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Infectious Bursal Disease (IBD) is an economically important irreversible immunosuppressive disease 
of young birds. The present study was designed to confirm the efficacy of two common diagnostic tests 
for the detection of Infectious Bursal Disease Virus (IBDV) from the three types of bursal samples 
collected from a recent outbreak in layer and broiler chickens of Gazipur district, Bangladesh. This 
study compared the degree of sensitivity between Ouchterlony Double Immunodiffusion Test (ODIT) 
and Reverse Transcription Polymerase Chain Reaction (RT-PCR) for the detection of IBD viral antigen 
from the bursal samples. A total of 180 field bursal samples (80 broiler and 100 from layer chicken) from 
suspected IBDV infected dead chickens were collected from 50 different poultry farms. Bursal 
homogenates were used to detect IBDV using ODIT and RT-PCR. Three types of bursal samples, 
hemorrhagic bursa (90), edematous bursa (78) and atrophied bursa (12) were selected for the detection 
of viral antigen. A panel of anti-sera and IBDV specific primer for VP2 gene was used for RT-PCR. The 
data demonstrated that, out of 180 field samples, 164 (91%) were positive by RT-PCR and 120 (67%) 
were positive by ODIT. Haemorrhagic bursas were more sensitive compared to oedematous bursas 
while no virus was detected from the samples of atrophied bursa. This study demonstrated that, RT-
PCR was more sensitive and effective diagnostic tool compared to that of ODIT. 
 
Key words: Infectious bursal disease virus (IBDV), ouchterlony double immunodiffusion test (ODIT), reverse 
transcription polymerase chain reaction (RT-PCR), bursa, broiler, layer. 

 
 
INTRODUCTION 
 
Infectious bursal disease or Gumboro is a vastly 
transmissible  immunosuppressant  disease  which is 

triggered with a virus belonging to the genus Avibirnavirus 
of family Birnaviridae.  IBD  is  associated  with  high 
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mortality affecting mainly 3 to 6 weeks old age group but 
subclinical and less acute form is also mutual in 0 to 3 
week old chickens (Teshome and Admassu, 2015). IBD 
can cause an acute viral disease with 80 to 100% 
morbidity and mortality that varies from 20 to 30% in 
broilers whereas it is 40 to 80% in layers, respectively, 
depending on the strain virulence (Van den Berg et al., 
2000; Chowdhury et al., 1996). There are three different 
pathotypes of IBD virus namely, very virulent (vvIBDV), 
classical virulent (cIBDV) and variant (Michel and 
Jackwood, 2017), the later one being responsible for 
prolonged immunosuppression. The clinical form of IBD 
is associated with significant economic losses with 
irreversible immune suppression, reduced effectiveness 
of vaccination, retarded growth, poor feed consumption, 
decreased egg quality and decreased egg production. In 
addition, the excessive hemorrhages within the muscles 
consequences in increased mortality of the chickens. The 
characteristic clinical sign of the IBD infected chicken 
includes whitish watery droppings followed by 
depression, anorexia, severe prostration, trembling and 
finally death (Sali, 2019). Virus strain, age and also the 
breeds of chickens affect the severity of the disease 
(Teshome and Admassu, 2015). Infection with less 
virulent strains may not show remarkable clinical signs 
besides the chickens may have fibrotic or cystic bursa of 
Fabricius that might turn into atrophied prematurely 
(before six months of age). During postmortem diagnosis, 
the chickens showed hemorrhages in the pectoral or 
thigh muscles, dehydration, urate deposits within the 
kidneys, enlarged, edematous, hyperemic and or atrophic 
bursa of Fabricius (Aliyu et al., 2016; Khan et al., 2009). 
In chronic cases, presence of hemorrhage within the 
connection between gizzard and proventriculus is 
observed (Khan et al., 2017; Aliyu et al., 2016). The virus 
generally infected the lymphoid tissue especially the 
bursa (Dey et al., 2019; Wang et al., 2011; Van den Berg 
et al., 2000) and thus others immune organs like as 
spleen, bone marrow, thymus are also involved. Several 
diagnostic methods are used for the identification of IBDV 
through various levels of specificity and sensitivity 
(Daodu et al., 2018; Oluwayelu et al., 2014; Okwor et al., 
2011; Hussain et al., 2003; Nachimuthu et al., 1995; Aliev 
et al., 1990; Allan et al., 1984). Common serological tests 
such as agar gel immunodiffusion test (AGIDT), enzyme-
linked immunosorbent assay (ELISA), immunofluorescent 
test and indirect hemagglutination (IHA) test are being 
used for the detection of IBDV (Daodu et al., 2018). 
Although, the confirmatory diagnosis of IBDV is very 
important for formulating an effective strategy intended 
for control of the disease. ODIT is also familiar as passive 
double immunodiffusion or AGID test. ODIT is a simple 
method to detect specific antibody and measure 
antigenicity (Hornbeck, 2017). It is simplest but least 
sensitive serological method (Sali, 2019). It measures 
primarily group specific soluble antigens and cannot 
distinguish serotypic variances. It can be used to produce  

 
 
 
 
a precipitin line by estimating antibody size through 
dilutions of serum in the test well and taking the titer as 
the highest dilution (Sali, 2019). The molecular methods 
like RT-PCR is used to amplify the reverse transcription 
of the DNA code (Saiki et al., 1985). RT-PCR is the 
method which helps for precise and early diagnosis of 
viruses from field samples (Hasan et al., 2010). Among 
these diagnostic methods, in this study we chose ODIT 
and RT-PCR as ODIT is simplest of all, inexpensive and 
has the ability for detecting specific antibodies (Dey  et 
al., 2019; Hornbeck, 2017; Ouchterlony, 1948; 
Ouchterlony and Nilsson, 1986) and RT-PCR is specific, 
sensitive, speedy, reliable and accurate techniques for 
detection of IBD viruses (Hasan et al., 2010). 

IBD is an economically significant disease in poultry 
sector. The irreversible immune suppression caused by 
IBD virus in young chicks increases their susceptibility to 
an assembly of opportunistic avian pathogens that are 
normally non-pathogenic in healthy groups (Michel and 
Jackwood, 2017). Usually the farmers are worried about 
the present monetary mortality value from the lost flock 
and never see beyond if the chickens were to get relief 
from the disease. These collectively consequences 
remarkable economic losses for the poultry farmers 
which are often high and alarming if not properly 
diagnosed. Fresh samples from the affected chickens are 
usually more suitable to detect the virus but in rural areas 
of Bangladesh, there is very limited opportunity for the 
identification of poultry disease at the field level. The 
diagnosis is done mainly based on the clinical history, 
sign-symptoms and necropsy findings where there is a 
high possibility of misinterpretation and wrong diagnosis, 
because many poultry diseases produce similar clinical 
signs, symptoms and postmortem findings which are 
sometimes very difficult to differentiate (Hasan et al., 
2010; Sali, 2019). Therefore, this study was designed to 
compare the sensitivity of the molecular technique (RT-
PCR) and serological technique (ODIT) for the detection 
of IBDV from three types of bursal samples. 
 
 

MATERIALS AND METHODS 
 

Ethical approval 
 

The research was carried out following the guidelines set forth by 
the Animal Welfare and Experimentation Ethics Committee of 
Bangladesh Agricultural University, Mymensingh, Bangladesh (ref. 
no. AWEEC/BAU/2019(38)).  
 
 

Sample collection 
 

A total of 180 (broiler 80 and layer 100) bursa of Fabricius (BF) 
(hemorrhagic, edematous and atrophied bursa) were collected from 
a recent outbreak in broiler and layer chickens of Sadar Upazila in 
Gazipur district, Bangladesh.  
 
 

Sample preparation  
 

Three  types  of  bursal samples were macerated separately with  



 
 
 
 
sterilized mortar and pastel to prepare 10 to 20% (w/v) suspension 
in sterile PBS. The suspension was centrifuged at 4000 rpm for 30 
min to separate tissue debris from the supernatant. The supernatant 
thus obtained was treated by a broad-spectrum antibiotic 
(Gentamycin) at 50 µg/ml and the prepared inoculates were tested 
for bacterial contamination by culturing 0.1 ml of each on nutrient 
agar and blood agar plates for 24 h at 37°C.  
 
 
Hyper immune serum preparation for ODIT 
 
Four non vaccinated chickens were immunized with the vaccine 
(Nobilis® Gumboro 228E, Intervet International, The Netherlands) 
orally at 7, 14, 21, 28 and 35 days of age. After 10 days of last 
vaccination blood were collected to obtain serum which was used 
as hyper-immune serum in ODIT.  
 
 

ODIT  
 
Immunodiffusion plates were prepared by melting 8 g of sodium 
chloride in 100 ml of distilled water followed by the addition of 1.25 
g agar noble. The mixture was gently mixed and boiled in a water 
bath until the agar was absolutely dissolved. The agar was given 
left to cool at 50°C before it was poured in 6 of 9 cm 
immunodiffusion plates and allowed to solidify. The plates were 
then kept overnight at 4°C until used. Applying a template and well 
cutter (4 mm), seven wells of 4 mm (a group of six wells 
surrounding a centre well) were made. The central well of the glass 
slide filled with melted agarose gel was loaded by known hyper-
immune sera against IBDV and peripheral wells by bursal 
suspensions. Slides were kept in moist chamber for 24 to 48 h at 
4°C and observed for antigen antibody reaction in the form of 
appearance of precipitation lines in between the peripheral and 
central well.  
 
 

Extraction of viral RNA  
 
Viral RNA of IBD virus was extracted from three types of bursal 
suspensions using the QIAamp Viral RNA Mini Kit (QIAGEN GmbH, 
Hilden, Germany) according to the manufacturer’s informations. 
Then the extracted RNA was treated with RNase-free DNAse I 
(Fermentas, Canada) and after that using the first strand cDNA 
synthesis kit, HyperScript (GeneAll), cDNA was synthesized from 
the treated RNA.  
 
 
RT-PCR 
 
RNAs from bursal samples were reverse transcribed to cDNA and 
amplified by a one-step RT-PCR. RT-PCR performed on a MJ Mini 
Thermocycler, Bio-Rad, USA. Primers Vv-fp775 (forward primer, 5′-
AATTCTCATCACAGTACCAAG-3′) and Vv-rp1028 (reverse primer, 
5′-GCTGGTTGGAATCACAAT-3′) were used to amplify a 253 bp 
fragment of the VP2 gene (Hasan et al., 2010). RT-PCR was 
performed at 42°C for 1 h followed by activation of Taq polymerase 
at 94°C for 2 min, then 35 cycles of denaturation at 94°C for 30 s, 
annealing at 45°C for 1 min and elongation at 60°C for 1.5 min. A 
final extension step at 60°C for 10 min was performed. After 
amplification, RT-PCR product was subjected to electrophoresis on 
2% agarose gel containing ethidium bromide. The band was 
examined under UV-trans-illuminator.  
 
 
Statistical analysis 
 
Statistical analyses were  accomplished  using  InStat® software  
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(GraphPad, USA). Correlations between the proposed techniques 
were analyzed followed by Chi-squared test. Differences were 
considered statistically significant at *P < 0.05 or ***P < 0.001. 

 
 
RESULTS AND DISCUSSION 
 
IBDV endures to be a main concern for the commercial 
and subsistent poultry farmers including an utmost 
essential threat regarding poultry production systems in 
Bangladesh. So, in this study, we compared two to 
identify the effective diagnostic approaches for the 
detection of IBDV through ODIT and RT-PCR from the 
three types of bursal samples. 

