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Abstract: The growth of Zambia’s aquaculture sector has brought significant economic opportunities
while also introducing challenges related to fish health management. This study investigated the
prevalence and distribution of Epizootic Ulcerative Syndrome (EUS), Lactococcosis, and Tilapia Lake
Virus (TiLV) across wild and farmed fish populations in Zambia. A total of 349 fish samples were
collected from seven districts, encompassing eight fish species. EUS was detected in six wild fish
species, including Tilapia rendalli (10.3%), Oreochromis macrochir (11.7%), and Oreochromis andersonii
(7.2%). Its prevalence varied geographically, with Mongu (13.7%) and Shang’ombo (10.4%) exhibiting
the highest positivity rates. Histopathological findings revealed lesions pathognomonic for EUS,
confirming the impact of environmental conditions, such as low pH, on the pathogen’s proliferation.
Importantly, no EUS cases were detected in farmed fish. Lactococcosis was identified exclusively in
Oreochromis niloticus from Siavonga, with a high prevalence of 68.4%. This localized outbreak
highlights the role of environmental stressors, such as high stocking densities in cage culture systems,
in promoting pathogen proliferation. Other surveyed locations and species showed no evidence of
Lactococcosis, suggesting effective biosecurity measures in these regions. No TiLV genome was
detected, confirming Zambia's TiLV-free status at the time of the study. This underscores the
importance of ongoing surveillance and biosecurity to prevent the introduction of this globally
significant pathogen, which poses severe risks to tilapia farming worldwide. These findings
emphasize the need for enhanced disease monitoring, targeted health interventions, and improved
management practices to support the sustainable development of Zambia’s aquaculture sector.

Keywords: fish biosecurity; EPIZOOTIC Ulcerative Syndrome (EUS); Tilapia Lake Virus (TiLV);
Lactococcus garvieae

1. Introduction

Zambia’s aquaculture industry has experienced remarkable growth over the past two decades,
increasing production from 12,000 tons to over 72,000 tons annually by 2022 (Zhang et al., 2024).
Despite this progress, the country still faces a fish supply deficit, driven by a growing population and
declining capture fishery stocks due to overfishing and environmental degradation (Genschick et al.,
2017). This persistent demand for fish presents significant opportunities for further expansion of the
aquaculture industry.

Zambia’s extensive fisheries and aquaculture resources are anchored in three major river basins:
the Zambezi, Luapula, and Congo.(Mukuka and Shula, 2015). These river basins support diverse
aquatic ecosystems, vital for capture fisheries and aquaculture, while underpinning livelihoods and

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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national food security. They form the foundation for planned aquaculture sector growth and
development (Ministry of Planning and National Development, 2017).

The growth of Zambia’s fish farming industry, especially in Tilapia production (Oreochromis
spp.), has established the country as the leading Tilapia producer in the Southern African
Development Community (SADC) and the sixth-largest producer of farmed fish in Africa (Genschick
et al., 2017). However, the intensification of aquaculture systems presents significant challenges,
notably the emergence and spread of infectious diseases, which pose serious threats to productivity
and long-term sustainability (Sundberg et al., 2016).

Fish diseases are a significant constraint to the growth, resilience, and sustainability of the
aquaculture industry, posing challenges to both productivity and biosecurity (Aly and Fathi, 2024).
The translocation of live fish, particularly when conducted without adherence to proper quarantine
measures or comprehensive disease screening protocols, significantly elevates the risk of pathogen
introduction and spread. This risk is further amplified as aquaculture systems interact with natural
aquatic ecosystems, facilitating the transmission of infectious agents to wild fish populations and
other interconnected water bodies (Othman et al., 2024). Of particular concern is the importation of
juvenile broodstock from regions that have documented outbreaks of viral infections and other high-
impact diseases (Megarajan et al., 2020; Kawato et al., 2022). These movements can inadvertently
introduce novel pathogens into Zambia’s aquaculture systems and natural aquatic environments,
threatening not only farmed fish but also the biodiversity and ecological balance of native species.

