October 2010 1 (0.6) 18 (10.9) 19 0 (0.0) 19 (11.5) 19 
        

Age category 
(years) 

Under 1  0 (0) 1 (0.6) 01 0 (0.0) 1 (0.6) 01 

1 - 10  0 (0) 4 (2.4) 04 0 (0) 4 (2.4) 04 

11 - 20  1 (0.6) 24 (14.5) 25 1 (0.6) 24 (14.5) 25 

21 - 30 2 (1.2) 71 (43.0) 73 1 (0.6) 72 (43.6) 73 

31 - 40 1 (0.6) 26 (15.8) 27 1 (0.6) 26 (15.8) 27 

41 - 50 1 (0.6) 18 (10.9) 19 0 (0) 19 (11.5) 19 

51 - 60 0 (0) 10 (6.1) 10 0 (0) 10 (6.1) 10 

61 - 70 1 (0.6) 5 (3.0) 06 0 (0) 6 (3.6) 06 

        

Sex 
Female 5 (3.0) 85 (51.5) 90 1 (0.6) 89 (54.0) 90 

Male 1 (0.6) 74 (44.8) 75 2 (1.2) 73 (44.2) 75 

        

Occupation 

Students 3 (1.8) 97 (58.8) 100 2 (1.2) 98 (59.4) 100 

Health worker 0 (0) 2 (1.2) 2 0 (0) 2 (1.2) 02 

Teacher 1 (0.6) 9 (5.4) 10 0 (0) 10 (6.1) 10 

Other civil 
servants 

0 (0) 29 (17.6) 29 1 (0.6) 28 (17.0) 29 

Retiree 0 (0) 3 (1.8) 3 0 (0) 3 (1.8) 03 

Private business 1 (0.6) 14 (8.5) 15 0 (0) 15 (9.1) 15 

Artisan 0 (0) 2 (1.2) 2 0 (0) 2 (1.2) 2 

None 1 (0.6) 3 (1.8) 4 0 (0) 4 (2.4) 4 

        

Highest academic 
qualification 

None 2 (1.2) 8 (4.8) 10 0 (0) 10 (6.1) 10 

Primary 0 (0) 18 (10.9) 18 0 (0) 18 (10.9) 18 

Secondary 3 (1.8) 85 (51.5) 88 1 (0.6) 87 (52.7) 88 

Tertiary 1 (0.6) 48 (29.1) 49 2 (1.2) 47 (28.5) 49 
        

Location 
Within Osun 6 (3.6) 153 (92.7) 159 3 (1.8) 156 (94.5) 159 

Outside Osun 0 (0) 6 (3.6) 6 0 (0) 6 (3.6) 6 
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and the sociodemographic factors considered. 
 
 
DISCUSSION 
 
The concerted efforts to combat malaria has resulted in 
its mortality falling by 42% globally since 2000, and by 
49% in the WHO African Region as well as mortality rates 
among children in Africa have been reduced by an 
estimated 54% since 2000 (WHO, 2014). However, the 
issue of the involvement of and co-infection with one or 
more arboviruses has called for taking febrile conditions 
more serious than before. Sow et al. (2016) carried out a 
study to investigate co-infection with malaria among 
arbovirus-infected patients in Senegal. Out of these 
patients, they reported that 48.7 % (20/41) were co-
infected with malaria parasites with CHIKV having 18.7% 
(3/16) among other arboviruses with fever being the only 
sign or symptom associated with the dual malaria 
parasite/arbovirus infection. This is higher than 9 (7.2%) 
that is being reported in this study. In a study to ascertain 
the etiologic agent causing an outbreak of febrile illness 
with symptoms similar to chikungunya fever in Chiapas 
State, Mexico, Kautz et al. (2015) found that 79% of 
febrile illness cases with polyarthralgia in Chiapas State 
during late 2014 were caused by CHIKV. This is a further 
confirmation of the need to extend diagnosis of 
fever/febrile conditions beyond malaria as the pathogen 
as well as the vector seem to be thriving in virtually all the 
continents of the world.  

The global spread of mosquito vectors of these 
pathogens via global demographic and societal changes, 
and modern transportation have provided the 
mechanisms for the vectors as well as the pathogens 
they transmit to break out of their natural ecology and 
become established in new geographic locations where 
susceptible arthropod vectors and hosts provide 
permissive conditions for them to cause major epidemics 
(Bonizzoni et al., 2013). 

