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Abstract
The modern and rapid avenue for detecting pathogens provided by molecular genetic techniques
including polymerase chain reaction (PCR) was explored in the present study to identify prevalent disease
pathogens, from six aquaculture farms and in two commonly cultured �sh in Ghana. The speci�c
detection was carried out directly on clinical samples of naturally infected �sh (O. niloticus and C.
gariepinus) based on syber-mix reaction protocol in traditional PCR. Molecular diagnostic techniques
allowed the detection of six most common and important bacteria pathogens in aquaculture farms in
Ghana. Also, three of the pathogens (Streptococcus agalactiae, Streptococcus iniae and Staphylococcus
aureus) were simultaneously isolated in a multiplex reaction. The results indicated 90% - 100% sensitivity
and speci�city for each of the six bacterial pathogens tested. Streptococcosis and motile aeromonad
septicemia were found to be highly prevalent in most aquaculture farms in Ghana with severity in
infections traced to the 85.7% and 14.9% co-infections with all six target pathogens in cat�sh and tilapia
respectively.  Prevalence rate of infections signi�cantly correlated with variations in salinity, conductivity
and dissolved oxygen concentrations in the thermal stressed condition of the culture water.

1.0 Introduction
Fish reared in aquaculture facilities are highly susceptible to infectious diseases caused by a diverse
collection of pathogens (Real, 1996). Bacterial pathogens however, represents the major cause of these
infectious diseases and mortalities in �sh under such con�ned conditions (Post, 1989; Zorrilla, et. al.,
2003). Although pathogenic bacteria have been implicated in �sh diseases, only a relatively small number
are responsible for important economic losses in cultured �sh worldwide, belonging to the genera Vibrio,
Aeromonas, Flavobacterium, Yersinia, Edwardsiella, Streptococcus, Lactococcus, Renibacterium, and
Mycobacterium (Austin and Austin, 1999). These are prominent microbiota in freshwater reservoirs where
together with other microorganisms, act as natural bio-�lters that promote self-puri�cation of water bodies
(Suthikrai et al., 2012). Despite being present as a necessity in normal micro�ora and hydrobionats
inhabiting �sh reservoirs (Kompanets et al; 1992), they frequently cause problems in both wild and
cultured �sh (Cipriano, 2001). They are known to heavily affect the Food Conversion Ratio (FCR), reduce
marketable product and damage production and processing e�ciency, as well as causing large �sh kills
(Austin and Austin, 1999). Thus, most intensive �sh farming operations suffer from between six and eight
major production diseases, such as: Streptococcosis, Columnaris, Enteric Septicemia, Vibriosis, Motile
Aeromonas Septicemia (MAS), Enteric Red Mouth disease and Mycobacteriosis. These diseases in
aquaculture systems have increased signi�cantly over the last decade thus representing the largest single
cause of economic losses in aquaculture (Meyer, 1991). It constitutes a huge threat to �sh farming and
requires effective control strategies to ensure true sustainability of the aquaculture industry (Komar et al,
2018).

To effectively control these diseases, require the identi�cation of the presence of speci�c pathogen and
monitoring of the changes in their abundance. However, in Ghana, the identi�cation of bacteria pathogens
from �sh is mostly based on conventional microbiological methods, by isolation and culturing of bacteria
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which is technically demanding, and often limited by the length of time required to complete the assays.
In addition, there are lack of pure isolates to a�liate the identi�cation of unfamiliar and newly identi�ed
species. The DNA-based technologies, including Polymerase Chain Reaction (PCR) has helped in
overcoming major challenges faced by culture-based techniques (Altinok and Kurt 2003). Also, multiplex
(m-PCR) assay, a DNA-based technology acting as an extension of the traditional PCR allows
simultaneous ampli�cation of multiple DNA sequence or targets in a single reaction, using multiple primer
sets (Mata et al., 2004). This approach saves time and effort without compromising the utility of the
experiment. It also has the potential to control false negatives, conserve reagents and DNA templates that
may be in short supply.