Apparently, no previous reports were found 
documenting the sensitivity of the tests using three types 
of bursal samples for virus isolation. ODIT is one of the 
substitute techniques suggested for IBDV diagnosis by 
Organization for Animal Health (OIE) for international 
trade (Butt et al., 2015). The ODIT is the most useful 
serological technique for the detection of specific 
antibodies in sera, or for identifying viral antigen or 
antibodies in bursa. The ODIT is used to detect 
prominent white line of precipitation between bursal 
homogenates of the peripheral wells and known positive 
anti-IBDV hyper-immune serum of the central well due to 
antigen and antibody reaction (Hornbeck, 2017). Our 
data demonstrated that, in case of ODIT, hemorrhagic 
and edematous bursal homogenates were found positive 
for IBDV. Prominent white line of precipitation was 
observed between known positive anti-IBDV hyper-
immune serum of the central well and bursal 
homogenates of the peripheral wells due to antigen and 
antibody reaction within 24 to 48 h which agrees with 
Abraham-Oyiguh et al. (2015), Okwor et al. (2011) and 
Roy et al. (2008) findings. By ODIT, out of 180 samples, 
120 samples (H.B.S. 34; E.B.S. 17 from broiler and 
H.B.S. 44; E.B.S. 25 from layer) were positive for IBDV 
(Table 1 and Figure 1). No line of precipitation was found 
in the atrophied bursal homogenates that were 
considered as negative for IBDV antigen. These results 
suggested that preparation of hyper-immune serum was 
appropriate and properly functioned to identify the IBDV 
antigen in ODIT test, while hyper-immune serum is not 
invariably available and commercially highly expensive. 
Additionally, hemorrhagic bursa was more effective 
compared to edematous bursa whereas no virus was 
detected in atrophied bursa. Previous report suggested 
that for viral replication, bursa of Fabricious is the vital 
target organ. In acute case, bursa of Fabricious is 
haemorrhagic, oedematous, turgid and within 7 to 10 
days turns in atrophic (Dey et al., 2019). These 
differentiations in clinical signs depend on the 
subsistence of maternal immunity, virulence of causative 
agent and bird’s age (El-Samadony et al., 2019; Rauw et 
al., 2007; Hassan, 2004). In the bursa of Fabricious, the 
stage of B cell differentiation keeps a vital role for viral 
replication  as the stem cell (Dey et al., 2019). Our study
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Table 1. Rate of identification of IBDV from the three types of bursal samples of broiler and layer chickens. 
 

Sample 
type 

Broiler identification 
 

Sample 
type 

Layer Identification 
 Comparative sensitivity of 

identification of IBDV in 
broiler and layer chickens 

ODIT (%) RT-PCR (%)  ODIT (%) RT-PCR (%)  ODIT RT-PCR 

H.B.S. (40) 34 (85) 40 (100)  H.B.S. (50) 44 (88) 50 (100)  

120 (67) 164 (91) E.B.S. (34) 17 (50) 32 (94)  E.B.S. (44) 25 (57) 42 (95)  

A.B.S. (6) 0 (0) 0 (0)  A.B.S. (6) 0 (0) 0 (0)  
 

H.B.S. = Haemorrhagic bursal suspension; E.B.S. = Oedematous bursal suspension; A.B.S. = atrophied bursal suspension. 
 
 
 

 
 

Figure 1. ODIT indicating the occurrence of IBD virus in bursal samples 
using hyperimmune serum. Ab = Hyperimmune serum against IBDV, A = 
haemorrhagic bursal suspension, B = atrophied bursal suspension 1, C = 
atrophied bursal suspension 2, D = oedematous bursal suspension 1, E = 
oedematous bursal suspension 2, F = mock solution. 

 
 
 
observes that, there might be the possible difference 
among the bursal samples for pathogenesis of IBD were 
irreversible bursal follicle damage and IgM-bearing B 
lymphocytes and others cell damage (Rodriguez-Chavez 
et al., 2002), those were more severe in haemorrhagic 
bursa compared to oedematous and atrophied bursa 
which increased the sensitivity in haemorrhagic bursa 
compared to oedematous and atrophied bursa for IBDV. 

RT-PCR is used to detect viral RNA in homogenates of 
infected organs or embryos without considering the 
viability of the virus present (Hasan et al., 2010). RT-PCR 
works on hypervariable region (VP2). The VP2 contains a 
hypervariable region which displays the greatest amount 
of amino acid sequence variation between strains. This 
area is responsible for antigenic variation, tissue-culture 
adaptation and it is slightly responsible for viral virulence 
(Escaffre et al., 2013). Finally, in terms of the three types 

of bursal samples for virus detection through RT-PCR, 
this study highlighted that out of 180 field samples, 164 
samples (H.B.S. 40; E.B.S. 32 from broiler and H.B.S. 50; 
E.B.S. 42 from layer) were positive for IBDV whereas no 
virus was detected in atrophied bursa (Table 1 and 
Figure 2). Moreover, we observed that the association 
between ODIT and RT-PCR in IBDV affected broiler and 
layer chickens bursal samples was considered 
statistically significant (Tables 2 to 4). Amplification of 
VP2 gene (Zahoor et al., 2010) by RT-PCR is obvious by 
the presence of 253 bp band (Figure 2). The size and 
location of the bands for each type of samples were 
identical. These results were in good coordination with 
the findings of Zohair et al. (2017), Mawgod et al. (2014), 
Jackwood and Stoute (2012), Kusk et al. (2005). 
Generally, RT-PCR plays a vital role in the identification 
of viral  antigens through enzymatic amplification of DNA  
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Figure 2. Results of RT-PCR products (253 bp) of IBD virus from bursal samples of chickens 
analyzed using 2% agarose gel electrophoresis. M = DNA Marker (100 bp), Lane-1 = 
haemorrhagic bursal suspension 1, Lane-2 = haemorrhagic bursal suspension 2, Lane 3 = 
haemorrhagic bursal suspension 3, Lane-4 = oedematous bursal suspension 1, Lane-5 = 
oedematous bursal suspension 2, Lane-6 =oedematous bursal suspension 3, Lane-7 = atrophied 
bursal suspension, Lane-8 = positive control, and Lane-9 = negative control. 

 
 
 

Table 2. Correlation between ODIT and RT-PCR in IBDV affected broiler and layer chickens bursal samples. 
 

Sample types 
(B + L) 

ODIT  RT-PCR Chi-squared (2) value 
between ODIT and RT-

PCR 

Degree of 
freedom (DF) 

P-value Pos. 

(B + L) 

Neg. 

(B + L) 

 Pos. 

(B + L) 

Neg. 

(B + L) 

H.B.S. (90) 78 12  90 0 10.8035 1 0.0005*** 

E.B.S. (78) 42 36  74 4 32.3094 1 0.0001*** 

A.B.S. (12) 0 12  0 12 - - - 
 

From each type of bursal samples and for individual diagnostic test, the number of positive samples of broiler and layer chickens were 
combined together and similarly all number of negative samples of broiler and layer chickens were added together and analyzed using Chi-

squared (
2
) test.

 
***P < 0.001 indicated the association was considered statistically significant. B = Broiler; L = layer; H.B.S. = haemorrhagic 

bursal suspension; E.B.S. = oedematous bursal suspension; A.B.S. = atrophied bursal suspension; Pos. = positive; Neg. = negative. 
 
 
 

Table 3. Correlation between ODIT and RT-PCR in IBDV affected broiler chickens bursal samples. 
 

Sample type 
ODIT  RT-PCR Chi-squared (

2
) value between 

ODIT and RT-PCR 
Degree of freedom (DF) P-value 

Pos. Neg.  Pos. Neg. 

H.B.S. (40) 34 6  40 0 4.5045 1 0.0169* 

E.B.S. (34) 17 17  32 2 14.3157 1 0.0001*** 

A.B.S. (6) 0 6  0 6 - - - 
 

*P < 0.05 or
 
***P < 0.001 indicated the association were considered statistically significant. H.B.S. = Haemorrhagic bursal suspension; E.B.S. = 

oedematous bursal suspension; A.B.S. = atrophied bursal suspension; Pos. = Positive; Neg. = Negative. 
 
 
 

code (Kralik and Ricchi, 2017). It is due to identification of 
important veterinary and clinical viruses through 
serological approaches are time-consuming or impossible, 
whereas ODIT is not universally available  and  sustain 

from comparatively low specificity and sensitivity. 
However, this study demonstrated that RT-PCR was 
more sensitive than ODIT (Mahmood and Siddique, 
2006). Previous study reported that RT-PCR give  more  
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Table 4. Correlation between ODIT and RT-PCR in IBDV affected layer chickens bursal samples. 
 

Sample type 
ODIT  RT-PCR Chi-squared (

2
) value 

between ODIT and RT-PCR 

Degree of 
freedom (DF) 

P-value 
Pos. Neg.  Pos. Neg. 

H.B.S. (50) 44 6  50 0 4.4326 1 0.0176* 

E.B.S. (44) 25 19  42 2 16.0113 1 0.0001*** 

A.B.S. (6) 0 6  0 6 - - - 
 

*P < 0.05 or
 
***P < 0.001 indicated the association were considered statistically significant. H.B.S. = Haemorrhagic bursal suspension; E.B.S. = 

oedematous bursal suspension; A.B.S. = atrophied bursal suspension; Pos. = Positive; Neg. = Negative. 

 
 
 
specific and sensitive data than serological methods for 
amplification of VP2 gene of IBD virus (Van den Berg et 
al., 2000). RT-PCR again confirmed that, haemorrhagic 

bursal sample reveals highest effectiveness than the 
oedematous bursal samples for the detection of IBD 
antigen. Accordingly, these results suggested that out of 
the two available methods for IBDV detection, RT-PCR 
was more efficient than ODIT and the possible reasons 
might be RT-PCR is highly sensitive diagnostic technique 
(Vogel et al., 2012) that generates rapid and precise 
results with amplification of a specific component of DNA 
(Garibyan and Avashia, 2013).  
 
 
Conclusions      
 
Confirmatory diagnosis of IBD in both clinical and 
subclinical cases is very important for the control and 
prevention of infection in the poultry farms with 
confirmation of effective strategy as there is a substantial 
economic loss to the farmers due to IBD. This study will 
be very helpful for the subsistent poultry farmers in this 
regard. The study recommended hemorrhagic bursal 
samples remained highly sensitive for detection of IBD 
viral antigen compared to that of edematous bursal 
samples whereas no virus was detected by atrophied 
bursa. This study suggested that between the two 
different methods (ODIT and RT-PCR), RT-PCR was 
highly efficient compared to that of ODIT and 
hemorrhagic bursal samples were more suitable 
compared to edematous bursal samples for the detection 
of IBDV antigen. 
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Microbiological and parasitological contamination of vegetables, water and soil in rural communities of 
a municipality in the state of Bahia, Brazil, was assessed. Samples of Lactuca sativa, L., Coriandrum 
sativum and Solanum lycopersicum, soil, and irrigation water were analyzed between August and 
October, 2015. Total coliforms (TC), Escherichia coli, molds and yeasts on vegetables, soil and water, 
heterotrophic bacteria in water and soil were counted. Parasitological analyses were performed by 
spontaneous sedimentation method and by Rugai technique for vegetables and soil and by direct and 
Faust exams for water. Physical and chemical analyses included pH, temperature, dissolved oxygen 
and turbidity. TC counts were higher in lettuce samples (mean 2.8 log CFU g

-1
). E. coli counts did not 

comply with legislation in a lettuce sample with 3.3 log CFU g
-1

. TC had the highest counts, with mean 
between 3.7 and 4.9 log CFU g

-1
 in soil samples. All water samples showed poor conditions and most 

samples were positive for at least one parasite. Due to high microbial density and several parasite types 
in most samples, results showed poor sanitary quality of vegetables with health risks for people. It is 
crucial to invest in educational activities for handlers and farmers so that a better vegetable quality 
could be offered to the population. More efficient monitoring is required by health authorities, requiring 
periodic assessments for parasites so that consumers may have a better life quality.  