Globally, diseases such as Epizootic Ulcerative Syndrome (EUS), Tilapia Lake Virus (TiLV), and
Lactococcosis have caused devastating losses in aquaculture systems, with mortality rates reaching
up to 100% in the case of EUS and TiLV among susceptible populations under farming conditions
(Behera et al., 2018; Abu-Elala, Abd-Elsalam and Younis, 2020; Kar and Aurobindo, 2021). EUS,
caused by the oomycete Aphanomyces invadans, impacts a wide range of economically significant wild
and farmed fish species, including Tilapia (Oreochromis spp.) (Songe, 2009). TiLV, on the other hand,
specifically targets Tilapines, posing a critical threat to the sustainability of global Tilapia aquaculture
(Jansen, Dong and Mohan, 2019). Lactococcosis, caused by the bacterium Lactococcus garvieae,
primarily affects fish under farming conditions with high stocking densities, further exacerbating
disease risks in intensive aquaculture systems (Egger et al., 2023). These diseases have far-reaching
socio-economic, environmental, and biodiversity consequences, with outbreaks known to decimate
fish populations, disrupt aquatic ecosystems, and severely impact livelihoods dependent on
aquaculture (Crumlish and Austin, 2024).

Zambia has reported significant fish diseases, including Epizootic Ulcerative Syndrome (EUS)
and Lactococcosis, affecting wild and farmed fish populations, respectively (Choongo et al., 2009;
Songe et al., 2012; Bwalya et al., 2020; Siamujompa et al., 2023). EUS, first identified in 2007 in the
Zambezi River Basin, caused widespread losses and later spread to the Bangweulu Swamps, a critical
drainage system for the Congo River (Choongo et al., 2009; Songe et al., 2012). Lactococcosis, initially
reported in 2015 in large-scale Nile Tilapia farms on Lake Kariba, has since caused recurrent
outbreaks, including in small-scale systems as of 2022 (Bwalya, Hang’Ombe, et al., 2020; Siamujompa
et al., 2023). Globally, the emergence of Tilapia Lake Virus (TiLV) poses a growing threat to Tilapia
farming, with severe outbreaks reported across the USA (Ahasan et al., 2020) Asia (Surachetpong et
al.,, 2017), Chinese Taipei (WOAH, 2017), India (Behera et al., 2018), Malaysia (Abdullah et al., 2018;
Amal et al, 2018), Indonesia (Koesharyani et al., 2018), Philippines (Somga et al., 2021) and
Bangladesh (Debnath et al., 2020), South America (Kembou Tsofack et al., 2017) and African countries
like Egypt (Fathi et al.,, 2017), Uganda and Tanzania (parts of Lake Victoria) (Mugimba et al., 2018)
These diseases highlight the urgent need for enhanced disease management and surveillance
strategies to support aquaculture sustainability.

This study aimed to address critical challenges in Zambia's aquaculture industry by
investigating three economically significant diseases, namely: Epizootic Ulcerative Syndrome (EUS),
Lactococcosis, and Tilapia Lake Virus (TiLV). While EUS and Lactococcosis have been previously
documented in Zambia, their current prevalence and spatial distribution required further
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assessment. In contrast, no studies to date have explored TiLV in the country, despite its global
importance. The research sought to evaluate the prevalence and status of these diseases, providing
evidence-based insights to guide effective management strategies and promote the sustainable
growth of Zambia’s aquaculture industry.

2. Materials and Methods
2.1. Study Area

The study was conducted in the districts of Mongu (15.2736° S, 23.1501° E), Shang’ombo
(16.2294° S, 22.4291° E), Sesheke (17.4739° S, 24.2955° E), Kazungula (17.7806° S, 25.2778° E), Kitwe
(12.8232° S, 28.2176° E), Siavonga (16.5323° S, 28.7111° E), and Itezhi-Tezhi (15.7409° S, 26.0443° E).
These sites (Figure 1) were strategically selected based on their significant aquaculture potential,
driven by the availability of abundant water resources conducive to fish farming activities.

usaka

® Screened
hirundu Roads
St - Watersheds

D Province

WoridFish 0 65 130 260 Kilometers

Figure 1. Fish Screening Sites Across Provinces in Zambia.

2.2. Site Selection and Sample Size Estimation

Sample collection sites were selected based on their grow-out farm production capacity
(exceeding 10 tons per year) and/or their role as key distribution points for fish from fishing camps.
At both farms and fishing camp landing bays, moribund fish were purposively selected for inclusion
in the study.