The application of multiplex assays in disease diagnosis is highly vital since more often, �sh diseases are
caused by the synergistic interactions between two or more taxa, and not by a single taxon (Kotob et al,
2017). It has been established that streptococcal infections for instance, are not a single entity, but a
cluster of similar infections caused by Gram positive cocci which belong to several genera, including
streptococci (Fadaeifard et al., 2018). Generally, the natural environments harbour a wide diversity of
micro-organisms, and may all utilize the opportunity to infest a �sh host under favourable environmental
conditions. However, in practice, single pathogen identi�cation is usually deployed in �sh disease
diagnosis research. Thus, based on this characteristic feature in the mode of infections, this study also
targeted the isolation and identi�cation of multiple pathogens likely to cause disease in cultured �sh in
Ghana. Thus, six of the organisms that have been implicated in diseases of farmed warm-water �sh were
investigated to ascertain their level of impact on cultured �sh in Ghana. The effect of physicochemical
parameters on bacterial infection in these �sh species were also assessed. Rapid diagnoses of �sh
diseases with molecular tools to enhance effective management of diseases in aquaculture systems in
Ghana was therefore the basis for this study.

2.0 Materials And Methods

2.1 Study Areas
Fish samples were taken from 6 aquaculture farms (4 tilapia farms, 1 cat�sh farm, 1 both tilapia and
cat�sh farm) located within the southern part of Ghana and representing three regions (Central, Eastern
and Greater Accra regions), where vibrant aquaculture farms of both cage and pond systems with
reported history of disease conditions (Alhassan et al, 2018) are located. The locations of the farms
based on their GPS are shown in Figure 1. Three of these farms were semi -intensive systems operating
under the pond system of farming, (F3, F5, F6) whiles the other three were operating under the intensive
and cage system of farming (Fi, F2, F4). Per the scale of production, farms selected were representative of
small (F5, F6) medium (F3, F4) and large (F1, F2) scale aquaculture farms in Ghana.

2.2 Sample Collection
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A total of 575 �sh tissues (tilapia) were obtained from 200 clinical and 200 non-clinical specimens of
tilapia and 75 tissues from 25 diseased and 25 healthy cat�sh. Sampling was done aseptically, by
avoiding contamination from external sources, thus quickly transported in cold boxes to the laboratory
(CSIR-Water Research Institute). Physico-chemical parameters (Temperature, Salinity, Conductivity,
Dissolved Oxygen and pH) of the water were measured in-situ per each of the four sampling sessions,
using a water quality testing kit (Hanna Instruments, HI 98129, Woonsocket RI, USA). Measurements were
taken from a minimum of three ponds/cages from each farm with parameters taken from 3 points per
pond/cage and averages taken to ensure accuracy of results. Three replicates of water samples were
taken per each sampling session, from each farm for microbial analysis.

2.3 Sample Preparation and DNA Extraction
Fish samples were subjected to clinical and post mortem examinations following Austin and Austin
(1999) method. Brie�y, for external examination, skin surface abnormalities were noted with photographs
of anomalies taken. Both eyes were examined with a hand lens for changes in size, location in orbit
(sunken, protruding, level), and changes in colour. Gills were examined by removing the operculum and
changes in colour noted. Internal organs were also observed after dissection for changes in size, colour,
shape and lesions. Morphometric parameters (length, weight) of the �sh were taken prior to dissection.
Fish dissection was as described by Noga, (1996). Tissues examined were liver, gills, kidney, including
diseased portions, gut as well as skin washes. Fifty (50) mg of the tissues were prepared as starting
materials for DNA extraction whiles water samples, skin washes and guts content dissolved in 100ml of
distilled water were �ltered, and portions of the air-dried �lter paper cut for DNA extraction. With little
modi�cations, the Qiagen DNA extraction protocol was used to extract the DNAs from the �sh materials
and water samples. Brie�y, 50mg of tissues were homogenized in 45ul of Animal Tissue Lysis (ATL)
buffer with 5ul of Proteinase K and incubated overnight at 56oC. The extraction procedure was continued
as directed by manufacturer’s instructions.