Presently in Africa, the epidemiology and public health 
impact of CHIKV and WNV is still unclear owing to the 
scanty information available but the current geographical 
distribution of their primary vectors and the likely further 
spread, increasing human population growth, unplanned 
urbanisation especially in developing world and increased 
international travel have all made transmission likely and 
successful (Amarasinghe et al., 2011 and Caglioti et al., 
2013). Also, they present with similar symptoms thereby 
making it possible for them to be misdiagnosed. 
Furthermore, where malaria is endemic and the majority 
of febrile illnesses are diagnosed as such, often without 
laboratory confirmation, both viral infections may go 
undetected and so continue to perpetuate themselves 
(Amexo et al., 2004). It is very important that more 
extensive studies be carried out on the diagnosis and 
pathogenesis of arboviruses as some of them namely 
DFV, Zika virus and CHIKV infections have shown  ocular  

 
 
 
 
manifestations which can be present at the time of fever 
or may manifest after many weeks. Anterior uveitis, optic 
neuritis and retinitis are the most common manifestations 
during the acute infection of these infections (de Andrade 
et al., 2017). 

It is interesting to know that all the age groups are 
represented in those who were malaria parasite negative 
but positive for one arbovirus or the other. Arbovirus-
Plasmodium infections can be said therefore to have 
nothing to do with age as all groups are susceptible. This 
is another reason why arboviruses should be suspected 
in febrile conditions. It was observed in this study that all 
the samples that had one arbovirus or the other but void 
of malaria parasite were collected in September. 
Although, more studies need to be conducted to establish 
the reason for this, but it is in agreement with what 
Forshey et al. (2010) reported where the arboviral 
infections showed a rise in the number of people infected 
in September. It is important to improve on the research 
capacity of many of the affected countries so as to 
correctly diagnose and manage these arboviral infections. 
The prevalence reported in this study could be higher if a 
larger population is studied and if patients with febrile 
conditions report early enough and their sample collected 
in the earlier stage of the infection than two weeks used 
in this study. This is calling for a more extensive study of 
the involvement of arboviruses in febrile conditions as a 
way to control their further spread since it appears that 
the spread of the vectors of these arboviruses, 
mosquitoes, has not been properly checked. A more 
involvement of the laboratory in the diagnosis of febrile 
conditions as a way to minimize the effect and spread of 
the pathogens is therefore necessary. It is also important 
that these arboviruses should be considered in conditions 
with symptoms similar to their infections. 
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Pollution of water bodies can cause environmental and public health problems. The Cavouco stream is 
a tributary of the Capibaribe River, one of the main rivers in the state of Pernambuco, Brazil, and 
receives a high pollution load from residential, laboratory and hospital effluents. The aim of the present 
study was to perform phenotypic and molecular characterization in this stream, and evaluate the water 
quality using microbiological parameters. Water was collected from five sampling points, and bacterial 
species were identified using biochemical and molecular methods through 16S rRNA gene sequence 
analysis. Total and thermotolerant coliforms were also quantified. Fermenting Gram-negative bacilli 
from the family Enterobacteriaceae (Escherichia coli, Klebsiella pneumoniae and Proteus mirabilis), 
non-fermenting bacilli (Pseudomonas aeruginosa and Pseudomonas putida) and Gram-positive bacilli 
(Bacillus cereus, Bacillus licheniformis, Bacillus pumilus and Staphylococcus hominis) were identified. 
A total of 25 bacterial isolates were phenotypically identified. All phenotypic identifications were 
confirmed by molecular analysis, except for S. hominis, which was molecularly identified as 
Exiguobacterium. Regarding water quality, all analyzed samples were positive for total and 
thermotolerant coliforms. The results obtained suggest that the Cavouco stream presents a potential 
risk for transmission of water-borne diseases, because of the presence of pathogenic bacteria. In 
addition, the current state of the stream also threatens the conservation of its native species. 
 
Keywords: Public health, Enterobacteriaceae, thermotolerant, Bacilli. 

 
 
INTRODUCTION 
 
Aquatic ecosystems have suffered significant changes 
due to multiple environmental effects, resulting from the 
release of large quantities of effluent without prior 
treatment (International Joint Commission, 2015; USGS, 
2015). This discharge can cause physical,  chemical  and 

biological deterioration, and endangers both the resident 
aquatic organisms and public health. Scientific, 
technological and epidemiological advances have 
provided new tools for the assessment of water quality, 
both    for    human    consumption    and    environmental  

 

 

 



 
 
 
 
purposes (Tanchou, 2014). 