On farms, selection criteria focused on cages or ponds exhibiting clinical signs of disease or
experiencing elevated mortality rates within 14 days prior to the site visit. For wild fish, all individual
fish displaying clinical signs of disease from the fishermen’s catch were included in the study. This
targeted approach ensured the inclusion of fish most likely to harbor pathogens of interest,
maximizing the relevance of the data collected. The total sample size for collection was calculated
using the given formula by (Naing, Winn and Rusli, 2006).
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2.3. Study Design and Sampling

This cross-sectional study, conducted between August 2017 and August 2018, aimed to identify
EUS, TiLV and Lactococcosis in diseased wild and farmed fish. Water quality parameters, including
pH and temperature, were measured at each site. Fish exhibiting skin lesions or other abnormalities
were collected from fishermen, while moribund fish were sampled from fish farms for post-mortem
examination and laboratory analysis. All fish were humanely euthanized using clove powder at a
concentration of 250 mg/L of water.

2.4. Assessment of Morphological/Clinical Pathological Symptoms

On-site, the fish were thoroughly examined and gross lesions such as skin ulcerations, pale gills,
exophthalmia, corneal opacity, abdominal distension, skin and fin haemorrhages, and fin erosion
were recorded.

2.5. Necropsy and Sample Collection

On-site necropsy examinations were conducted within 30 minutes of euthanasia and the
procedure was conducted as previously described by Meyers (2009) with minor modifications
(Meyers, 2009). Briefly, Samples from the brain, liver, and kidney of each moribund fish were
collected using sterile disposable inoculation loops and streaked onto MacConkey agar, nutrient agar,
and blood agar (HiMedia, Mumbai, India) under strictly aseptic conditions. Inoculated petri dishes
were stored at room temperature (approximately 28°C) for 24 hours before being refrigerated at 4°C.

For molecular diagnosis of TiLV, small sections (0.5gram) of liver, brain, kidney, and spleen
tissues were collected from each moribund fish and placed into 1.5 mL tubes containing RNALater.
These samples were stored at 4°C.

For histopathological examination, tissue specimens were collected from fish presenting skin
ulcers, specifically from the dermis and muscle at the ulcer margins, extending into adjacent normal-
appearing tissue (Reimschuessel, 2008). For each fish, a tissue sample approximately 10 x 5 x 5 mm
in size was fixed in 10% buffered formalin for histological analysis, and a smaller sample, about half
this size, was preserved in 98% ethanol for polymerase chain reaction (PCR) testing for Aphanomyces
invadans genomic DNA (Afzali et al., 2015).

All samples were transported to the bacteriology laboratory within three days of collection for
further analysis.

2.6. Laboratory Analysis
2.6.1. Bacteriological Examination

At the bacteriology laboratory, pure cultures were obtained by carrying out subculturing
procedures and subjecting them to a second round of incubation at room temperature for another 48
h—ensuring the isolation of uncontaminated bacterial strains. The identification of the isolates was
done according to Siamujompa et al., (2023) (Siamujompa et al., 2023). All colonies that were gram
positive coccus in short chains were selected and were characterized biochemically and
enzymatically using the commercialized test kit, API rapid ID 32 Strep® (by bioMe’rieux SA, Marcy I
“Etoile, France). All isolates suggestive to Lactococcus garvieae were stored in cryovials containing 20%
glycerol Tryptic soy broth at -80°C for further molecular analysis.

2.6.2. Histopathological Examination

The formalin fixed tissue was processed by standard histological technique, and 5-lm sections
were stained with hematoxylin and eosin (H&E) and with Grocott’s methenamine silver (GMS) stain
(Reimschuessel, 2008). The sections were examined by standard light microscopy for presence of
histological changes pathognomonic of EUS.
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2.6.3. Molecular Diagnosis

a. Aphanomyces invadans genome

DNA extraction from ulcerated lesion of examined fish and EUS PCR was performed as
described by (Afzali et al., 2015) and the manufacturers recommendations for DNAzol (Guo et al,,
2005). The extracted DNA was stored at -22°C until use.

Molecular detection of Aphanomyces invadans DNA in the fish tissue was achieved through the
amplification of a 234 bp fragment of the internal transcribed spacer (ITS) gene region using the A.
invadans specific primers recommended by the World Organization of Animal Health (WOAH) (Ho
etal., 2023) namely, forward primer Ainvad-2F (5'-TCA TTG TGA GTG AAA CGG TG-3') and reverse
primer A invad-ITSR1 (5-GGC TAA GGT TTC AGT AGT TAG-3') . The reaction mixtures (25 pL)
were prepared using 2 puL of supernatant, PCR-Master Mix (Kapa Biosystems; Cat#KK1006) and 400
nM of each primer. Amplification consisted of an initial denaturation of 2 min at 95 °C, followed by
35 cycles of 30 s at 95 °C, 45 s at 56 °C and 2.5 min at 72 °C, with a final extension of 5 min at 72 °C.
The PCR products were run on a 0.8% agarose gel electrophoresis to verify analysis specificity and
the fragment size.

b. Lactococcus garvieae genome

All the isolates of Lactococcus garvieae recovered from the diseased fish and further characterized
by biochemical tests were included in molecular detection. The bacterial cultures were revived from
-80°C for the isolation of genomic DNA. The genomic DNA was isolated using the thermal extraction
method as described by Carriero et al. (2016) (Carriero et al., 2016).