 

Keywords: Agricultural produce, food production, food hygiene, sanitary profiles. 
 
 
INTRODUCTION 
 
Eating habits of many Brazilians have been modified 
throughout the years. There was great interest in in 
natura food, especially vegetables, due to known and 
reported health benefits (Ministry of Health, 2014). 
However, according to their characteristics, vegetables 
are frequently eaten raw or with inadequate cleaning, 
featuring possible contamination by microorganisms, 
such as helminths, protozoa, bacteria, fungi and viruses. 
The  former   are  more  common  due  to  their  ability  to 

survive in soil and water with eventual outbreaks of food-
borne diseases (FBD), with great risks for humans 
(Coutinho et al., 2015).  

The contamination of vegetables by bacteria, fungi and 
parasites may occur through several ways, especially by 
contact with water used in the irrigation of vegetables 
contaminated with human fecal material, soil with organic 
manure derived from fecal dejects or by the 
contamination of food handlers´  hands (Fernandes et al., 
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2015). Microorganisms may indicate pathogens and 
inadequate hygiene conditions in production, transport 
and storage (Abreu et al., 2010). Due to the interference 
of several factors in the contamination of vegetables and 
lack of studies on these factors as sources of 
contamination, current paper evaluates the 
microbiological and parasitological contamination of 
vegetables, water and soil in rural communities in a 
municipality of the state of Bahia, Brazil. 
 
 
MATERIALS AND METHODS 
 
Selection of vegetables 
 
This research was characterized as a descriptive and analytical 
cross-sectional study. The selection of vegetables for current study 
was foregrounded by data retrieved from Family Budget Research 
by the Instituto Brasileiro de Geografia and Estatística which 
evaluated food consumption data of the Brazilian population. FBR 
data and local producers´ survey were the criteria employed to 
include food with the greatest consumption rates and which were 
produced by communities under analysis. Three vegetables were 
chosen, namely lettuce (Lactuca sativa) and tomatoes (Solanum 
lycopersicum), respectively with consumption percentages 4.7 and 
2.4%, and parsley (Coriandrum sativum). The latter was included 
because it was greatly used in crude salads, with a 10.6% 
consumption rate (IBGE, 2011). 
 
 
Farms characteristics 
 
Qualitative half-structured interviews were previously undertaken on 
topics agreed upon by farm owners or laborers. The questionnaire 
consisted of 17 questions divided into three topics: I Property 
identification (7 questions). II Production data (10 questions). Item I 
provided information about the presence of pets, existence of 
sanitary facilities, and destination of sewage and place where it 
performs the physiological needs. Item II provided information on 
the type and destination of the vegetables produced, the type of 
fertilizer and / or pesticide used in the production, origin and 
treatment of the water used for vegetable production and family 
consumption. 

Producers who reported performing organic planting were 
chosen. Nine producers residing in four rural communities in the 
micro region of Santo Antonio de Jesus, Bahia, Brazil, participated. 
The survey was conducted in the communities Sapucaia 13°2'43"S 
  39°16'34"W, Cunha 12°57'36"S   39°17'11"W, São Bartolomeu 
12°58'26.3"S 39°16'56.1"W and Onha 13°00'41.5"S 39°04'06.9"W. 
The vegetables were sent to different places: proper consumption, 
restaurants, supermarkets, town fairs, local community and the 
National School Meal Program (PNAE).  

 
 
Collection of samples 

 
Material was collected between August and October, 2015. Samples 
of three vegetables, a sample of the soil where the vegetables were 
cultivated and a sample of the water for irrigation were retrieved 
from each producer. Soil samples were taken from different points, 
forming a compound sample and collected superficially (10-20 cm) 
at the points where the plant species developed. Each soil sample 
consisted of five subsamples (Silva et al., 2007). We collected 63 
samples, seven samples for each of nine producers: three 
vegetable samples, three soil samples and one water sample. Soil 
and  vegetable  leaves  samples  were  performed  by  hand,  in  an  
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aseptic way, in new plastic bags. Further, 1.5 L water samples were 
collected in new plastic recipients with lid. Samples were identified, 
refrigerated at 4°C and transported to the Multidisciplinary Complex 
for Studies and Research in Health (COMEPS) of the Center of 
Health Sciences (CCS) of the Universidade Federal do Recôncavo 
da Bahia (UFRB). There was a maximum 24 h between sample 
collection and start of analysis. 
 
 

Microbiological analysis 
 

Microbial populations of vegetables were estimated by PetrifilmTM 
rapid count (3 M Company), from 25 g of each sample, with EC 
plates for TC and Escherichia coli and YM plates (AOAC 997.02) 
for molds and yeasts. Microbiological analysis of soil comprised TC, 
E. coli, molds and yeasts and heterotrophic bacteria counts. 
Populations of TC and E. coli were calculated with Petrifilm™ CE 
plates (3 M Company), whilst molds and yeasts were estimated with 
medium Martin with chloramphenicol (0.05%); heterotrophic 
bacteria were calculated by medium Trypticase Soy Agar (TSA), 
from 10 g of each sample, following Santos et al. (2007). 

The water´s microbiological analysis comprised TC and E. coli by 
Readycult® Coliforms 100 rapid count (Merck KGaA 01), with 
estimated populations of heterotrophic bacteria by Petrifilm™ 
AQHC rapid count (3 M Company) and molds and yeasts with 
Petrifilm™ AQUA YM plates (AOAC 997.02), from 100 ml of each 
sample. Colonies were counted with colony count model CP600 
Plus (Phoenix ®), calculating colony formation units (CFU) and log 
CFU g-1 of sample (APHA, 2001). 
 
 
Parasitological analyses 
 

Analytic methodologies for parasitological research in food and soil 
samples comprised spontaneous sedimentation method (Zeibig, 
2014) and modified Rugai technique (Neves et al., 2016). The 
spontaneous sedimentation method comprised washing of 
vegetables in distilled water in new plastic bags, elimination of 
deteriorated and wrinkled parts, manual shaking for 15 min. Four 
grams of sampled soil were retrieved to which were added 200 ml 
of distilled water. The samples were filtered by a four-fold gauze 
and left for sedimentation for 24 h in a conic beaker (Zeibig, 2014). 
Modified Rugai technique consisted of involve a food sample or 4 g 
of soil in a four-fold gauze, submerged in a conic beaker with 
distilled water at 45°C for at least two hours. The gauze was then 
removed and the supernatant discarded. Further, 50 ml of the 
sediment was transferred into a sterile collector flask for the 
preparation of laminas for microscopic analysis (Neves et al., 2016).  

Water was analyzed by direct and Faust tests (fluctuation in zinc 
sulfate). In the case of the direct test, the water sample was 
maintained under spontaneous sedimentation for 24 h at room 
temperature. Sediment was then collected by Pasteur pipette. 
Faust´s method comprised a 50 ml aliquot of the sediment in a 
centrifugal tube and centrifuged at 1,500 rpm. The sediment was 
then re-suspended with 10 ml of water for later centrifugation at 
1,500 rpm. The sediment was mixed with 10 mL of zinc sulfate 
solution (density 1.18), and centrifuged again. The membrane 
formed at the liquid surface was removed with a double 
bacteriological spade and transferred to a lamina, stained with 
lugol, covered with a laminule and observed under a 400x optic 
microscope (Neves et al., 2016). Laminas were stained with lugol 
and directly observed under an optic microscope, magnified 100x 
and 400x, by counting the number of structures through the surface 
of the junction, lamina x laminule. 
 
 

Physical and chemical analysis of water 
 

Analysis  for  pH,  temperature, dissolved  oxygen (DO) and electric 
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conductivity were prepared on the field after water samples by 
multi-parameter gauge AK88 (AKSO); turbidity and color analyses 
were performed in the laboratory by multiprocessor bench test 
turbidity-meter T-1000 (LABOTEC™) (APHA, 2012). 

 
 
Ethical aspects 

 
Current study was submitted to the Committee for Ethics in 
Research with Human Beings of the Universidade Federal do 
Recôncavo da Bahia (UFRB) (CAAE: 04022312.0.0000.0056 – 
Authorization 1.167.637), following Resolution 466/12 of the 
Brazilian National Health Council. Members of participating families 
were invited to sign a Term of Free Consent to participate and 
authorize sample collection of vegetable produced, soil and 
irrigation water in the allotted sites as a criterion for inclusion in 
current research (Ministry of Health, 2012).  

 
 
Statistical analysis 

 
Data were analyzed by Fischer´s exact test, with Statistical 
Package for the Social Sciences (SPSS) 20 (IBM) at 5% 
significance level (p<0.05) to evaluate the relationship between 
variables and prevalence of microbiological and parasitological 
contamination. 
 
 
RESULTS AND DISCUSSION 
 
Microbial and parasitological contamination 
 
Table 1 shows counts of total coliforms in vegetable 
samples, soil and irrigation water. TC counts in 
vegetables ranged between 1.0 and 5.0 log CFU g

-1
  of 

lettuce samples, between 1.5 and 5.3 log CFU g
-1

  of 
parsley samples and between <1 and 2.9 log CFU g

-1
  of 

tomato samples. Highest averages among the vegetables 
were detected in lettuce (2.8 log CFU g

-1
). Highest count 

occurred in a parsley sample at 5.3 log CFU g
-1

 
(Producer 9). The producer 7 had better TC counts for 
parsley (1.5 log CFU g

-1
) and tomato samples (<1 log 

CFU g
-1

) and soils samples near them (3.3 and 4.1 log 
CFU g

-1
 respectively). The producer 6 had the worst CT 

counts for parsley samples (4.7 log CFU g
-1

) and parsley 
(5.0 log CFU g

-1
) and tomato soil.(6.0 log CFU g

-1
) near 

them. 
Different results were reported in a study by Rincón et 

al. (2010) in Maracaibo, Venezuela, with parsley being 
the vegetable with the highest average contamination by 
TC when compared to other vegetables analyzed. 
Although Brazilian legislation does not establish any 
limits for TC, the presence of such microorganisms in the 
food under analysis is relevant and indicates poor 
hygiene practice during processing (Silva et al., 2016). 
Soil samples showed mean TC counts, between 3.7 and 
4.9 log CFU g

-1
.  

Soil samples from tomato plantation had the highest 
contamination rates by TC, averaging 4.9 log CFU g

-1
. 

Results could be a consequence of defecating directly in 
the   soil,   a    common    practice    by    rural   producers  

 
 
 
 

analyzed, the free roaming of domestic animals and the 
use of manure without due processing (Coutinho et al., 
2015). 

TC was detected in all water samples. In fact, it failed 
to comply to the Ministry of Health´s Resolution 
2914/2011 which establishes that one of the items for 
drinkable water is the absence of TC in 100 ml of the 
sample (Ministry of Health, 2011). Average E. coli counts 
in vegetables ranged between <1.0 and 1.1 log CFU g

-1
. 

Lettuce showed the highest contamination rate, with 
mean count of 1.1 log CFU g

-1
, and tomato by the lowest 

contamination of the bacterium, with populations <1.0 log 
CFU g

-1
 (Table 2). Producers 1 and 2 had the worst TC 

counts. The highest counts from Producer 1 were from 
soil samples close to parsley (3.6 log CFU g

-1
) and 

tomato cultivation (3.0 log CFU g
-1

) and the highest 
counts from Producer 2 were from lettuce (3.3 log CFU g

-

1
) and the soil near the cultivation of this vegetable (3.6 

log CFU g
-1

). 
According to parameters by resolution of the collegiate 

board (RDC) 12/2001 of the Brazilian Agency of Sanitary 
Care (Anvisa, 2001), one lettuce sample (Producer 2) 
was contaminated above the limits by E. coli (2.0 log 
CFU g

-1
) and thus not good for consumption (Table 2). 