In 2015, the Centers for Disease Control and 
Prevention (CDC) reported that approximately 780 million 
people had no access to drinking water around the world. 
The consumption of contaminated water and lack of basic 
sanitation is estimated to cause 842,000 deaths per year 
worldwide, and 1,000 children under the age of five years 
die every day (WHO, 2014; WHO and UNICEF, 2015). 
Contaminated water carries pathogens that cause diarrhea, 
gastrointestinal disorders and systemic diseases, 
approximately 70% of diarrheal diseases could be 
avoided by improving basic sanitation (WHO, 2014). 
According to the Brazilian Ministry of Health, 6,715 deaths 
caused by diarrhea or gastroenteritis, presumably 
resulting from infection, were recorded between 2010 and 
2015 (BRASIL, 2015). 

Some studies have used traditional methods of 
selective isolation and cultivation to characterize the 
microbial communities of the affected environments 
(Skariyachan et al., 2013). However, taxonomic 
classification by these methods can be difficult because 
of variations in phenotypic characteristics (Woo et al., 
2008). For this reason, molecular methods that allow fast 
and reliable confirmation of microbial identity have been 
developed (Ramírez-Castillo et al., 2015). Among these, 
methods using 16S rRNA gene sequencing are 
predominant. This gene is used as a phylogenetic marker 
because its sequences are highly conserved (Srinivasan 
et al., 2015).   

The aim of the present study was to evaluate the water 
quality by the isolation and identification of representative 
bacterial species present in this environment, using 
biochemical and molecular methods. 
 
 
METHODS 
 
Study area 
 
The Cavouco stream, located at latitude 8°2'52.05"S and longitude 
34°57'10.33" W, state of Pernambuco (UFPE), Brazil, is 
approximately 6 km long, and flows into the right margin of the 
Capibaribe River, one of the main rivers of state. Along its course, it 
receives pollutants from residential, laboratory and hospital waste, 
which reduces the water quality and threatens the aquatic life 
(Araujo and Oliveira, 2013; Freitas et al., 2016). Water samples 
(200 mL) were collected from five points (Figure 1) along the 
stream, according to the methods of Araújo and Oliveira (2013), 
and stored between 1 and 4°C until subsequent bacteriological 
analysis. 
 
 
Isolation and phenotypic identification of bacterial isolates 
 
For bacterial isolation, 50 µL  of  water  was  inoculated  onto  eosin  
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methylene blue (EMB) agar and 5% bovine blood agar (to count 
colony forming units), and incubated at 37°C for 24 to 48 h. Gram 
staining was then performed to make presumptive identifications of 
the bacteria found according to the technique described by 
Koneman and Winn (2006). 

Gram-negative isolates were preliminarily identified using the 
following biochemical tests: glucose, lactose and sucrose 
fermentation, hydrogen sulfide production, motility, indole 
production and citrate, lysine and urea degradation. Species 
identification was confirmed using the Kit API 20E (Biomérieux), 
according to the manufacturer’s instructions. 

Gram-positive isolates were preliminarily identified through 
colony morphology, hemolysis in blood agar, and 
presence/absence and position of spores, visualized through Gram 
staining. Species identification was confirmed using an automated 
system (BD Phoenix™ Automated Microbiology System). 
 
 
Analysis of total and thermotolerant coliforms 
 
For analysis of total and thermotolerant coliforms, water samples 
were collected from the water surface at a depth of 30 cm, from 
each of the five sampling points. The samples were stored between 
1 and 4°C until analysis. 

The presence and number of total and thermotolerant coliforms 
were determined using the multiple-tube fermentation method, and 
the results were expressed as most probable number (MPN) per 
100 mL of sample, according to APHA (2015). 
 
 
Molecular identification using 16S rRNA gene sequence 
analysis 
 
The bacterial samples were inoculated into 5 mL brain heart 
infusion (BHI) broth for 24 h at 37°C for to DNA extraction. 
Chromosomal DNA was extracted using the phenol-chloroform 
method (Sambrook and Russell, 2001). DNA quality was evaluated 
by electrophoresis in a 0.8% agarose gel using 0.5× TBE buffer and 
run at 100 V for 1 h; gels were analyzed using a UV transilluminator 
and photographed. DNA concentration was quantified using a 
Nanodrop spectrophotometer (Thermo Scientific). 