Specific primers to identify L. garvieae, pLG-1 (5'-CATAACAATGAGAATCGC-3') and pLG-2
(5'-GCACCCTCGCGGGTTG-3') were used. The polymerase chain reactions (PCRs) were performed
in a 25uL reaction mixture containing 100ng of bacterial DNA, 2.5uL of 10X reaction buffer (Thermo
fisher), 200uM of each ANTP, 2.5mM MgCL2, 0.5uM of Primer and 0.5U of Taq polymerase (Thermo
fisher). After incubation for 2min at 94°C, samples were subjected to 35 cycles of 60s at the annealing
temperature (55°C)), followed by 1 min at 72°C; the reaction was completed at 7 min at 72°C and kept
at 4°C. Amplification products were separated on 1.5% agarose gel stained with ethidium bromide
in 1X TAE (40mM Tris-acetate, ImM EDTA, pH 8.2) buffer and photographed. Data analysis

Data were entered into an Excel spreadsheet (Microsoft Excel 2010 version, Redmond, WA, USA)
and then exported to DATA Tab™ (Styria, Austria)—a Web-App for statistical data analysis—where
descriptive statistics (frequencies and proportions) were computed and presented using tables for
categorical parameters (Team, 2022). The summary tables and graphs were prepared in accordance
with the objectives of the study.

3. Results
3.1. Sampling Demographics

The sampling of fish species across districts and production systems in Zambia revealed
significant variations in species composition. In Mongu, where wild fish were sampled, Oreochromis
andersonii was the most dominant species (41.1%), followed by Tilapia rendalli (35.6%) and Oreochromis
macrochir (23.3%). Similarly, Shang’ombo, also focusing on wild fish, showed a notable presence of
Oreochromis macrochir (22.4%) and Oreochromis andersonii (20.9%), alongside smaller proportions of
Clarias gariepinus (13.4%), Barbus spp. (16.4%), and Mormyrus spp. (7.5%) [Table 1].

In Sesheke, wild fish sampling highlighted Barbus spp. as the predominant species, accounting
for 53.8% of the total fish sampled, with lower proportions of Oreochromis macrochir (11.5%), Tilapia
rendalli (8.9%), Clarias gariepinus (9.6%), and Mormyrus spp. (9.6%). In Kazungula, wild fish sampling
was dominated by Tilapia rendalli (46%) and Oreochromis macrochir (22%), followed by Barbus spp.
(28%), Oreochromis andersonii (15%), and Serranochromis robustus (17%) [Table 1].

Farmed fish sampling was conducted in Kitwe, Siavonga, and Itezhi-Tezhi. In Kitwe,
Oreochromis niloticus constituted 100% of the sampled fish, reflecting its dominance in aquaculture
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systems in the region. Similarly, Siavonga exclusively featured Oreochromis niloticus (100%), while
Itezhi-Tezhi recorded only Tilapia rendalli (100%) [Table 1].

Table 1. Distribution of Fish Species Sampled Across Districts and Production Systems in Zambia.

Number of Fish (%)
Tota
Prod i i
Locatio rf) uc Tl.la Oreo.chr Oreo.chr Claria Hepse Morm  Barb  Serranoch Ore()f:hr .1
tion pia omis omis s . omis Fish
ns . tus yrus us romis o
System  rend macroch anderso  gariep odoe s s robustus niloticu per
alli ir nii inus PP PP Dist
rict
26
Wild 17 30
Mongu Lioh (::/Sf (233%)  (41.1%) i ) ) ) i i 73
6 9 7 11
Shang’o Wild 15 14 o o 5
mbo Fish (f 9 (22.4%)  (20.9%) (134%  10.5% (7.5%) 15'42 ) ) 67
%) ) ) %)
28
Wild 6 5 5
h - - - . 15.49 - 2
Sesheke  pioh (11.5%) (9.6%) (9.6%) 5‘2;?5 8 (154%) 5
Kazung Wild 46
0, o, (9 - - - - 0, -
il Fish (4§ % 22(22%) 15 (15%) 17 (17%) 100
Farme 33
Kit
e 4 fish (100%) 33
Siavong  Farme 19 19
a d fish (100%)
ITtezhi Farme o
tezhi d fish 5 (100%) 5
Total 78 60 97 14 7 10 39 25 19 349