Similarly, Silva et al. (2016) evaluated the quality of water 
used in the irrigation of five vegetable gardens and in 
food irrigated in a swampy area in the municipality of 
Caruaru, in the Agreste region of the state of 
Pernambuco, Brazil. The authors detected high 
contamination rates by TC and E. coli. Lettuce and 
parsley among the vegetables analyzed had the greatest 
contamination rates. In samples of irrigation water, they 
were all positive for TC and E. coli. 

According to Yang et al. (2012), lettuce contamination 
by E. coli could occur anytime between the farm and the 
consumer´s table, predominantly by contact with fecal 
material due to the use of manure in the plantation and/or 
bad hygiene practices at home. In fact, two samples of 
soil with lettuce (Producers 2 and 3), a sample of soil with 
parsley and a sample of soil with tomato (Producer 1) 
had E. coli populations above 3.0 log CFU g

-1
. According 

to Naganandhini et al. (2015), partially decomposed 
manure, slurry, wastes from abattoirs and human 
sewerage could be the source of contamination of arable 
agricultural land since certain species of E. coli could 
survive in manure based on animal excrement for long 
periods (between 25 to over 365 days). They could infect 
humans even with low cell load (10-500/g). 

In the case of water samples, E. coli was detected in 
88.9% of samples (Table 2), which was inadequate 
according to the Ministry of Health´s Resolution 2914 of 
December 12, 2011, which determined the absence of E. 
coli in 100 ml of the samples. According to Araújo et al. 
(2015) this contamination could be due to domestic 
sewage.  

One should highlight that samples of tomato in current 
study had low TC and E. coli counts, perhaps due to the 
anatomical  characteristics of the tomato. Similarly, Arbos 
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Table 1. Counts of total coliforms in vegetables, soil and irrigation water of producers in rural 
communities. 
 

Vegetables¹ Soil¹ 
Water² 

Producer Lettuce Parsley Tomato Soil lettuce Soil parsley Soil tomato 

1 1.3 2.6 1.5 3.9 4.7 4.7 P 

2 4.0 2.0 2.7 4.7 4.0 5.0 P 

3 5.0 2.5 2.9 4.4 3.3 4.8 P 

4 3.0 1.7 2.1 3.9 3.6 5.2 P 

5 2.4 2.8 <1 4.0 3.4 4.9 P 

6 3.8 4.7 <1 4.0 5.0 6.0 P 

7 1.0 1.5 <1 3.7 3.3 4.1 P 

8 3.9 1.8 1.6 3.3 4.3 5.2 P 

9 1.0 5.3 <1 3.0 2.5 4.6 P 

Means 2.8 2.7 1.6 3.8 3.7 4.9 - 

SD 1.3 1.2 0.7 0.4 0.7 0.3 - 
 

¹ log CFU g-1; ² Presence (P); 
3
 Standard Deviation (SD). 

 
 
 

Table 2. E. coli counts in vegetables, soil and irrigation water of producers in the rural communities. 
 

Producer 

Vegetables¹ Soil¹ 

Water² 
Lettuce Parsley Tomato 

Soil 
Lettuce 

Soil 
Parsley 

Soil Tomato 

1 <1 <1 <1 <1 3.6 3.0 P 

2 3.3 <1 <1 3.6 <1 <1 A 

3 <1 1.5 <1 3.0 <1 <1 P 

4 <1 <1 <1 <1 <1 <1 P 

5 <1 1.0 <1 <1 <1 <1 P 

6 <1 <1 <1 <1 <1 <1 P 

7 <1 1.0 <1 <1 <1 <1 P 

8 <1 1.0 <1 <1 <1 <1 P 

9 <1 1.0 <1 <1 <1 <1 P 

Means 1.1 1.0 <1 1.4 1.2 1.1 - 

SD 0.7 0.1 0.7 0.9 0.9 0.6 - 
 

¹ log CFU g-1; ² Presence (P) Absence (A); 
3
 Standard Deviation (SD). 

 
 
 

et al. (2010) also reported low contamination in tomato 
when compared to the other vegetables under analysis. 
All vegetable samples showed MY with mean counts 
between 1.6 and 5.0 log CFU/ g

-1
. MY counts in soil 

samples were high, varying between 4.7 and 4.9 log CFU 
g

-1
. Only one sample failed to show MY colony growth, 

whilst count samples ranged between <1.0 and 5.0 log 
CFU g

-1
. Producer 2 had the worst MY counts for lettuce 

(5.5 log CFU g
-1

) and parsley samples (5.8 log CFU g
-1

) 
(Table 3). 

Santos et al. (2010) reported that although MY are 
important indicators of food contamination, maximum 
counting limits were not predicted for most foods (Santos 
et al., 2010). Current study also estimated counts of 
heterotrophic bacteria (HB) in samples of soil of 
vegetable gardens. Counts ranged between  6.1  and  6.4 

log CFU g
-1

. Studies by Borges Filho and Machado 
(2013) revealed HB between <1.0 and 10 log CFU g

-1
 in 

soils after the addition of organic manure in Belo 
Horizonte, Brazil, considered high by the authors. 
Similarly, bacteria counts were high and may be a source 
of contamination to cultivated vegetables. HB counts 
were estimated in irrigation water samples. Sample from 
Producer 7 had the lowest HB count, whereas sample 
from Producer 5 proved to be the highest, respectively 
1.4 and 5.5 log CFU g

-1
. Sample from Producer 7 was 

retrieved from an artesian well and stored in a reservoir 
on the top of the house. The sample of Producer 5 was 
different even though it was retrieved from the public 
water supply and stored in an open reservoir on the floor.  
Only two water samples (Producers 7 and 8) had had 
populations    within     the     maximum      limit     allowed
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Table 3. Molds and yeast counts in vegetable, soil and irrigation water of producers in the rural 
communities. 
 

Producer 
Vegetables¹ Soil¹ 

Water¹ 
Lettuce Parsely Tomato Soil Lettuce Soil Parsely Soil tomato 

1 5.4 5.1 4.5 4.7 4.7 5.1 3.0 

2 5.5 5.8 2.1 4.7 5.0 4.6 2.0 

3 4.6 4.6 4.5 5.1 4.8 4.9 2.0 

4 4.4 4.9 5.0 4.0 5.2 4.7 2.0 

5 4.6 4.8 4.3 5.0 4.9 5.0 4.0 

6 5.1 5.1 4.0 4.6 6.0 4.6 0 

7 5.5 5.3 4.0 4.6 4.1 5.0 5.0 

8 4.9 5.3 5.2 4.8 5.2 4.7 4.0 

9 3.9 3.9 2.8 4.9 4.6 5.7 1.0 

Means 4.8 5.0 4.0 4.7 4.9 4.9 2.5 

SD 0.5 0.5 0.7 0.2 0.4 4.3 1.4 
 

¹ CFUv; 
3
 Standard Deviation (SD). 

 
 
 
(respectively 1.4 and 1.8 log CFU g

-1
), or rather 2.7 log 

CFU ml
-1

. Consequently, 78% of samples did not comply 
with current legislation (Ministry of Health, 2011). 
According to Araújo et al. (2015), HB counts are 
dangerous at high concentrations, although counts are 
employed as a complementary parameter to 
thermotolerant coliforms such as E. coli.  

At least one parasite species was extant in most 
samples analyzed (79.3%). The 2014 RDC Resolution of 
ANVISA determined the absence of parasites, at any 
phase of development, in food (Table 4). According to the 
above legislation, 77.8% of vegetable garden samples 
were not fit for human consumption (ANVISA, 2014). 
Lettuces and parsley had the highest number of positive 
samples. Similarly, lettuces in studies on vegetables had 
the highest parasite contamination (Constantin et al., 
2013; Coutinho et al., 2015; Brauer et al., 2016). Since 
lettuce and parsley grow close to the soil, they are more 
prone to contamination by parasites. Protozoa cysts and 
helminth eggs survive for long periods in the soil and are 
still viable at the moment of intake of vegetables (Brauer 
et al., 2016). 

Five tomato samples (55%) were contaminated by 
helminths, contrasting reports by Abreu et al. (2010) who 
highlighted that the distance of the tomatoes above the 
soil makes contamination by parasites difficult. Parasites 
which are most frequently found in vegetable samples 
were ciliated protozoa cysts (81%), cysts of other 
protozoa (44.4%), larvae of nematode helminths (18.5%), 
adults of nematode helminths (14.8%), adult mites 
(14.8%), cysts of Endolimax nana (14,8%), eggs of 
Ancylostoma spp (3,7%) and eggs of trematode  
helminths (3.7%). Soil samples contained ciliated 
protozoa cysts (51.8%), cysts of other protozoa (40.7%), 
larvae of nematode helminths (37%), adults of nematode 
helminths (22.2%), eggs of nematode helminths (7.4%), 
eggs of Ancylostoma spp (3.7%), eggs  of  Trichuris  spp.   

(3.7%). 
Since no species classification key is extant in the 

laboratory, it was not possible to identify the species of 
several parasites in the material under analysis. Although 
most species were not pathogenic, they nevertheless 
indicate the poor sanitary conditions in vegetable 
breeding. It is also highly relevant to detect helminths 
such as Ancylostoma spp, not merely because of their 
high prevalence but due to the diversity of their clinical 
manifestations in the hosts (Mesquita et al., 2015). 
Prevalence of protozoa was reported in all samples, 
when compared to helminths. Parasites may be vectors 
in several ways and, due to their great adaptability and 
resistance, they could coexist in highly uncommon media 
(Terto et al., 2014). 

As a rule, parasite contamination occurred more in 
vegetable than in soil samples. This result was due to 
contamination during handling by infected handlers or 
through contact with fecal dejects vectored by animals 
such as fowl, flies, mice and insects. Since the latter stay 
on faeces in the open air and then fly onto food, they 
were important mechanical vectors of parasites (Bauer et 
al., 2016). Current legislation has not provided maximum 
and minimum rates for water temperature for human 
consumption. However, temperature between 24 and 
32.5°C of water samples (Table 5) was prone to develop 
TC groups that survive temperatures up to 37°C (Silva et 
al., 2016). 

Further, pH is linked to bacterial multiplication since 
most the best pH for most bacteria oscillates between 6.5 
and 7.5. In other words, pH past neutrality is related to 
the introduction of organic matter and home effluents. 
Current study reveals that four samples were inadequate, 
featuring pH rates below that recommended (6.0- 9.5) 
(Ministry of Health, 2011).  

 In the case of turbidity, the sample of Producer 1 only 
was not satisfactory due to non-compliance with standard
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Table 4. Parasites in samples of vegetables, soil and irrigation water in rural communities. 
 

Samples 
Helminths Protozoa Bi-parasitism Absence 

n % n % n % n % 

Vegetables 

Lettuce - - 6 67 3 33 - - 

Parsley - - 6 67 3 33 - - 

Tomato 5 55 1 11 1 11 2 22 

Soil 

Lettuce - - 2 22 6 67 1 11 

Parsley 1 11 2 22 4 44 2 22 

Tomato 2 22 3 33 2 22 2 22 

Water - - 2 22 1 11 6 67 
 

¹ number (n). 

 
 
 

Table 5. Physical and chemical parameters of irrigation water used in the production of vegetables of producers in rural 
communities. 
 