2.4 Single/Multiplex PCR Assays: Detection of Universal and
Speci�c Bacteria Species in Fish Samples
All DNA samples were screened for the presence of bacteria using universal primers U63/1378 (Zhang et
al., 2016), targeting the 16S rRNa gene of bacteria. The traditional PCR reaction protocol had a total
reaction mixture of 10ul: 5ul of Syber Green enzyme, 10uM of 0.3ul of each primer set, 2.4 ul nuclease free
water and 2ul of DNA. The cycling conditions had an initial denaturation of 94oC for 3mins followed by 30
cycles of 94oC denaturation, 50oC annealing, both at 45seconds each and at 72 oC extension for 1 minute.
A �nal extension was set at 72 oC for 5 minutes. The samples that ampli�ed for universal bacteria were
then screened for the presence of the six target species (Streptococcus iniae, Streptococcus agalactiae,
Staphylococcus aureus, Aeromonas hydrophilla, Edwardsiella ictaluri, Flavobacterium columnare) in a
single-plex assay. Selection of target species was based on the fact that disease symptoms as observed
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were characteristic of these extracellular bacteria. All primers used as described in previous publications
(Mangala et al., 2002; Gri�n et al., 2011; Robert et al., 2012) were synthesized by ISOGEN Bioscience BV
(Maarssen, The Netherlands. Primer sets were all tested for speci�city, sensitivity, optimal annealing
temperature and primer e�ciency as previously described by Bustin, (2010) and Bustin et al., (2009). The
detailed primer sequences and additional information are provided in Table 1. The reaction protocols and
cycling conditions were modi�ed to amplify one set of the bacteria in a multiplex PCR (m-PCR)
(Streptococcus iniae, Streptococcus agalactiae and Staphylococcus aureus). The m-PCR was optimized
for the simultaneous detection of the three microorganisms by testing two or more concentrations of
primer (0.5, 1, 1.5, and 2uM), DNA or optimization of cycling conditions, and then running over a gradient
annealing temperature. Negative controls, where template DNA in the reaction were replaced with distilled
water was included in reactions. Also, positive controls of pure bacteria colonies (Streptococcus,
Staphylococcus: clinical isolates from diseased Nile tilapia, isolated at the Council for Scienti�c and
Industrial Research-Water Research Institute (CSIR-WRI) Microbiology laboratory, Accra, Ghana) were
included in the reaction as a quality control measure. Ampli�ed PCR products were visualized by 2%
agarose gel electrophoresis. Brie�y, PCR products mixed with loading dye was loaded into the gel wells
and allowed to run on electric �elds moving from the positively charged electrodes to the negatively
charged electrodes. The resulting ampli�cations were visualized as bands using a UV Trans illuminator
(BioDoc-it imaging system, Upland, USA). Samples were also sequenced to further ascertain the speci�city
of target species. 

2.5 Statistical Analysis
 Prevalence rates, that is, the percentage of �sh in a population that have the disease or percentage of
speci�c species of pathogen in a �sh were estimated by GenAlEx 6.5: genetic analysis in Excel (Peakall R,
2012). ANOVA was used to test the mean signi�cant difference of bacterial occurrence among individuals,
farms and the various tissues analyzed. Pearson’s Correlation co-e�ciency was used to determine the
correlation between physico-chemical parameters and prevalence rate of infections. The signi�cance level
was set at P < 0.05. Sequenced results were compared against the GenBank database of the National
Centre for Biotechnology Information (NCBI) by using the BLAST (Basic Local Alignment Search Tool)
program (http://blast.ncbi.nlm.nih.gov).

3.0 Results

3.1 Clinical/Postmortem Findings
Per the clinical and postmortem examination, major clinical features like ulcerative skin, dark skin
colorations, detachment of scales, exophthalmia, cloudy eyes, ascites, abscess, varied sizes of red
patches on the body surface, hemorrhages, and gill necrosis were observed in tilapia samples. Fin/barbel
erosions, in�amed vent, septicemia, abdominal distension with sero-hemorrhagic �uids and enlargement
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of liver were also observed in cat�sh samples. These diseased �sh samples showed one or more of the
signs listed above depending on the severity stage of disease.