3.2. Water Quality

The pH and water temperature measurements across various districts and aquaculture farm
locations in Zambia provide critical insights into the water quality where both cultured and wild fish
thrives. The pH levels of water sampled from Mongu (6.0), Shang’ombo (6.2), Sesheke (6.1), and
Kazungula (6.3) indicated slightly acidic conditions. In contrast, Siavonga and Itezhi-Tezhi exhibited
a pH closer to neutral, while farms in Kitwe showed slightly alkaline conditions, with pH values
ranging from 8.4 to 8.9[Figure 2].
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Mongu Shang’ombo Sesheke Kanzungula Siavonga Kitwe- Farm 1 Kitwe- Farm 2 Kitwe- Farm 3  Itzehi tezhi
Figure 2. pH and Water Temperature Across Aquaculture and Fish Camp Locations in Zambia.

Water temperature variations were more pronounced across the locations. Siavonga recorded
the highest temperature at 30°C. Other districts, including Mongu, Shang’ombo, Sesheke, Kazungula,
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Kitwe, and Itezhi-Tezhi, displayed moderate temperatures ranging between 24-25°C. Notably, farms
in Kitwe exhibited slightly cooler temperatures, averaging around 22°C [Figure 2].

3.3. Postmortem Examination

On external examination of the fish, the moribund wild fish presented with lesions characteristic
of EUS such as small red spots and ulcerative lesions on the skin, focal areas of petechiae and
ecchymoses, necrosis and ulceration, erosions on the skin with areas of scale loss, well-defined open
ulcers and haemorrhagic ulcers [Figure 3].

Figure 3. External lesions on wild fish.

In farmed fish, common external lesions observed included corneal opacity, and significant scale
loss, Skin ulcerations of varying sizes were frequently noted, often accompanied by hemorrhages
localized on the operculum, trunk, and fins. Additionally, fin erosion was prevalent, characterized
by fraying or loss of fin tissue [Figure 4].
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Figure 4. External lesions on farmed fish.

3.4. Histopathological Examination

Histopathological examination of skin samples from wild fish presenting with lesions revealed
a range of pathological findings. In some cases, the epidermis appeared intact, while other sections
demonstrated evidence of muscular fibrosis and inflammatory infiltration. Notably, certain
histological sections displayed penetrating fungal hyphae associated with granulomatous
inflammation. These findings are pathognomonic for infection with Aphanomyces invadans, the
causative agent of Epizootic Ulcerative Syndrome (EUS) [Figure 5].

Figure 5. Histology of muscle showing: (a) intact epidermis and muscle tissue; b) inflammation, degeneration
and fragmentation of muscle fibers; (c) fibrosis and infiltration of inflammatory cells in the dermis, (d) EUS
granuloma showing severe ulcerations and inflammatory cells including macrophages.

Tissue from farmed fish showed no lesions suggestive of EUS. Histopathological findings
recorded included mild inflammation and disintegration of muscle fibers, congested splenic blood
vessels, deposition of golden-brown pigments in liver, disintegration of muscle fibers, ulceration of
epidermis, deposition of golden-brown pigments around blood vessels in spleen and liver [Figure 6].
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Figure 6. Liver showing (a) marked hemosiderosis and (b) hypertrophy of hepatocytes.

3.5. Molecular Diagnosis

a.  Aphanomyces invadans genome

The results of EUS diagnosis through PCR testing in fish samples collected from various
locations in Zambia revealed important insights into the prevalence and distribution of the disease
(Figure 7). A total of 349 fish samples were collected across eight species, with 34 samples (9.7%)
testing positive for EUS. Positive cases were detected in six of the eight species sampled, with varying
prevalence across species and locations. Among the species, Tilapia rendalli showed an EUS positivity
rate of 10.3%, with cases recorded in Mongu (19.2%), Shang’ombo (16.7%), Sesheke (16.7%), and
Kazungula (4.3%). Oreochromis macrochir had a positivity rate of 11.7%, primarily in Mongu (17.6%)
and Kazungula (13.6%). Oreochromis andersonii exhibited a positivity rate of 7.2%, with cases in
Mongu (16.7%) and Shang’ombo (1.7%), while Clarias gariepinus showed a 14.3% positivity rate, with
cases confined to Shang’ombo (22.2%) [Table 2].