Producer 

Physical and chemical parameters 

Temperature. 
(Cº) 

pH DO (mg L-1) Turbidity. (NTU) 

1 25.2 5.8 7.0 7.28 

2 25.5 4.95 5.0 0.19 

3 24.2 4.7 4.5 1.25 

4 27.0 5.94 6.0 0.02 

5 24.0 6.5 6.6 4.43 

6 32.5 6.41 4.0 3.86 

7 27.9 6.46 8.7 2.14 

8 25.9 6.5 9.9 3.13 

9 30.5 6.88 7.2 1.34 
 

¹Dissolved Oxygen (DO); 
2
 Nephelometric Turbidity Unit (NTU). 

 
 
 
of up to 5.0 NTU (Ministry of Health, 2011). So that the 
water´s microbiological quality may be guaranteed, the 
turbidity pattern should be monitored. In fact, several 
studies have shown that pathogens, such as 
Cryptosporidium spp., has been associated with turbidity. 
In fact, the greater the water´s turbidity rate, the greater is 
the possibility of detecting parasites (Daneluz; Tessaro, 
2015). 

Oxygen is essential for aerobic organisms, DO 
amounts assess water conditions, during the aerobic 
equilibrium of the water´s organic matter, decomposition-
causing bacteria use oxygen in their respiratory 
processes and may decrease it in the medium. The 
greater the charge of organic matter, the greater is the 
number of decomposition-causing microorganisms and, 
consequently, greater oxygen consumption (Araújo et al., 
2015). In current study, DO rates ranged between 4.0 
and 9.9 mg/dL, even though Resolution 2914/2011 have 
not established DO rates in water for human consumption. 

Allende et al. (2015) revealed that irrigation water is the  

main source of contamination in vegetables. Water 
contamination by human faeces originates from public or 
home sewage discharges and from direct release of fecal 
material on the water surface by domestic or wild 
animals. Since many people failed to treat water 
adequately, a possible transmission chain was 
established. Health risks exist when water is taken or 
food washed by contaminated water is ingested 
(Fernandes et al., 2015). 

Fischer´s test was employed to assess the relationship 
between contamination of vegetables, soil and water 
irrigation. No statistical relationship between the variables 
was detected. Although a statistical co-relationship 
between variables was not established, the results of the 
analysis were highly relevant due to the great importance 
that contamination of vegetables represented for public 
health. Good Agricultural Practices (GAP) during the 
cultivation of vegetables is basic to prevent contamination 
and protect consumers´ health.  

However,   proper    washing    of    vegetables   by  the 
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population prior to consumption is mandatory for healthy 
food, with a reduction in microbial counts. The Brazilian 
Agency for Sanitary Care (ANVISA) recommends the use 
of sodium hypochlorite 200 ppm for 10 min as a sanitizing 
method so that vegetables may be safely consumed 
(ANVISA, 2004).  
 
 
Farms characteristics 
 

Nine producers were interviewed, of which six were 
between 30 and 55 years old and three over 55 years 
old. The survey showed that seven were males and only 
two were females. Also, seven of the producers had 
incomplete elementary school and two did not have any 
formal education. Avendaño-Reyes et al. (2019) in a 
study conducted with dairy farmers in Mexico found that 
most farmers were also males (84 and 20%) had no 
formal education, but 40% had studied at elementary 
school  and the average age of farmers was over 56 
years, unlike our own findings. 

All interviewed people cultivated planted the vegetables 
in open fields and called themselves producers of organic 
vegetables. They informed that they used cattle or goat 
manure and food wastes, although none had an organic 
producer certificate issued by the Ministry of Agriculture, 
Stockbreeding and Supply (MAPA). According to MAPA 
producers selling organic products should have a 
certificate issued by MAPA or they should organize in 
groups for direct commercialization without any 
certificate. In this case, the producer cannot sell to third 
parties but only in town fairs (or directly to consumers) 
and in purchases by the government (Brazilian Program 
for School Food) and for the National Supply Company 
(CONAB). Producer 4, for instance, was not authorized to 
sell organic vegetables but they were sold to restaurants 
and supermarkets (Mapa, 2003).   

When the hygiene and sanitary conditions of the 
vegetable garden area with regard to domestic animal 
breeding were evaluated, it may be seen that all 
producers had domestic animals, such as dogs, cats and 
fowls, which freely roamed around the vegetable 
gardens. Only 66.6% of homes had any sanitary 
installations and used septic cesspits for sewage. The 
other producers with no sanitary installations excreted 
directly in the soil. Other residents (55.5%), even with 
sanitary devices in their homes, preferred to do the same.   

According to Jesus et al. (2013), bad sanitary 
conditions contributed towards the dissemination of 
intestine parasitosis in rural and urban areas. Constantin 
et al. (2013) insisted that performing physiological needs 
directly in the soil was a common habit by rural 
inhabitants, implying inadequate disposal of human 
dejects. It increased contamination risks in the field. 
Further, the roaming of animals within or close to the 
vegetable gardens could contaminate vegetables by 
pathogens in their feces.  

Eight producers (88.9%) used animal manure and  only 

 
 
 
 
one (11.1%) reported the use of vegetable wastes and 
ashes and the producers did not practice composting. 
According to Sediyama (2014), animal manure should be 
processed for composting to decrease microbial load. In 
fact, when organic manure was treated or stored 
inadequately, it could contain pathogens and contaminate 
the vegetables. In fact, it favored the survival of helminth 
eggs and protozoa cysts in the medium up to the intake 
of the vegetables. The cistern was the means of water 
supply for irrigation by 55.5% of participants. Only 
Producer 5 employed water from the water supply 
system, even though the water was inadequately stored 
within an open tank. Unhealthy conditions of irrigation 
water were the rule in 88.9% of the vegetable gardens.  
 
 
Conclusion 
 
Due to high microbial density and the detection of 
parasites in most samples, one may say that health 
quality in the production of vegetables is not satisfactory 
possibly due to improper use of partially decomposed 
fertilizers, failure to treat water used for irrigation, contact 
of vegetables with feces waste, improper handling and 
bad home hygiene habits and is a risk to human health. It 
is crucial to invest in educational activities for handlers 
and farmers so that a better vegetable quality could be 
offered to the population. More efficient monitoring is 
required by health authorities, requiring periodic 
assessments for parasites so that consumers may have a 
better life quality.  
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In the current study, a marine strain Bacillus subtilis JK-79 capable of producing L-glutaminase 
enzyme, was analyzed for maximal L-glutaminase production. The Plackett-Burman design (PBD) was 
applied to determine the significant variables. Optimum conditions of the significant variables on L-
glutaminase production were determined by the Central Composite Design (CCD) of response surface 
methodology. Maximum L-glutaminase production of 691.27 U/ml under flask condition was obtained at 
the predicted optimal values of pH 6.9, fructose 2.1% (w/v), yeast extract 1.25% (w/v), and glutamine 
2.47% (w/v). Statistical optimization has enhanced L-glutaminase enzyme production upto 3.48 fold 
when compared with the basal SWG medium. The results of this study revealed that marine B. subtilis 
JK-79 could be a promising source for L-glutaminase production. 
 
Key words: Bacillus subtilis JK-79, L-gltaminase, response surface methodology, submerged fermentation. 

 
  
INTRODUCTION 
 
Leukemia leads to the lympo-proliferative disorders in 
particular acute lymphoblastic leukemia (ALL). According 
to facts and statistics, Leukemia and Lymphomo Society 
(2018), 60,300 people are expected to be diagnosed with 
leukemia in United States and 24,370 people are 
expected to die from leukemia (14,270 males and 10,100 
females). In 2010 to 2014, leukemia was the sixth most 
common cause of cancer deaths in both men and women 
(American Cancer Society’s Cancer Facts and 
Figures, 2018). The treatment of ALL is very complex 
with drugs and there is reluctance for use in children  and 

adults as it results in severe toxic reactions (Douer, 2008; 
Noura et al., 2014). In recent years, cancer therapy is 
highly relied on enzymes as they are low molecular 
weight protein molecules specific in their action and have 
less or no toxic effects. The enzymatic approach was 
reported to be more promising cancer therapy, due to the 
discovery of several enzymes with effective anti-cancer 
activity on various types of cancer (Vellard, 2003; 
Pandian et al., 2014).  

L-glutaminase an amidohydrolase enzyme (E.C 
3.5.1.2) has been found to be promising in  the  treatment  
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of ALL (Souba, 1993; Vijayan et al., 2017). Cancer cells, 
especially ALL cells cannot synthesize L-glutamine, as 
they lack properly functioning glutamine biosynthetic 
machinery and therefore require large amount of L-
glutamine for their rapid growth. These cells depend on 
the exogenous supply of L-glutamine for their survival 
and rapid cell division. Hence, the use of L-glutaminase 
deprives the tumor cells from L-glutamine and causes 
selective death of L-glutamine dependant tumor cells. 
Thus, it can act as a possible candidate for enzyme 
therapy (Hensley et al., 2013; El-Ghonemy, 2014). In 
recent years, L-glutaminase in combination with or as an 
alternative to L-asparginase could be used as in enzyme 
therapy for cancer particularly leukemia (Sabu, 2003). 

The production of L-glutaminase by bacteria has 
attracted great attention owing to their cost effective and 
eco-friendly nature (Chandrasekaran, 1996; Unissa et al., 
2014). Microbial L-glutaminase can be produced by both 
submerged and solid state fermentation. The 
improvement in production of L-glutaminase by a 
microbial strain can be achieved by determining the 
optimum physico-chemical parameters. Selection of 
appropriate carbon and nitrogen source is one of the 
most critical stages in the development of an efficient and 
economical production process. The methodologies used 
for screening of the components fall into two major 
categories: classical and statistical. The screening of 
various cultural parameters by classical method involves 
changing one independent variable (component of 
medium, parameter) at a time while fixing all other at 
certain level. This single dimensional search is simple, 
easy and useful technique to evaluate the individual 
effects of the media components and process conditions 
(Iyer and Singhal, 2008, 2009, 2010a, b) and has been 
commonly used for optimization.  

However, the interaction between components 
influencing the production of a particular metabolite 
cannot be studied by varying one factor at a time (OFAT). 
Moreover, it often does not allow determination of actual 
optimum level of different components for a particular 
fermentation. The statistical methods provide an 
alternative solution to optimize a particular process by 
considering mutual interactions among the variables and 
give an estimate of the combined effect of these variables 
on the final result. Moreover, statistical methods are less 
laborious and rapid; thus are preferred over conventional 
OFAT approach for process optimization (Montgomery, 
2000). Various statistical designs ranging from 2-factorial 
to multi-factorial are available for optimization of process 
parameters (Montgomery, 2000; Myers et al., 2009).  

There has been much work reported on the effect of 
growth medium on the production of L-glutaminase by 
different marine bacteria. Various carbon and nitrogen 
sources were found to improve the production of L-
glutaminase. Extracellular L-glutaminase producing 
Beauveria species BTMF S10 was isolated from marine 
sediment   (Keerthi   et   al.,   1999)   and   the  yield  was  

Kiruthika and Murugesan          17 
 

 
 
improved when the medium was supplemented with 1% 
yeast extract and sorbitol, 9% sodium chloride and 0.2% 
methionine at pH 9, 27°C. Optimum production of L-
glutaminase from Streptomyces rimosus was observed at 
27°C, pH 9 and glucose and malt extract as carbon and 
nitrogen sources, respectively (Sivakumar et al., 2006). 
Iyer and Singhal (2008, 2009), observed that the carbon 
and nitrogen sources for L-glutaminase production varied 
with the organisms. Supplementation of sucrose and 
yeast extract as carbon and nitrogen source improved L-
glutaminase production by Zygosaccharomyces rouxii 
while higher L-glutaminase production was noticed in 
Providencia species with glucose and urea as carbon and 
nitrogen source, respectively. Recently, there are several 
reports which confirm the fact that the carbon and 
nitrogen sources significantly affect the production of L-
glutaminase by microorganisms (Sathish and 
Prakasham, 2013; Krishnakumar et al., 2011; Pandian et 
al., 2014; Jesuraj et al., 2017). 