The 16S rRNA gene was amplified by polymerase chain reaction 
(PCR), using the primers fD1 (5´-AGAGTTTGATCCTGGCTCAG-
3´) and rD1 (5´-AAGGAGGTGATCCAGCC-3´) (Weisburg et al., 
1991). PCR was performed in a final volume of 25 μL, containing 1× 
buffer, 200 µM dNTPs, 1.5 mM MgCl2, Taq DNA-polymerase (1 
U/µL; Invitrogen), 10 pmol of each primer, and 10 ng of DNA 
template. The PCR was performed using a thermocycler (C1000 
Thermal Cycler – BioRad), and the PCR program consisted of 95°C 
for 5 min, 30 cycles at 95°C for 45 s, primer annealing at 54°C for 
45 s, extension at 72°C for 2 min, and a final extension at 72°C for 
5 min. 

PCR products were purified using the Pure Link purification kit 
(Invitrogen) according to the manufacturer’s instructions, and 
sequenced using the Big Dye Kit (Applied Biosystems) on an 
automated DNA sequencer (ABI 3100). The 16S rRNA gene 
sequences obtained was compared with sequences deposited in 
the GenBank database (NCBI). The dendrogram was constructed 
using multiple sequence alignment, based on genetic distances, 
maximum parsimony, and maximum likelihood, using Molecular 
Evolutionary Genetic Analysis 5.2 software (MEGA5). 
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Figure 1. Representation of Cavouco creek area, Brazil, showing the five collection points (P1-P5) and microbial representatives 
obtained from each point. 

 
 
 

Bacterial library of Cavouco stream – UFPE 
 
Identified bacteria were stored in 80% glycerol (150 µL of glycerol 
and 850 µL of bacterial culture) at -80°C, and under pure mineral oil 
(Isofar) at ambient temperature. The isolates were labeled 
according to: C (Cavouco), P (sampling point), the number of 
sampling points, and the number of isolations. 
 
 
RESULTS 
 
Microscopic and biochemical identification of 
bacterial colonies 
 
Inoculated blood agar presented innumerable colony 
forming units (CFU), except for water samples collected 
at the stream source (Point 1), for which only a few 
colonies were observed. Due to EMB medium selectivity, 
these plates presented an average of 200 CFU, with a 
lower number of CFUs observed for Point 1, and higher 
number for point 5 EMB plates presented colonies with 
metallic green sheen, dark center, some with bright or 
pink edges, and mucoid appearance. In blood agar, some 
colonies were shiny or gray, with or without beta-hemolysis, 
and with irregular edges. Microscopic examination of 
Gram-stained colonies revealed  the  presence  of  Gram-

negative and positive bacilli. Some Gram-positive bacilli 
were observed to be arranged in chains, filaments and 
spherical bodies. Approximately, 22 and 25 colonies were 
selected from the most frequent colonies present on EMB 
medium, and from blood agar, respectively. 

A total of 25 isolates were identified phenotypically, 
belonging to seven genera (Bacillus, Enterobacter, 
Escherichia, Klebsiella, Proteus, Pseudomonas and 
Staphylococcus). Enterobacteria were present in all 
sampling points. Proteus mirabilis was highly prevalent 
among Gram-negative species (with eight isolates mostly 
from point 5), followed by Escherichia coli (six isolates), 
and Klebsiella pneumoniae (five isolates, from points 2, 
3, and 4). Among the Gram-positive bacilli, the genus 
Bacillus was prevalent, with two species (Bacillus 
licheniformis and Bacillus pumilus) identified from point 4, 
and one (Bacillus cereus) from point 1. Another Gram-
positive species, S. hominis, was identified from point 4 
(Table 1). 
 
 
Presence of total and thermotolerant coliforms  
 
All analyzed samples were positive to total and 
thermotolerant  coliforms,  presenting   an   MPN  >  1.4 ×   
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Table 1. Phenotypic and molecular identification of isolated bacteria from Cavouco stream collection points. ID: Identity. *Access number 
refer to sequences deposited in GenBank. 
 