M1 2 3 4 5 6

- " —

8 9 10 11 12 13 14 15 16 18 19 20 21 22

= 3] = = | Ay 5 = ~
= 25 & 22

- = =

-

-

500

100

Figure 7. PCR results for the detection of genomic DNA of Aphanomyces invadans from infected tissues. The figure
represents electrophoresis gel bands: Lane M; Molecular marker, Lane 1; Aphanomyces invadans culture DNA
(Positive control), Lane 2; Negative control, Lanes 3 to 21 are fish samples of Barbus spp, Oreochromis macrochir,

Clarias gariepinus, Mormyrus spp and Oreochromis niloticus. The positive samples have a 550 bp amplicon.

Table 2. Prevalence of Epizootic Ulcerative Syndrome (EUS) Diagnosed by PCR in Fish Samples from Various

Locations in Zambia.

Tilapia Oreochromis Oreochromis Clarias Hepsetus Mormyrus Barbus Serranochromis Oreochromis
rendalli macrochir  andersonii  gariepinus  odoe spp spp robustus niloticus
Mongu

Samples
Collected
No.
Positive  5(19.2%) 3 (17.6%) 5(16.7%)
(%)

26 17 30

Shang’ombo

Samples
Collected
No.
Positive  1(16.7%) 0 (0.0%) 1(7.1%) 2(222%) 0(0.0%) 1(20.0%) 1(9.1%)
(%)

6 15 14 9 7 5 11

Sesheke

Samples
Collected
No.
Positive 1(16.7%) 0 (0.0%) 2 (40.0%)
(%)

6 5 5 28 8

ao7% (12.5%)

Kazungula
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Samples
Collected
No.
Positive 2 (4.3%) 3 (13.6%) 1(6.7%) 2 (11.8%)
(%)

46 22 15 17

Kitwe

Samples
Collected
No.
Positive 0(0.0%)
(%)

33

Siavonga

Samples
Collected
No.
Positive 0 (0.0%)
(%)

19

Itezhi tezhi

Samples
Collected
No.
Positive 0 (0.0%)
(%)

Total

Total

Collected

Total EUS

Positive 8 (10.3%) 7 (11.7%) 7 (7.2%) 2 (14.3%) 0(0.0%) 3 (30.0%)
(%)

78 60 97 14 7 10 39 25 19

4
a0as  3020%) 0 (0.0%)

Notably, Mormyrus spp. had the highest positivity rate at 30%, with cases detected in Sesheke
(40%) and Mongu (20%). Barbus spp. recorded a positivity rate of 10.3%, with positive cases in Sesheke
(10.7%) and Shang’ombo (9.1%). Serranochromis robustus exhibited a positivity rate of 12%, with cases
identified in Kazungula (11.8%) and Sesheke (12.5%). No EUS-positive cases were detected in
Oreochromis niloticus, sampled exclusively from Siavonga [Table 7].

Location-specific results highlighted Mongu and Shang’ombo as regions with the highest
number of EUS-positive cases, with Mongu recording 10 positive samples (13.7%) and Shang’ombo
7 positive samples (10.4%). Sesheke and Kazungula also recorded notable positivity rates, with 9.6%
and 7% of samples testing positive, respectively. In contrast, no EUS cases were detected in samples
from Kitwe, Siavonga, or Itezhi-Tezhi, which may reflect environmental factors or species resistance
in these regions.

b. Lactococcus garvieae genome

The PCR testing for Lactococcus garvieae in fish samples collected from various locations in
Zambia revealed a highly localized presence of the pathogen. Of the 349 fish samples collected across
eight species, only 13 samples (3.7%) tested positive for Lactococcus garvieae, all of which were from
Oreochromis niloticus in Siavonga. Among the 19 Oreochromis niloticus samples collected in Siavonga,
13 (68.4%) were positive, indicating a high prevalence of the pathogen in this species and location
[Table 3]. No other species, including Tilapia rendalli, Oreochromis macrochir, Oreochromis andersonii,
Clarias gariepinus, Hepsetus odoe, Mormyrus spp., Barbus spp., and Serranochromis robustus, tested
positive across any of the other locations, such as Mongu, Shang’ombo, Sesheke, Kazungula, Kitwe,
and Itezhi-Tezhi [Table 3].
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Figure 8. The PCR amplified products from Lactococcus garvieae DNA. Lane M; 100 bp ladder, while Lane 1 to