In the present investigation, the potent marine strain 
Bacillus subtilis JK-79 was evaluated for maximal 
production of the L-glutaminase enzyme. In this context, 
different production media, carbon and nitrogen sources 
were tested for the highest yield of the L-glutaminase 
production. 
 
  
MATERIALS AND METHODS 
 
Microorganism and culture maintenance 
 
The strain B. subtilis JK-79 (KC492745) used in this study was 
isolated from marine soil collected from Parangipettai costal area 
(Kiruthika and Saraswathy, 2014). 
 
  
L-Glutaminase assay and protein estimation 
 
L-glutaminase was assayed by the method of Imada et al. (1973). 
One international unit of L-glutaminase was defined as the amount 
of enzyme that liberates 1 µmol of ammonia under optimal 
conditions. The enzyme yield was expressed as Units/ml (U/ml of 
culture supernatant). Protein content in the crude enzyme source 
was estimated by Lowry’s method (Lowry et al., 1951) using bovine 
serum albumin as the standard and the values were expressed as 
mg/ml. 
 
 

Optimization by statistical design 
 

Identifying significant variables by Plackett-Burman Design 
(PBD) 
 

The Plackett-Burman Design (PBD; Mini Tab, trial version 17) was 
used to identify the significant variables affecting the L-glutaminase 
production. A total of eight factors such as pH (A), temperature (B), 
agitation speed (C), inoculum size (D), incubation time (E), carbon 
source (F), nitrogen source (G), and glutamine level (H), were 
considered and their high and low levels are shown in Table 1.  

The responses from the 12 individual experiments were utilized 
for generating regression co-efficient values and the significant 
variables were further optimization by central composite design 
(CCD). 
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Table 1. High and low levels of variables used in PBD. 
 

S/N Coded variable Factor Low level (-1) High level (+1) 

1 A pH 5 9 

2 B Temperature 25°C 45°C 

3 C Agitation speed 50 rpm 200 rpm 

4 D Incubation time 6 h 24 h 

5 E Inoculum size 1% (v/v) 7% (v/v) 

6 F Carbon source (fructose) 1% (w/v) 5% (w/v) 

7 G Nitrogen source (Yeast extract) 1% (w/v) 5% (w/v) 

8 H Glutamine 1% (w/v) 5% (w/v) 

 
 

 
Table 2. PB experimental design for evaluating factors influencing L-glutaminase production by Bacillus subtilis JK-79. 
 

Run 

order 
A (pH) 

B 

(Temperature) 

C 

(Agitation speed) 

D 

(Incubation time) 

E 

(Inoculum size) 

F 

(Carbon source) 

G 

(Nitrogen source) 

H 

(Glutamine) 

L-glutaminase  

activity (U/ml) 

Protein concentration 
(mg/ml) 

1 -1 -1 1 1 1 -1 1 1 566.67 11.4 

2 1 -1 1 1 -1 1 -1 -1 233.33 4.11 

3 1 1 1 -1 1 1 -1 1 450 9.12 

4 -1 1 -1 -1 -1 1 1 1 666.67 13.4 

5 -1 -1 -1 1 1 1 -1 1 466.67 10 

6 -1 1 1 1 -1 1 1 -1 412.22 8.78 

7 1 1 -1 1 1 -1 1 -1 192.33 4 

8 1 -1 -1 -1 1 1 1 -1 383.33 8.82 

9 1 -1 1 -1 -1 -1 1 1 366.67 8.1 

10 -1 -1 -1 -1 -1 -1 -1 -1 150 3.23 

11 1 1 -1 1 -1 -1 -1 1 175 3.86 

12 -1 1 1 -1 1 -1 -1 -1 183.33 3.98 

 
 
 
Response surface methodology  
 
The significant variables screened through PBD technique 
were subjected to CCD Software Design Expert Release 9 
(Stat-Ease INC. Minneapolis MN, USA), a popular second 
order experimental design for developing sequential 
experimentation and predicting the levels of factors to get 
an optimal response through regression analysis. The 
effects  of   four   independent   variables   viz.  pH,  carbon 

source, nitrogen source and glutamine on the production of 
L-glutaminase were studied at five different levels (-2, -1, 0, 
1, 2). A full factorial central composite design was 
performed to build a total of 30 experiments, having 24 = 16 
cube points and 6 centre points (4 in cube and 2 in axial 
positions) and 4 × 2= 8 star points. The second-degree 
polynomial equation was used to determine the 
relationship between the independent variables and the 
response.  

RESULTS AND DISCUSSION 
 

Identification of significant factors using pbd  
 

The influence of eight variables, in the production 
of l-glutaminase by the strain b. Subtilis jk-79 was 
investigated in 12 runs using pbd. Table 2 
represents the PBD for the selected eight variables
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Table 3. ANOVA for PBD. 
 

Source DF Adj SS Adj MS F-Value p-Value 

Model 8 304153 38019 13.20 0.029* 

Linear 8 304153 38019 13.20 0.029* 

pH 1 34658 34658 12.03 0.040* 

Temperature 1 632 632 0.22 0.671 

Agitation speed 1 2647 2647 0.92 0.409 

Incubation time 1 1971 1971 0.68 0.469 

Inoculum size 1 4738 4738 1.64 0.290 

Carbon source 1 79743 79743 27.68 0.013* 

Nitrogen source 1 72007 72007 25.00 0.015* 

Glutamine 1 107757 107757 37.40 0.009* 

Error 3 8643 2881 - - 

Total 11 312795 - - - 
 

*Significant. R2 = 97.24%, Adj. R2=89.87%, Pred. R2= 55.79%. 

 
 
 

Table 4. Actual and coded values of the factors employed in CCD. 
 

Factor 
Range of levels 

Code -2 -1 0 1 2 

pH A 3 5 7 9 11 

Carbon source (fructose % w/v) B 1.50 1.75 2.0 2.25 2.50 

Nitrogen source (yeast extract % w/v) C 0.5 1.0 1.5 2.0 2.5 

Glutamine (% w/v) D 0.5 1.5 2.5 3.5 4.5 

 
 
 
and the corresponding response for L-glutaminase 
production (U/ml). Variations were observed in the 
production of L-glutaminase ranging from 150 to 666.67 
U/ml. On the basis of analysis of variance (ANOVA), the 
most effective factors with high significance were in the 
order glutamine (H), fructose (F), yeast extract (G) and 
pH (A) (Table 3). The first order polynomial equation was 
derived representing L-glutaminase production as a 
function of independent variables 

 
Y = 353.9 + 94.8 H + 77.5 G + 81.5 F - 53.7 A 

 
Where, Y is the response (L-glutaminase production 
U/ml); H, G, F and A are independent variables of 
glutamine, fructose, yeast extract and pH, respectively 
with their corresponding co-efficients.  

Statistical analysis of PBD demonstrated that the model 
F value of 13.2 is significant and among the significant 
factors, glutamine showed a remarkable effect on the 
production of L-glutaminase by B. subtilis JK-79. In the 
present model, R

2 
was 97.24%, and only 2.77% variability 

was not explained. Thus, the present R
2
 value reflected 

reliability of the model for predicting L-glutaminase 
production. The value of the adjusted determination 
coefficient (Adj R

2
 = 0.8987) confirmed the significance of 

the model as well.  

Optimization using CCD 
 

RSM using CCD was adopted to understand the 
interactive effects of these four significant variables. 
Table 4 illustrates the details of actual and coded values 
employed in the CCD. The experimental trials were 
performed based on the CCD (Table 5) and the results 
obtained were fitted to a second order polynomial 
equation to explain the dependence of L-glutaminase 
production with the independent variables. 
 

Y = +683.08 -13.88 × A + 10.05 × B - 32.83 × C - 5.88 × 
D + 3.05 × AB - 8.86 × AC + 27.78 × AD + 12.41 × BC - 
20.47 × BD + 11.88 × CD – 159.62 × A

2
 - 27.55 × B

2
 – 

49.30 × C
2
 - 100.93 × D

2
 

 

Where, Y is the response of L-glutaminase production, A, 
B, C and D are the coded values of pH, fructose, yeast 
extract and glutamine, respectively. 

The analysis of variance of the quadratic regression 
model (Table 6) suggested that the model was very 
significant which was evident from the Fisher’s F-test 
(Fmodel = 588.38) and a low probability value 
(Pmodel<0.0001). The p value for “lack of fit” (0.0957) also 
indicated that the quadratic model adequately fitted the 
data. In this model, A, B, C, D, AC, AD, BC, BD, CD, A

2
, 

B
2
, C

2
,  and  D

2
 are significant model terms. R

2
 was found  
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Table 5. Observed response of CCD using four independent variables and six centre points. 
 

Std. Run 

Factor 1 Factor 2 Factor 3 Factor 4 Response Protein 
concentration 

(mg/ml) A:pH 
B:Carbon source 

(% w/v) 

C:Nitrogen source 

(% w/v) 
D: Glutamine (%) 

L-glutaminase  
activity (U/ml) 

26 1 0 0 0 0 686.67 14.12 

2 2 1 -1 -1 -1 335.58 7.91 

18 3 2 0 0 0 22.23 0.97 

11 4 -1 1 -1 1 305.17 6.92 

22 5 0 0 2 0 433.38 9.36 

3 6 -1 1 -1 -1 458.87 9.98 

24 7 0 0 0 2 268.38 5.28 

29 8 0 0 0 0 691.27 14.98 

20 9 0 2 0 0 592.28 12.23 

9 10 -1 -1 -1 1 366.67 8.16 

7 11 -1 1 1 -1 389.87 8.89 

27 12 0 0 0 0 683.38 13.86 

30 13 0 0 0 0 686.33 13.54 

12 14 1 1 -1 1 372.27 8.38 

14 15 1 -1 1 1 303.47 6.02 

17 16 -2 0 0 0 68.33 3.42 

25 17 0 0 0 0 677.87 13.02 

23 18 0 0 0 -2 290.29 5.82 

13 19 -1 -1 1 1 317.77 7.18 

16 20 1 1 1 1 322.27 7.89 

1 21 -1 -1 -1 -1 422.27 9.36 

5 22 -1 -1 1 -1 308.33 6.02 

6 23 1 -1 1 -1 218.87 4.33 

8 24 1 1 1 -1 298.87 5.81 

15 25 -1 1 1 1 318.87 7.61 

21 26 0 0 -2 0 538.33 11.38 

4 27 1 1 -1 -1 383.33 8.71 

10 28 1 -1 -1 1 412.27 8.89 

19 29 0 -2 0 0 553.83 11.41 

28 30 0 0 0 0 672.97 13.34 

 
 
 
to be 0.9982 indicating that the model was reliable. 

3D response surfaces were generated to understand 
the interaction between independent variables. Figure 1i-
vi shows the response surfaces and contour plots 
generated for the variation in the yields of L-glutaminase 
as a function of concentrations of two variables with the 
other two variables at their central value. The coordinates 
of the central point within the highest contour levels in 
each of the figures correspond to the optimum 
concentrations of the respective components. Evaluation 
of response surface curves and contour plots indicate the 
range of optimum conditions within the experimental area 
covered or show the way to conduct further experiments 
to achieve better results.  