Points Isolates 
Phenotypic Identification  16S rRNA gene sequencing 

API 20E (ID%)  BD Phoenix  Species Similarity (%) Accession* 

P1 CP11S - Bacillus cereus  Bacillus cereus  99 KT719668.1 

P2 
CP23P Escherichia coli (99.8%) -  Escherichia coli 99 CP014225.1 
CP24P Escherichia coli (94.8%) -  Escherichia coli 99 CP014225.1 
CP22P Klebsiella pneumoniae (97.8%) -  Klebsiella pneumoniae 99 KM233642.1 

        

P3 

CP35S Proteus mirabilis (99.9%) -  Proteus mirabilis 99 KR150991.1 
CP36S Pseudomonas putida (44.5%) -  Pseudomonassp. 99 JQ994361.1 
CP38S Klebsiella pneumoniae (97.9) -  Klebsiella pneumoniae 99 AB680212.1 
CP39P Klebsiella pneumoniae (98.1%) -  Klebsiella pneumoniae 99 AB680212.1 
CP313P Klebsiella pneumoniae (97.7%) -  Klebsiella pneumoniae 99 AB680212.11 
CP37S Escherichia coli (99.8%) -  Escherichia coli 99 CP014225.1 
CP310P Escherichia coli (99.8%) -  Escherichia coli 99 CP014225.1 
CP311P Escherichia coli (99.8%) -  Escherichia coli 99 CP014225.1 

        

P4 

CP414S Escherichia coli (99.9%) -  Escherichia coli 98 CP013837.1 
CP416S Klebsiella pneumoniae (97.7%) -  Klebsiella pneumoniae 99 KC524425.1 
CP415S Enterobacter clocae (99.4%) -  Enterobacter clocae 99 GU191924c.1 
CP418S - Bacillus licheniformis  Bacillus licheniformis 99 KJ26873.1 
CP419S - Bacillus pumilis  Bacillus pumilis 99 KJ526890.1 
CP420P  Staphylococcus hominis  Exiquobacterium spp. 99 KT074375.1 

        

P5 

CP522S Proteus mirabilis (99.9%) -  Proteus mirabilis 99 KF811051.1 
CP523S Proteus mirabilis (99.9%) -  Proteus mirabilis 99 KR150991.1 
CP525S Proteus mirabilis (99.9%) -  Proteus mirabilis 99 KR150991.1 
CP526P Proteus mirabilis (99.9%) -  Proteus mirabilis 99 KR150991.1 
CP527P Proteus mirabilis (99.9%) -  Proteus mirabilis 99 KR150991.1 
CP528P Proteus mirabilis (99.9%) -  Proteus mirabilis 99 HQ169118.1 
CP527P Proteus mirabilis (99.9%) -  Proteus mirabilis 99 KR150991.1 

 
 
 
10

3
/100 mL. 

 
 
Molecular identification using 16S rRNA gene 
analysis  
 
The 16S rRNA gene sequences (approximately 1.500 bp) 
for the 25 selected isolates were aligned, and compared 
with sequences deposited in the GenBank database. The 
obtained sequences were found to have a high degree of 
genetic similarity (98-99%) with deposited sequences for 
the same species, confirming their phenotypic 
identification. Of the 25 isolates, only S. hominis did not 
display concordance between the phenotypic and 
molecular identification. This isolate was identified 
phenotypically as belonging to the genus Staphylococcus, 
but through molecular analysis, it revealed 99% similarity 
with the genus Exiguobacterium (Table 1). The 
phylogenetic tree showed clustering of 16S rRNA gene 
sequences obtained from the studied isolates with those 
from GenBank, confirming molecular identification (Figure 
2). 

Construction of the bacterial library of Cavouco 
 
The bacterial library of Cavouco currently includes 21 
Gram-negative and four Gram-positive species isolated 
from five sampling points, stored in frozen stocks under 
mineral oil. These are the first bacterial isolates of this 
environment, and the first representatives of the Bacterial 
Library of Impacted Environments of UFPE. 
 
 
DISCUSSION 
 
The analyses showed high water contamination of the 
Cavouco stream, located in Recife-PE, Brazil, with all 
samples containing thermotolerant coliforms. The 
presence of coliforms is a parameter evaluated for water 
quality monitoring programs and indicates the presence 
of potentially pathogenic microorganisms (WHO, 2014). 

In the present study, the quantification of microbiological 
parameters indicated that all samples were unfit for 
human consumption and recreational use. The observed 
coliform levels were higher than those considered safe by 
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Figure 2. Similarity dendrogram generated from the comparison between the 
sequences of 16S rRNA strains isolated from collection points at Cavouco and the 
deposited ones in GenBank database. 