3.2 Morphometric and Water Quality Analysis
Based on morphometric analysis (Table 2), diseased �sh samples obtained from the various farms
particularly that of tilapia, were predominantly juveniles, within the size range of 8-21cm (Fig 2). Water
quality parameters were generally within optimum ranges although some high and low values were
recorded for some parameters on some farms (e.g. Dissolved Oxygen (DO)). pH values recorded were
between 6.47±0.55- 10.44±0.15, DO (3.0±0.4-5.4 ± 0.72mg/L), temperature (29± 0.9-33.4±0.280C), Salinity
(34- 582 ppm) and conductivity between 68 and 1162 µS/cm (Table 3). Signi�cant positive correlations
were obtained between the prevalence rate of infections and salinity, DO and conductivity of culture water.

3.3 Molecular Diagnoses of Bacterial Infections
Samples screened for the presence of bacteria with universal bacteria primers included tilapia, cat�sh,
and water samples from pond and cages obtained from the various farms. A total of 215 out of 225 �sh
samples were observed to be habouring bacteria in the various tissues (Table 4). The occurrence of
bacterial infections was 95% and 100% in tilapia and cat�sh respectively. Water samples also recorded
the presence of bacteria from each farm at an average prevalence rate of 33.3%. The prevalence rate of
pathogens from the various tissues analyzed was also highest in the cat�sh (93.3%), with tilapia
recording 70% prevalence (Table 4). The prevalence rates of speci�c bacterial infections in both tilapia
and cat�sh specimens are shown in table 5. The speci�c species of bacteria isolated among the bacteria-
positive samples, recorded high prevalence among the cat�sh samples than the tilapia, with signi�cantly
(p< 0.05%) high levels of multiple infections. Streptococcus iniae was the bacteria species with highest
prevalence rate recorded in both cat�sh (93.33 %) and tilapia (88 %), as well as in water samples (32 %).
Streptococcus agalactiae was the second highest species recorded in tilapia samples at a prevalence of
72 %, whereas Staphylococcus aureus was second highest recorded for cat�sh (86.67 %). Aeromonas
hydrophila occurred at a prevalence rate of 44% in cat�sh samples, although recorded the lowest
prevalence in tilapia samples (12 %). Flavobacterium columnare was the lowest recorded in cat�sh
samples (22 %). There was no record of Staphylococcus aureus in water samples on all farms. The
diseased portions (skin lesions, ulcerations, eye in specimens with exophthalmia, brain from samples
showing erratic movements, liquid from septicemia) among the tissues analyzed recorded the highest
prevalence of bacterial infections (Fig 3). Bacterial infections with target species were recorded in all the
farms studied (Fig 4). Relatively low prevalence rates were recorded in farms 1 and 2 representing
cage/intensive systems of farming, with high stocking densities but practicing periodic and routine
vaccinations respectively. Comparatively, high infection levels were recorded in farms 4, 5, and 6, also
representing semi-intensive/pond systems of farming, with low to no health management practices. Per
the clinical signs and results from laboratory test, �sh samples were diagnosed with streptococcosis
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disease whereas all other infections particularly, columnaris in tilapia and Motile Aeromonad Septicemia
(MAS) in cat�sh took advantage of the susceptible state of the �sh to proliferate.

The images of the positive ampli�cations of universal and speci�c bacteria in single-plex and multiplex
reactions are shown in the Figures 5 and 6 respectively. The sensitivity of the PCR assay for the isolated
targets was as low as 1pg of DNA and less than 10 CFU. Blast report at nucleotide level showed 100, 98,
97, 90, 92, and 90 percent identity with Streptococcus agalactiae, Streptococcus iniae, Staphylococcus
aureus, Aeromonas hydrophilla, Edwardsiella ictaluri and Flavobacterium columnare respectively.
Generally, the prevalence rate of these pathogens was higher in diseased �sh than in the apparently
healthy �sh (Figure 7). However, this difference was not signi�cant with a P value of 0.14. The uninfected
diseased samples, mainly showed genetic based symptoms like deformities and also represented
individual specimens that gave negative ampli�cation for target species.