Lane 9 are sample isolates from Nile tilapia.

c.  Tilapia Lake Virus genome

The results of the PCR analysis conducted on biological samples from both wild fish populations
and aquaculture systems indicated no detection of the Tilapia Lake Virus (TiLV) genome. This
absence of TiLV in the tested samples suggests that the virus is not currently present in the sampled
fish.

Table 3. Prevalence of Lactococcus garvieae Diagnosed by PCR in Fish Samples Across Locations in Zambia.

Tilapia  Oreochromis Oreochromis  Clarias Hepsetus MormyruBarbus Serranochromis Oreochromis
rendalli  macrochir andersonii __ gariepinus _ odoe sspp  spp robustus niloticus
Mongu

Samples
Collected
No.
Positive (%)

26 17 30

0(0.0%)  0(0.0%) 0 (0.0%)

Shang’ombo

Samples
Collected
No.
Positive (%)

15 14 9 7 5 11

0(0.0%)  0(0.0%) 0 (0.0%) 0(0.0%) 0(0.0%) 0 (0.0%) (Og%

Sesheke

Samples
Collected
No.
Positive (%)

6 5 5 28 8

0(0.0%) 0(0.0%) 0(0.0%) 0 (0.0%)

0
(0.0%)

Kazungula

Samples
Collected
No.
Positive (%)

46 22 15 17

0(0.0%)  0(0.0%) 0 (0.0%) 0 (0.0%)

Kitwe

Samples
Collected
No.
Positive (%)

33

0 (0.0%)

Siavonga

Samples
Collected
No.
Positive (%)

19

13 (68.4%)

Itezhi tezhi
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Samples 5
Collected
No. S
Positive (%) 0(0.0%)

Total

Total
Collected 78 60 97 14 7 10 39 25 19
o 0(0.0%)  0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 0 (0.0%) 0 0(0.0%) 13 68.4%)
Positive ) : : : . - (0.0%) . .

4. Discussion

This study provides an overview of the fish disease situation in the high aquaculture potential
areas of Zambia, both in wild and farmed fish populations. The benefits of undertaking surveillance
activities can be summarized into four general purposes: demonstration of absence of disease; early
detection of disease; measuring the level of disease and finding cases of disease. In this case we
demonstrated evidence of absence of TiLV in all the areas that participated in the study, as well as
absence of EUS in all the fish farms under investigation; however, presence of bacterial disease,
lactococcosis, was confirmed in some of the fish farms.

Surveillance of wild fish populations plays a critical role in the establishment of aquaculture
farms in regions with abundant water resources. Wild fish populations can act as reservoirs for
pathogens, posing significant threats to farmed species if adequate biosecurity measures are not
implemented (Hasimuna, Maulu and Mphande, 2020; Mugimba et al., 2021). This study detected
Epizootic Ulcerative Syndrome (EUS) in multiple wild fish species sampled from Mongu,
Shang’ombo, Sesheke, and Kazungula. The detection of EUS in wild fish underscores the high
potential for pathogen transmission to economically important farmed species such as Tilapia rendalli,
Oreochromis macrochir, and Oreochromis andersonii (Songe et al., 2012). These findings emphasize the
necessity of conducting preemptive health assessments in areas identified for aquaculture
development to minimize the risk of disease outbreaks.

Surveillance not only informs the selection of suitable aquaculture sites but also ensures that
farming operations are established in areas with minimal disease risk, thereby enhancing the long-
term viability of the industry. Moreover, the water quality data from regions with EUS-positive cases
revealed low pH levels, which create a favorable environment for the pathogenesis of Aphanomyces
invadans, the causative agent of EUS (Oidtmann, 2012; Thapa, 2016). Acidic conditions are known to
enhance the virulence of this pathogen, further complicating disease management in affected areas
(Choongo et al., 2009).