 
 
 
the US Environmental Protection Agency (EPA), 2011 
and the Brazilian Environmental Council (Normative 
Resolution N° 357/2005) (CONAMA, 2005), representing 
risk for human health. 

Indications of significant pollution in the studied regions 
of the Cavouco stream had been previously observed. 
Araujo and Oliveira (2013) analyzed Cavouco stream 
water, and found changes in the levels of dissolved 
oxygen, ions and ammonia, as well as values of the 
Index of Water Quality for the Protection of Aquatic Life 
(IQAPVA) indicating low capacity for the maintenance of 
aquatic life. 

Enterobacteria were present at all sampling points in 
the present study. Several studies have shown that most 
enterobacteria  can  cause  infections  because   of   their 

ability to survive in hostile environments and their ability 
to develop resistance to antimicrobial drugs (Irenge et al., 
2015; Tajbakhsh et al., 2015; Patel et al., 2016). 

Several pipes located along the margins of the 
Cavouco stream discharge residential, hospital, and 
laboratory effluents into the stream, which explains the 
presence of bacteria of fecal origin. In addition, the 
existence of pastures for animal grazing and the 
development of other activities, together with the poor 
conservation state of the local riparian forest, could 
contribute to this microbiological water pollution. 

Previous studies of affected environments have reported 
similar results. Rodrigues et al. (2009), evaluated the 
water quality of the Piracuama River, located in the state 
of São Paulo (SP), Brazil, and identified enterobacteria of  



 
 
 
 
genera Citrobacter, Edwardsiella, Enterobacter, 
Escherichia, Klebsiella, Morganella, Salmonella and 
Shigella. A study performed on a contaminated river in 
India also identified the presence of important pathogens 
for public health, namely Edwardsiella spp., Enterobacter 
spp., E. coli, Morganella spp., Proteus spp., 
Pseudomonas spp., Serratia spp. and Staphylococcus 
spp. (Skariyachan et al., 2013), with fecal coliforms being 
the most common pathogens in contaminated rivers and 
streams (Kim et al., 2013; Liu et al., 2015). 

Escherichia coli was isolated from several sampling 
points of stream, is used as a specific indicator of fecal 
contamination in tropical and temperate regions (Páll et 
al., 2013). This species is considered one of the main 
causes of diarrhea in adults and children in developing 
countries, infection most often occurring through contact 
with contaminated water (Walker et al., 2007; Isidean et 
al., 2011) and is an important cause of urinary tract and 
wound infections and pneumonia in immunosuppressed 
hospitalized patients, and meningitis in newborn children 
(Wijetunge et al., 2015; Martelius et al., 2016). 

Proteus spp. has been described as an important 
infectious agent in hospital environments (Chen et al., 
2014; Murray et al., 2015). Bacteria from the genus, are 
commonly found in the environment, especially in 
locations with water pollution and soils with degraded 

material (Drzewiecka, 2016). A study performed in 
hospitals located in northeast Brazil, the same region as 
the present study, isolated P. mirabilis, which produces 
extended spectrum beta-lactamase (ESBL), have been 
reported to be an important cause of nosocomial infection 
in worldwide (Abreu et al., 2011). In the present study, 
this species was isolated in an area where there is 
discharge of hospital waste. 

The genus Klebsiella is widely distributed in nature and 
in the gastro intestinal tract of humans and animals.. K. 
pneumonia can also be found in the oropharynx of 
hospitalized patients, constituting a source of pulmonary 
infections, and usually occurring in patients with 
debilitating conditions such as alcoholism and diabetes 
(Distel et al., 2013). This species can also infect the 
urinary tract, cutaneous wounds, and blood, causing 
bacteremia, meningitis in infants, hepatic abscess, and 
urinary tract infections (Siu et al., 2012). This species has 
gained importance due to the development and inter-
species and intra-species dis-semination of several 
antimicrobial resistance mechanisms, namely, the 
production of beta-lactamases such as ESBLs and KPC 
(K. pneumoniae Carbapenemase), which degrade beta-
lactam antibiotics, frequently detected in hospitalized 
patients in Recife, PE, Brazil (Lopes et al., 2010; Cabral 
et al., 2012; Melo et al., 2014). 