4.0 Discussion
We report a molecular-based approach for diagnosing �sh infections and the associated diseases in the
most predominantly cultured �sh species from some selected farms in Ghana. This was undertaken
following the urgent need for a fast and reliable method of disease diagnosis in the country to help curb
the fast rise in mass mortalities resulting from diseases in recent years. Thus, in this study, naturally
occurring diseased tilapia and cat�sh with clinical signs (erratic swimming, lethargy, darkening of the skin,
exophthalmia, skin lesions and ulcerations, eroded barbells, ascites, septicemia, abscess, gill necrosis,
enlargement of liver) associated with bacterial diseases were investigated by PCR in order to identify the
etiological agents. In aquaculture, diseases are known to be agents of mortality in all life stages of �sh,
once conditions are not favorable. However, juveniles or early growth stages are the most susceptible
stages for diseases in �sh (Houde, 1987; Sifa and Mathias, 1987). Morphometric analysis of diseased �sh
samples in this study corroborates these assertions, as diseased samples, particularly tilapia specimens
were predominantly among the juveniles.

Fish are by their nature submerged in their environment, thus tend to have the percentage of bacterial
genera present in their skin mucus almost the same as those in the environment. The results from this
study showed that, almost all the bacterial pathogens detected on the �sh were also present in the water
in which they were cultured. The �sh mucosal immunity made up of the skin and gut serve as the �rst
barrier to infections (Maaser and Kagnoff, 2002) but also constitute a large area for the possible invasion
of pathogens. Thus, the skin, the gut and by extension the diseased portion (dp) recorded signi�cantly
high bacterial invasion (P< 0.05) of 32.33%, 31.44% and 34.25% respectively. The diseased portions, as
labelled in this study were mainly ulcerative skin lesions and lesion from effective parts such as the eyes,
�ns, and gills necrosis, also exposed to the �sh environment as the skin. The other organs, mainly internal
(liver, kidney,) harbored less bacterial pathogens (Fig 3) supporting the claim that detection of pathogens
in the gills and mucosal areas of �sh are more sensitive than in the muscle and other internal organs.
Hence, an important aspect of the pathogenesis of some infections like columnaris constitutes the
adherence of the bacteria to the gills (Decostere et al., 1999).
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Direct isolation of bacteria from diseased �sh without prior culturing was possible in a single-plex PCR
reaction. Unlike in many research works where Taq buffer and polymerase were used in similar reactions
(del Cerro et al., 2002; Mata et al., 2004), this work used a syber-mix reaction protocol which made it a
better option as it reduced bench time and further increased the ease and speed in diagnosis. The protocol
was highly sensitive with a minimum of 1pg of template DNA. The multiplex PCR (M-PCR) protocol
developed was able to simultaneously determine the presence of target pathogens (S. agalactiae, S. iniae
and S. aureus). Thus, in a single reaction, three important pathogenic species of bacteria predominantly
involved in disease outbreak in aquaculture farms could be identi�ed. The protocol represents a good and
fast diagnostic tool as it also gave opportunity of knowing when only one, two, all three or none of the
target species are present in a sample (Fig 6). The m-PCR protocol was found to be 100% speci�c to
target species as there was no ampli�cation of any bacterial DNA after series of reactions using the same
primer sets against different bacteria species. It also demonstrated a 100% concordance with traditional
phenotypic identi�cation systems. Sequenced data con�rmed the speci�city of target species with 90-
100% percentage identity from blast result from NCBI. Application of this protocol was practically easy,
less tedious and enhanced the duration for diagnosis and the number of samples analyzed in minimum
sample volume. Laboratory testing is the ultimate means of diagnosing �sh infections, hence, this
protocol could better help in rapid identi�cation of disease pathogens. Particularly, considering the fact
that all previous studies on bacterial infections in �sh in Ghana using mainly culture-based methods,
identi�ed most pathogens to genus level and could not trace it down to a particular species or strain as
causative agent of speci�c diseases (Takyi et al., 2012; Ampofo, 2000)

Multiple or co- infections were con�rmed in the study by the presence of more than one pathogenic
bacterium in an individual �sh. Tilapia samples showed multiple infections with all six target species; S.
iniae, S. agalactiae, S. aureus, Aeromonas hydrophila, Edwardsiella ictaluri, and Flavobacterium
columnare. Also, in the cat�sh, all six species of bacteria were recorded with signi�cantly higher (P<0.05)
prevalence rates and intensity of infections compared to tilapia. These multiple infections in the cat�sh
were highly consistent with the advanced state of the clinical signs (septicemia) shown in the diseased
samples obtained. Multiple infections here thus substantiate the assertion that disease is caused by the
synergistic interactions between two or more taxa, and not by a single-taxon (Kotob et al, 2017).
Diagnosed individuals in this study were consistent with those reported in other studies (Mohamed et al.,
2014; Iregui et al., 2014; Marcusso et al., 2015).