EUS-related lesions, such as skin ulcerations and necrosis, not only reduce the marketability of
affected fish but also contribute to high mortality rates, further threatening the profitability of
aquaculture operations. To mitigate these risks, the establishment of aquaculture farms in regions
with wild fish populations must prioritize the implementation of robust biosecurity measures (Pali¢,
Scarfe and Walster, 2015; Subasinghe et al., 2023). Preventing the physical entry of wild fish into
farmed stock is essential to reduce the likelihood of pathogen transmission. Additionally, efforts
should be made to neutralize water pH in aquaculture systems to limit the environmental conditions
conducive to the exacerbation of EUS. This dual approach—combining biosecurity protocols with
water quality management—provides a comprehensive strategy to mitigate the risk of EUS outbreaks
while supporting the sustainable growth of aquaculture in Zambia (Oidtmann, 2012).

The detection of Lactococcus garvieae exclusively in Oreochromis niloticus from large commercial
farming operations in Siavonga, with a high prevalence of 68.4%, presents a significant cause for
concern. This localized outbreak underscores the role of environmental and management factors
specific to intensive aquaculture systems, such as high stocking densities, which can predispose fish
to stress and create conditions favorable for the proliferation of this pathogen (Raman et al., 2013;
Odhiambo et al., 2020). Stress associated with overcrowding has been widely documented as a key
factor that compromises the immune systems of farmed fish, increasing their susceptibility to
opportunistic pathogens like Lactococcus garvieae (Barcellos et al., 1999; Raman et al., 2013; Odhiambo
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et al., 2020). This bacterium is known to cause septicemia and high mortality rates in farmed fish,
posing a substantial threat to the productivity and economic sustainability of aquaculture operations
in the region (Abu-Elala, Abd-Elsalam and Younis, 2020).

Previous reports of Lactococcus garvieae in Siavonga have highlighted its prevalence in both large-
and small-scale commercial farms under cage culture systems on Lake Kariba (Bwalya, Simukoko, et
al., 2020; Siamujompa et al., 2023). These findings suggest that Lactococcus garvieae has established
itself as a persistent pathogen within intensive farming setups in this area. However, the absence of
Lactococcus garvieae in other farmed species, such as Oreochromis andersonii, and at other farm
locations, including Kitwe and Itezhi-Tezhi, may reflect the effectiveness of biosecurity measures in
these systems. Practices such as strict control of water quality, appropriate stocking densities, and
routine health monitoring may have contributed to the prevention of pathogen entry and
transmission in these locations (Aly and Fathi, 2024; Othman et al., 2024).

The localized nature of Lactococcus garvieae outbreaks in Siavonga highlights the critical need for
targeted health interventions to mitigate its impact. These interventions should include the
optimization of stocking densities, improved water quality management, and the development of
vaccination programs or other preventative measures to enhance fish resistance to infection (Wang,
Ji and Xu, 2020; Kumar et al., 2024). Additionally, this finding underscores the importance of
addressing localized risk factors to prevent the spread of Lactococcus garvieae to other aquaculture
systems.

The absence of Tilapia Lake Virus (TiLV) in the tested samples is a positive finding, reflecting
Zambia’s current status as free from this globally significant pathogen. TiLV has caused severe losses
in Tilapia farming worldwide, with mortality rates of up to 100% in infected populations (Jansen,
Dong and Mohan, 2019). Maintaining this TiLV-free status is critical for Zambia’s aquaculture sector,
particularly given the economic importance of Oreochromis niloticus. Preventative measures, such as
stringent biosecurity protocols, import restrictions on live fish, and regular diagnostic screening, are
essential to safeguard the country from the introduction of TiLV. Additionally, ongoing surveillance
and awareness programs should be implemented to ensure early detection and rapid response to any
potential outbreaks.

5. Conclusions

This study investigated the prevalence and distribution of key fish diseases, namely EUS,
Lactococcosis, and the presence of Tilapia Lake Virus (TiLV), across wild and farmed fish populations
in Zambia. EUS was detected in multiple wild fish species, including Tilapia rendalli (10.3%),
Oreochromis macrochir (11.7%), Oreochromis andersonii (7.2%), Clarias gariepinus (14.3%), Mormyrus spp
(30.0%), Barbus spp (10.3%) and Serranochromis robustus (12.0%), with notable prevalence in regions
such as Mongu (17.8%), Shang’ombo (9.0%), Sesheke (13.5%), and Kazungula (8.0%). EUS was not
detected in any fish farming facilities. Lactococcosis was identified exclusively in Oreochromis niloticus
from commercial farming operations in Siavonga, with a high prevalence of 68.4%. No TiLV genome
was detected in the sampled fish.
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