From the Figure 1i, it was evident that when the 
concentration of glutamine and nitrogen source were held 
at  their   middle   values,   the   pH   showed   a parabolic 

response at the different concentrations of fructose with 
the highest yield of L-glutaminase obtained in the range 
of pH 7. Very low and high pH values were not favorable 
for enzyme production. Variation in fructose concentration 
has also followed a parabolic curve and optimum yield 
was in the range of 2.0 to 2.25%. 

Similarly, the response behavior was analyzed between 
pH and yeast extract with the other two factors (glutamine 
and fructose) kept at their middle values. The production 
of L-glutaminae was affected by pH and followed a 
parabolic curve. Extreme conditions of pH decreased the 
production of the enzyme and the optimum pH was 7. 
However, the concentration of yeast extract also affected 
the response and the maximum L-glutaminase production 
was obtained in the range of 1 to 1.5% (Figure 1ii). 

The 3D response surface and contour plot between pH 
and  glutamine  is  represented  in Figure 1iii. From these
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Table 6. ANOVA for the CCD quadratic model. 
 

Source 

Analysis of variance table [Partial sum of squares - Type III] 

Sum of 

squares 
df 

Mean 

Square 

F 

Value 

p-value 

Prob > F 
Significance 

Model 9.366E+005 14 66900.18 588.38 < 0.0001 Significant 

A-pH 4622.87 1 4622.87 40.66 < 0.0001 - 

B-Carbon source 2423.86 1 2423.86 21.32 0.0003 - 

C-Nitrogen source 25873.32 1 25873.32 227.55 < 0.0001 - 

D-Glutamine 828.96 1 828.96 7.29 0.0165 - 

AB 148.90 1 148.90 1.31 0.2704 - 

AC 1257.23 1 1257.23 11.06 0.0046 - 

AD 12348.21 1 12348.21 108.60 < 0.0001 - 

BC 2464.87 1 2464.87 21.68 0.0003 - 

BD 6703.11 1 6703.11 58.95 < 0.0001 - 

CD 2258.86 1 2258.86 19.87 0.0005 - 

A
2
 6.973E+005 1 6.973E+005 6132.63 < 0.0001 - 

B
2
 20742.70 1 20742.70 182.43 < 0.0001 - 

C
2
 66664.59 1 66664.59 586.31 < 0.0001 - 

D
2
 2.794E+005 1 2.794E+005 2457.38 < 0.0001 - 

Residual 1705.54 15 113.70 - - - 

Lack of Fit 1485.57 10 148.56 3.38 0.0957 Not significant 

Pure Error 219.97 5 43.99 - - - 

Cor Total 9.383E+005 29 - - - - 

Std. Dev. 10.66 

Mean 413.3 

C.V. % 2.58 

PRESS 8874 

R-Squared 0.9982 

Adj R-Squared 0.9965 

Pred R-Squared 0.9905 

Adeq Precision 88.267 

 
 
 
plots it was evident that lowest yield of L-glutaminase 
was obtained in the extreme pH conditions, that is, highly 
acidic and highly alkaline pH. The L-glutaminase 
production increased considerably when the pH 
approached its middle values and the optimum was in the 
range of 7. The L-glutaminase production was also 
affected by glutamine concentration and followed a 
parabolic curve. The yield was minimum at the very low 
and high concentration of glutamine and the highest 
production was obtained in the range of 2.5 and 3%. 

The fructose and yeast extract concentration affected 
the L-glutaminase production and the optimum enzyme 
production was obtained in the fructose and yeast extract 
concentration of 2 to 2.5% and 1 to 1.5%, respectively 
(Figure 1iv). In the response behaviour of different 
concentrations of fructose and yeast extract (Figure 1v), 
the response pattern was found to be parabolic and the 
optimum production of L-glutaminase was obtained at the 
middle values. Figure 1vi demonstrates that the 
production pattern of  L-glutaminase  was  parabolic  with 

respect to glutamine concentration. In the case of yeast 
extract, the highest yield of the L-glutaminase was 
attained at the mid concentration and further increase in 
yeast extract concentration did not significantly change 
the production of L-glutaminase. 

The optimum values of the independent variables were 
predicted using point prediction tool of design of expert 
software (Figure 2). Maximum L-glutaminase production 
of 688.5 U/ml under flask condition was obtained at the 
predicted optimal values of pH 6.9, fructose 2.1% (w/v), 
yeast extract 1.25% (w/v), and glutamine 2.47% (w/v). 
The maximum experimental L-glutaminase production 
was 691.27 U/ml thus indicating a strong correlation 
between them.  

The L-glutaminase production under submerged 
fermentation by marine B. subtilis JK-79 was determined 
in optimized and unoptimized base medium, that is, Sea 
Water Glutamine (SWG) medium (Kiruthika and 
Saraswathy, 2014) and a 3.48 fold increase in 
glutaminase  production   was   obtained   by  phase-wise 
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Figure 1. 3D response surface plots showing the interaction between the various components considered in the optimization. (i) Response 
behaviour of pH and fructose concentration under constant level of glutamine and nitrogen concentration. (ii) Response behaviour of pH 
and yeast extract concentration under constant level of glutamine and fructose concentration. (iii) Response behaviour of pH and 
glutamine concentration under constant level of yeast extract and fructose concentration. (iv) Response behaviour of fructose and yeast 
extract concentration under constant level of pH and glutamine concentration. (v) Response behaviour of fructose and glutamine 
concentration under constant level of pH and yeast extract concentration. (vi) Response behaviour of yeast extract and glutamine 
concentration under constant level of pH and fructose concentration. 
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Figure 2. Plot between predicted and actual response of L-glutaminase production under submerged 
fermentation. 

 
 
 

 
 

Figure 3. Comparision of L-glutaminase production by marine Bacillus subtilis JK-79 in basal and 
optimized medium.  

 
 
 

optimizing the medium (Figure 3).  
Several authors have reported an increased fold of L-
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and Singhal (2008) used a face centered central 
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glutaminase production and specific activity by 2.94 and 
3.58 folds, respectively with Z. rouxii. Similarly, the 
authors have employed One Factor at a Time (OFAT) 
and FCCCD to design the optimized medium for 
Providencia spp. (Iyer and  Singhal,  2009).  Sathish  and 

Prakasham (2010) found that a hybrid methodology 
adopted resulted in a significant improvement (47%) in 
the L-glutaminase yield by B. subtilis RSP-GLU.  

Suresh et al. (2013) reported optimization of medium 
components through OFAT approach and FCCCD for the 
submerged production of L-glutaminase by Serratia 
marcescens. Pandian et al. (2014) reported the statistical 
optimization of medium composition for the production of 
glutaminase from Alcaligenes faecalis KLU102. RSM was 
used  for  optimization  and  the  bacterium  grown  in  the 
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optimized medium [arabinose (2%), skim milk (4%) and 
sodium chloride (2%)] yielded L-glutaminase activity of 
1.34 IU/mg. 

Jesuraj et al. (2017) has reported statistical 
optimization of L-glutaminase production by mutated 
strain Aeromonas veronii by PBD and CCD. The model 
was found to be a perfect fit in terms of maximizing 
enzyme yield, with the productivity improving at every 
stage to a fourfold output of enzyme (591.11 ±7.97 
IU/mL) compared to the native strain (135±3.51 IU/mL).  
 
 

Conclusion 
 

Statistical optimization has enhanced L-glutaminase 
production under submerged fermentation by marine B. 
subtilis JK-79 (KC492745) (Kiruthika and Saraswathy, 
2014) upto 3.48 fold when compared with the basal SWG 
medium. Thus, application of PBD and RSM for 
optimization studies proved to be an effective method for 
improving the L-glutaminase production. Results of this 
study revealed that marine B. subtilis JK-79 could be a 
promising source for L-glutaminase production. 
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The aim of the study was to establish the seroprevalence of contagious bovine pleuropneumonia 
(CBPP) and contagious caprine pleuropneumonia (CCPP) among cattle and small ruminants received at 
abattoirs in Ilorin, Nigeria. A total of 643 blood samples were taken from 324 cattle and 319 sheep and 
goats. These samples were screened for CBPP and CCPP using rapid latex agglutination tests. The 
majority were from the north of Nigeria. Sera from cattle were screened for the causative mycoplasma of 
CBPP, Mycoplasma mycoides subsp. mycoides (Mmm) and small ruminants were screened for the 
presence of Mycoplasma capricolum subsp. capripneumoniae (Mccp), the cause of CCPP, using 
specific latex agglutination tests. Clinical signs including specific clinical signs associated with CBPP 
were also assessed. A prevalence rate of just over 56% was recorded for CBPP. In all, 22 of 324 cattle 
showed clinical signs but only 10 showed specific clinical signs associated with CBPP infection such as 
dyspnoea, nasal discharge and cough. A CCPP prevalence rate of about 33% was found among the 
small ruminants. In total, 52 of 319 small ruminants showed clinical signs of disease but only 22 of 
these were associated with seropositivity.  The high seroprevalence of CBPP and CCPP in this study is 
suggestive of extensive CBPP and CCPP infection in Ilorin, Nigeria. 
 
Key words: Abattoir survey, Nigeria, contagious bovine pleuropneumonia (CBPP), contagious caprine 
pleuropneumonia (CCPP), seroprevalence. 

 
 
INTRODUCTION 
 
Contagious bovine pleuropneumonia (CBPP) is a highly 
contagious disease of cattle associated with consolidation 

and „marbling‟ of the lung, fibrinous pleurisy and 
accumulation of pleural  fluid  (OIE,  2013).  Transmission
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of the disease is through intimate contact between 
infected and susceptible cattle due to the inhalation of 
infected droplets released during coughing, or in nasal 
discharges from infected animals (OIE, 2013). Nigeria‟s 
status was regarded as CBPP-free in 1965 which had 
been achieved by a 10-year policy of harmonized disease 
reporting, vaccination, prompt laboratory diagnosis, 
quarantine and slaughter (Griffin and Laing, 1966). 
However, since that time, CBPP cases have re-emerged 
with the prevalence increasing across different regions of 
Nigeria (March et al., 2003; Foluso, 2003; Mailafia et al., 
2010). In the humid zones, higher herd prevalence has 
been observed than in arid zones due to differences in 
the rate of contact between cattle because of their 
respective production systems (Masiga et al., 1996; 
Mariner et al., 2005). 

Contagious caprine pleuropneumonia (CCPP) is a 
highly contagious disease of goats and sheep and was 
originally reported in Algeria in 1873. Its devastating 
nature and cause of economic losses in the livestock 
industry makes it a globally notifiable disease (Manso-
Silvan et al., 2009). CCPP is pandemic in parts of Asia, 
Middle East and Africa and it is one of the major threats 
to the small ruminant industries of developing countries 
(OIE, 2013). Only 20 countries previously reported the 
isolation of the causative mycoplasma possibly because 
of the scarcity of laboratory expertise. However, its 
isolation has now been confirmed in many regions such 
as China, Mauritius, Tajikistan, Nigeria, and India using 
improved detection methods such as the agglutination 
test, enzyme-linked immunosorbent assay (ELISA) and 
polymerase chain reaction (PCR) (Nicholas and 
Churchward, 2012).  

There are only a few recent reports describing the 
prevalence of CCPP in Nigeria compared to CBPP (Egwu 
et al., 2012; Akwuobu et al., 2014) and none in the 
southern part of the country. Following the eradication of 
rinderpest from cattle in 2011, there is now significant 
global activity in controlling peste des petits ruminants 
(OIE, 2013).  Since CCPP and this disease can show 
similar clinical signs it will become increasingly important 
to differentiate between the two. 