The genus Streptococcus is one of the most important Gram-positive bacteria (Conroy, 2009; Jimenéz,
2010) in aquaculture systems. Within this, the species S. agalactiae is the most prevalent worldwide
(Sheehan et al., 2009). S. iniae is also a predominant pathogen in both tilapia and cat�sh. From the
results, S. iniae, was the most predominant species affecting 93.33% of cat�shes and 88% of tilapia �sh
samples followed by S. agalactiea. These species of Streptococcus isolated in the study are typical
pathogens implicated in warm-water streptococcosis. Streptococcus infections particularly S. iniae, are
known to be associated with outbreaks that occur at water temperatures above 150C. As observed, all the
ponds and cages recorded a temperature higher than 150C and hence were affected by warm-water
streptococcosis. Particularly, the cat�shes were cultured in a pond of relatively high temperature and
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slightly above the recommended values, hence had severe multiple bacterial infections as compared to
tilapia. When Budiati et al., (2015) assessed the microbial quality of cat�sh and tilapia from wet markets
and ponds, they observed that higher bacterial load in �shes corresponded to high temperatures of pond.
Similar assessment was made by Kouamé et al., (2014) when they studied the aquaculture potential of
�sh in various rearing systems in Ivory Coast and noted that, high temperature of the ponds had effects
on �sh growth rate.

With regards to prevalence, S. aureus was second to S. iniae in cat�sh. It affected 86.67% of cat�shes and
14.78% of Tilapia. Staphylococci in �sh and �sh products has been traced from handlers and �sh farmers
(Singh and Kulsherestha, 1993). speci�cally, cat�sh used in this study as observed had experienced
several human handlings during sorting, harvesting and packaging of ideal size for the market with those
below marketable sizes returned to ponds. Also coupled with the fact that S. aureus was the only bacterial
pathogen that was not recorded from the culture water samples obtained for this study, humans could
therefore be con�rmed as the direct source of S. aureus on the �sh.

Aeromonas hydrophila is the causative agent of motile aeromonad septicemia (MAS). The symptoms of
MAS include swelling of tissues, dropsy, red sores, necrosis, ulceration and haemorrhagic septicemia
(Ibrahem et al., 2008; Swann. And White, 1914). Almost all these signs were shown by the diseased
cat�sh. The presence of A. hydrophila, and similarly of E. ictalluri by itself, is not indicative of disease but
stress often considered to be a contributing factor in the outbreak of disease caused by these bacteria
(Nils kautsky et. al, 2000). Elevated water temperature, decreased dissolved oxygen concentration, or
increased ammonia and carbondioxide concentrations have been shown to promote stress in �sh and
trigger MAS (Ibrahem et al., 2008; Swann and White, 1914) and from this study, co-infection with other
pathogenic bacteria further promotes this condition.

 In tilapia culture, four major bacterial diseases have so far been identi�ed as most important to
aquaculture production namely: Streptococcus agalactiae, Streptococcus iniae, Flavobacterium
columnare and Francisella sp (Komar et al., 2018). Results from this study contributes to these �ndings
as three of these pathogens were found to be prevalent in Ghanaian aquaculture facilities. Although at
various prevalence rates (46%, 39%, 46%, 74%, 75%, 100%), all farms recorded the presence of these
pathogens. Farms from which samples were taken were a good representation of large scale, mid to low
scale operation systems in Ghana thus, corresponding to intensive to semi-intensive systems of �sh
farming. Farming intensity, good husbandry practices and maintaining optimum water quality was found
to be a challenge in some of the farms, hence most of the bacterial infections triggered by suboptimal
water quality and environmental conditions like Flavobacterium columnare, Aeromonas hydrophila, and
Edwardsiella ictaluri were prevalent in this study.