The presence of the genus Bacillus in the Cavouco 
stream is worrisome. The presence of Bacillus in food in 

amounts higher than 10 cells per gram indicates 
multiplication, and indicates a high health risk (Germano 
and Germano, 2003). Another interesting aspect was  the 
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observed diversity of Bacillus species. This might indicate 
that the environmental conditions (nutrients, temperature, 
humidity, oxygen concentration, and pH) were favorable 
for the multiplication and maintenance of these species at 
the studied site. 

Bacillus species can sporulate, and the resistance 
conferred by these spores constitutes an important 
problem for the epidemiology of associated infections. 
Because the Cavouco stream is a tributary of the 
Capibaribe River, which is used as a water source for 
local agriculture and fishing, the presence of Bacillus 
could contribute to food contamination. 

Of the five sampling points, points 3 and 4 presented 
the highest microbial diversity, whereas point 5 yielded 
only one species, P. mirabilis. The absence of diversity at 
point 5, which receives the discharge of effluents from a 
morgue and hospital, may have been due to difficulty of 
isolating Gram-positive bacteria and the lack of selectivity 
of the blood agar used for bacterial cultures. Another 
possible explanation for the difficulty in isolating Gram-
positive bacteria was the presence of high concentrations 
of toxic substances in hospital effluents, such as 
antibiotics, cytostatic agents, heavy metals, disinfectants 
and hormones, which could have a genotoxic effect on 
these bacteria (Jean et al., 2012; Devarajan et al., 2015). 

Molecular tools were used in the present study to 
confirm the phenotypic identification of the 25 isolates. 
The 16S rRNA gene is widely used as phylogenetic 
marker, and it has been sequenced for a large number of 
bacterial lineages (Srinivasan et al., 2015). Most of these 
sequences are deposited in the GenBank database 
(Benson et al., 2012), and can therefore be compared 
with sequences of new isolates. 

For isolates belonging to different species, their 16S 
rRNA gene sequences must share less than 97% 
similarity (Goebel and Stackebrant, 1994). The 
sequences obtained in the present study shared 98% or 
higher similarity with sequences deposited in the 
GenBank database, confirming the phenotypic 
identification of all isolates, except for S. hominis, which 
presented 98% similarity with genus Exiguobacterium. 
This can be explained by the fact that both genera have 
very similar morphological and biochemical 
characteristics, such as motility, positive catalase and 
urease activity, negative phosphatase and coagulase 
activity, presence or absence of nitrate reduction, and 
acid production under aerobic conditions, and both 
contain aerobic and facultative anaerobic species 
(Stieglmeier et al., 2009). These colonies are spherical, 
opaque, butyrous or yellow-orange, growing at 
temperatures varying between 20 and 45°C (Schleifer et 
al., 1979; Collins et al., 1983). The similar morphological 
and biochemical characteristics of the two genera might 
have contributed to its initial identification as 
Staphylococcus. Similar results were reported by Elmaci 
et al. (2015), who observed a divergence in identification 
at the species level for 53.3% (81/152) of the tested lactic 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Jean%2520J%255BAuthor%255D&cauthor=true&cauthor_uid=22466706
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acid bacteria isolates, identified phenotypically using the 
API CHL method and 16S rRNA gene sequence analysis. 
Bosshard et al. (2006) observed a discrepancy at the 
genus and species level for 20.6% (12/58) of the tested 
non-fermenting Gram-negative bacterial isolates, 
identified using API 20 NE and 16S rRNA gene sequence 
analysis. Both studies attributed this divergence to the 
similarity of morphological and biochemical characteristics 
of different taxonomic groups, making identification using 
phenotypical methods difficult, and confirming the 
specificity of molecular analysis.  

The present results indicate that the Cavouco stream 
could significantly contribute to an increase in microbial 
pollution, presenting a potential risk of waterborne 
disease transmission, as genera of pathogenic bacteria 
were identified. In addition, the current state the Cavouco 
stream also threatens the conservation of its native 
species. Environmental cleaning actions such as the 
establishment of a sewage collection and treatment 
systems are urgently needed to improve the water quality 
of this and other affected aquatic environments, such as 
rivers, lakes and coastal areas. The obtained data 
enabled the establishment of a bacteria library, which will 
help to understand the evolution of impacted 
environment, in terms of environmental quality, overtime. 
The present study characterized a sample of cultured 
bacteria isolated from the studied area. In spite of the 
importance and relevance of this data for public health, it 
does not represent the totality of organisms present in the 
studied area.  
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