Generally, pathogen load in samples obtained from ponds (all the cat�shes and some tilapia samples)
were higher than those from the cages. The source of these high prevalence of target pathogens was also
traceable to the pond water as there was less �ushing in the pond compared to the increased �ushing in
the cages. This re�ected in the slightly anoxic conditions recorded in most of the ponds. Generally,
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frequent �ushing of ponds reduces the accumulation of benthic communities in the pond, which in turn
reduces bacterial load in the water, and subsequently in the �sh. However, under poor husbandry practices,
where change of �sh pond water is rarely done, excessive accumulation of waste feed and high fecal
material results in increased bacterial populations, and as an indicator the pH would be acidic (Mente et
al., 2006). It was observed from the farms, particularly from the cat�sh pond, that it had huge
accumulation of organic material and was visibly green colored, an evidence of huge quantity of algal
bloom, hence water quality indicated values within the anoxic and acidic ranges as well as high
conductivity and salinity (Table 3), This poor water quality therefore signi�cantly correlated with the high
prevalence of co-infections (Table 6).

Prevalence rate of bacterial pathogens among diseased and healthy �sh samples were not signi�cant.
However, quantitative PCR analysis detailing the actual concentrations of pathogens in both diseased and
healthy �sh are reported elsewhere. The public health implication in consuming physically healthy but
infected �sh from various farms may be of high concern and the proper treatment of �sh prior to
consumption cannot be overemphasized owing to the zoonotic potential of these species. Hence,
aquaculture production in Ghana, focused on increasing consumption of �sh using methods that
minimizes risks to public health is highly critical, particularly that which ensures maintaining good water
quality and minimum contamination by handlers during, feeding, grading and netting.

5.0 Conclusion
The present study concluded that bacterial infections, particularly with streptococcus species are
prevalent in aquaculture farms in Ghana. Co-infections was also found to be prevalent with six bacteria
pathogens in samples. The molecular tools used were very sensitive, speci�c and rapid enough in
identi�cation of disease pathogens even in asymptomatic �sh. The multiplex assay described here using
syber-mix reaction protocol on the three target  species has not yet been reported elsewhere.  The study
thus constitutes an advancement in the available diagnostic methods and the overall technical know-how
in �sh disease diagnosis in Ghana. Effective epidemiological studies and disease control is hinged on
identi�cation of pathogenic species using a fast and reliable methods of diagnosis, hence, the protocol
described this study could be used for routine diagnosis of �sh diseases on commercial basis.
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Figures

Figure 1

Locations of �sh farms in Ghana sampled for disease diagnoses Note: The designations employed and
the presentation of the material on this map do not imply the expression of any opinion whatsoever on the
part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.
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Figure 2

Distribution of Average Standard Length of Nile tilapia obtained from all Farms

Figure 3

Prevalence Rate of Bacteria in Various Tissue Samples of Nile Tilapia (A) and Cat�sh (B) Cultured in
Ghana. (sw is skin washes, and dp is diseased portions)



Page 17/19

Figure 4

Prevalence Rate of Bacterial Infections among Six Fish Farms in Ghana

Figure 5

Gel image from PCR ampli�cation for detection of six species of bacteria in a singleplex reaction. ( Lanes
1 and 9 are positive for Aeromonas hydrophilia (190bp), Lanes 2 and 4 are positive for S. iniae (1100bp),
Lanes 3 and 8 are positive for S. aureus (700bp), Lanes 6 and 7 are positive for S. agalactiae (220bp) ,
Lanes 5 and 11 are positive for Edwardsiella ictalueri(407bp), and Lane 12 is positive Flavobacterium
columnare (504bp), NC is negative control and M is Molecular marker).
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Figure 6

Multiplex PCR Detecting 3 target Bacteria of Aquaculture Importance: (Streptococcus agalactiae (200bp),
Staphylococcus aureus (700bp) and Streptococcus iniae (1100bp). Sample 1: ampli�ed for S. agalactaie,
sample 2 ampli�ed for S. agalactiae and S. aureus, samples 3, 7 and 8 each ampli�ed for both S. iniae
and S. aureus whiles sample 6 shows ampli�cation for all three bacteria species. Samples 4 and 5 didn’t
amplify for any bacteria. NC is negative control and M is Molecular marker.

Figure 7

Prevalence Rate of Infections in Fish per their Health Status
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