Available veterinary records show that CBPP is 
endemic in Nigeria and that it spreads via movement of 
trade cattle, seasonal migration and transhuman activities 
(Aliyu et al., 2000; Foluso, 2003; Ajuwape et al., 2004; 
Olorunshola et al., 2017). Also outbreaks of CBPP still 
occur particularly in the northern region which harbours 
three quarters of the country's 16.3 million cattle (PACE, 
2004).  CBPP is caused by the Mycoplasma mycoides 
subsp. mycoides bacteria which belong to a cluster 
consisting of five closely related mycoplasmas, namely, 
Mycoplasma mycoides subsp. capri (Mmc), Mycoplasma 
capricolum subsp. capripneumoniae (Mccp), Mycoplasma 
capricolum subsp. capricolum (Mcc) and Mycoplasma 
leachii (Ml) (Thiaucourt et al., 2011). 

Nigeria has a population of  between  8  and  13  million  

 
 
 
 
sheep with most being found in the northern region and 
about 3.4 million located in the humid (southern) region. 
The goat population is about 22-26 million with 6.6 million 
reported to be in southern region while 20 million are in 
northern region (Lawal-Adebowale and Alarima, 2011). 
Breeds of sheep are mainly the indigenous West African 
Dwarf (WAD) sheep, Due, Balami and Yanks. Among the 
listed indigenous breeds, Uda, Balami and Yankasa are 
mostly widespread in the northern region while the WAD 
breed is common in the southern region. The breeds of 
goat in Nigeria are also mostly indigenous, and these 
include the WAD, Sahel/desert known as West African 
Long-Legged goat, and Sokoto Red/Maradi (Lawal-
Adebowale and Alarima, 2011). The Sahel or desert goat 
and Sokoto Red are the most commont in the north while 
the WAD is more common in Southern Nigeria (FAO, 
2004). 

There have been several studies on the epidemiology 
of CBPP in Nigeria compared with CCPP (Aliyu et al., 
2003; Ajuwape et al., 2004; Babalobi, 2011); however, 
scant information about CCPP is available in the mid-belt 
region of the country. This study was essentially carried 
out in Ilorin which is North Central Nigeria. While most of 
the animals used are from North West Nigeria, effects of 
relocation especially migration from North West Nigeria to 
North Central Nigeria make this study very relevant. 
Furthermore, information on the prevalence of CCPP in 
Nigeria is still sparse (Ajuwape et al., 2004; Babalobi, 
2011). The aim of this study was to provide an up to date 
epidemiological survey based on abattoir data, regarding 
the seroprevalence of CBPP and CCPP in the Ilorin 
region of Nigeria. 
 
 

MATERIALS AND METHODS 
 

Study area  
 

Ilorin is the capital of Kwara State which lies on the plain in the 
southwest of Nigeria at Latitude 8° 30‟ and 8° 50‟ N and Longitude 
4° 20‟ and 4°35‟ E. The city occupies an area of about 468 km2 

situated within the forest and the guinea savannah regions of 
Nigeria. The Ilorin climate is tropical, being influenced by the two 
prevailing trade winds and experiences an annual rainfall of 
between 1000 and 1500 mm with daily average temperatures of 25, 
27 and 22.5°C in January, May and September, respectively. The 
sampling location for this study was the central abattoir at Ipata, 
drawing animals from a pool of cattle markets in the local 
communities of Sango, Oke-ose, Oko-olowo, Alapa, Igbeti, Sadu, 
Sare, Ajase and Ipata.  
 
 

Animals, sample collection and study design 
 

A total of 643 blood samples from ruminants, 324 from cattle and 
319 from small ruminants (44 sheep and 275 goats) were collected 
from the Ipata central abattoir. Collected samples of about 3 to 5 ml 
were kept in labelled sterile bottles and transported to the 
laboratory in cold boxes containing ice packs and later centrifuged 
for serum separation before serological testing. The blood sample 
collections took place from 14 to 24th of December 2016. Relevant 
information  concerning  the  animals  including  species,  age,  sex,  
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Table 1. Sero- prevalence of CBPP in Nigerian cattle samples.  
 

Parameter Total No. of cattle No. positive (%) No. negative (%) 

Sex of cattle 

Males 4 (1.2) 1 (0.3) 3 (0.9) 

Females 320  (98.8) 181 (55.9) 139 (42.9) 

Total 324 (100) 182 (56.2) 142 (43.8) 

     

Region of origin 

North 226 (69.8) 125 (38.6) 101 (31.2) 

South 95 (29.3) 55 (17) 40 (12.3) 

Border area 3 (0.9) 2 (0.6) 1 (0.3) 

Total 324 (100) 182 (56.2) 142 (43.8) 

     

Breed of cattle 

Red Sokoto 50 (15.4) 31 (9.6) 19 (5.9) 

Sokoto gudali 110 (34.0) 63 (19.4) 47 (14.5) 

White fulani 98 (30.2) 55 (17.0) 43 (13.3) 

Red Bororo 62 (19.1) 31 (9.6) 31 (9.6) 

Other 4 (1.2) 2 (0.6) 2 (0.6) 

Total 324 (100) 182 (56.2) 142 (43.8) 

     

Observations of 
clinical signs 

1
Any signs observed 22 (6.8) 

a
6 (1.9) 

b
16 (4.9) 

1
No signs observed 302 (93.2) 176 (54.3) 126 (38.9) 

Total (%) 324 (100.0) 182 (56.2) 142 (43.8) 

 
 

   

Observations of 
specific respiratory 
signs 

2
Respiratory signs observed 10 (3.1) 3 (0.9) 7 (2.2) 

2
Respiratory signs not observed 314 (96.9) 179 (55.2) 135 (41.7) 

Total (%) 324 (100.0) 182 (56.2) 142 (43.8) 
 
1
All clinical signs including respiratory signs, diarrhoea, lameness, tick infestation and other skin lesions. 

2
Clinical signs of respiratory disease 

including nasal discharge, respiratory dyspnoea, cough, but also lung lesions post mortem. 
ab

Values with different alphabetical superscripts were 
significantly different (P<0.05). 

 
 
 
breed, source, weight, physical appearance and health status 
measured using  classic respiratory signs such as dyspnoea, 
cough, nasal discharge and emaciation were collected using a 
structured questionnaire. Cattle carcases were examined for the 
presence of lung lesions at post mortem. 

 
 
Serological tests  

 
Rapid latex agglutination tests were used for the detection of both 
CBPP and CCPP antibodies. These tests had previously proved 
effective for screening for these diseases in Afghanistan (Bahir et 
al., 2017). For CBPP detection in cattle serum, the BoviLAT 
(PA6223) and for CCPP the CapriLAT (RAI6224) tests were used. 
Both test kits were kindly supplied by the Mycoplasma group at the 
Laboratory Agency (Weybridge), Addlestone, Surrey, UK. The 
procedures were carried out according to the manufacturer‟s 
instructions. The test slides were read for the presence of 
agglutination after between 1 and a maximum of 3 min.  Each 
animal was observed for clinical signs on presentation at the 
abattoir which were recorded along with the presenting clinical 
signs for each animal. The latter included fever (40-42°C), cough 
and dyspnoea. Positive and negative control sera provided with the 
kits were tested every 24 samples to monitor test variance and the 
tests performed in line with previously published data (Nicholas et 
al., 1996; Ayling et al., 1999a, b; Bahir et al., 2017). Data were 
analysed by Chi square using SPSS (v.20)  

RESULTS 
 

Of the samples that were positive for agglutination after 3 
min, 16.5 and 42.7% were positive after 1 to 2 min, 
respectively. 
 
 

Cattle  
 

The sero-prevalence of CBPP amongst the sampled 
cattle was 56.2% (182 of 342). Table 1 shows the cattle 
sero-prevalence data disaggregated by test result, sex, 
breed and geographical origin. 320 of the cattle sampled 
were female while only four were male. Although the 
prevalence of CBPP was numerically higher in cattle 
originating from the northern region (38.6%) compared to 
the south (17.0%) this was not statistically significant 
(p≥0.05). 320 of the 324 cattle were from the 4 breeds 
Red Sokoto (50), Sokoto gudali (110), White Fulani (98) 
and Red Buroro (62), with no significant differences in 
prevalence between breeds (Table 1) (p≥0.05). The age 
range recorded for the sampled cattle was between 1 and 
7 years; 310 were within the age range of 1 to 3 years 
while 14 were within the 4 to 7 years age range. The live  
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Table 2.  Sero-prevalence of CCPP in Nigerian small ruminants. 
 

Parameter Total No. of animals No. positive (%) No. negative (%) 

Species 

Goat 275 (86.2) 90 (28.2) 185 (58) 

Sheep  44 (13.8) 15 (4.7) 29 (9.1) 

Total 319 (100) 105 (32.9) 214 (67.1) 

     

Sex 

Male 266 (83.4) 82 (25.7) 184 (57.7) 

Female 53 (16.6) 23 (7.2) 30 (9.4) 

Total 319 (100) 105 (32.9) 214 (67.1) 

     

Region of origin 

North  180 (56.4) 55 (17.2) 125 (39.2) 

South 139 (43.6) 50 (15.7) 89 (27.9) 

Total 319 (100) 105 (32.9) 214 (67.1) 

     

Breed 

Red Sokoto 178 (55.8) 58 (18.2) 120 (37.6) 

West African Dwarf 93 (29.2) 28 (8.8) 65 (20.4) 

Belami 41 (12.8) 18 (5.6) 23 (7.2) 

Other 7 (2.2) 1 (0.3) 6 (1.9) 

Total 319 (100) 105 (32.9) 214 (67.1) 

     

Observations of clinical signs 

Signs observed 52 (16.3) 22 (6.9) 30 (9.4) 

No signs observed 267 (83.7) 83 (26.0) 184 (57.7) 

Total 319 (100) 105 (32.9) 214 (67.1) 

 
 
 
weights of the cattle varied between 100 and 200 kg. The 
clinical observation data are also shown in Table 1. In all, 
22 of the 324 cattle were recorded as showing clinical 
signs, 10 of which showed specific respiratory signs 
associated with possible CBPP infection, that is, 
dyspnoea, nasal discharge and cough with or without 
lung lesions seen subsequently at post mortem.  
 
 
Small ruminants (SR) 
 
The SR seroprevalence data are shown in Table 2.  Of 
the 319 SR, 275 (86.2%) were caprine while 44 (13.8%) 
were ovine. In total, 32.9% (105) tested positive while 
67.1% (214) were negative (Table 2). Their respective 
ages ranged from 5 to 35 months while their weights 
ranged from 5 to 45 kg. Of the 319 SR, 126 (39.5%) were 
brown in colour, 92 (28.8%) were black, 67 (21.0%) were 
white while 34 (10.7%) contained mixed colours. Most SR 
originated from Northern Nigeria (56.4%). There were no 
significant differences (p≥0.05) in the proportion of 
seropositives between the breeds (Table 2).  Of the 319 
SR, 52 (16.3%) showed signs of unspecified clinical 
disease while 267 (83.7%) did not. 
 
 
DISCUSSION 
 
Since  it   was   first  reported  in  1924,  CBPP  has  been  

endemic in Nigeria (Foluso, 2003). Reasons have been 
associated with transhumance, nomadism, and other 
inadequate control measures (Egwu et al., 1996). For 
instance, Billy et al. (2017) reported an overall sero-
prevalence of 26.0%. The herd level prevalence of 54.7% 
with 30.2% seropositivity to CBPP within agro-pastoral 
areas was documented by Suleiman et al. (2015). 
Danbirni et al. (2010) reported 47% sero-prevalence in a 
herd of cattle with combined infection with TB. Okaiyeto 
et al. (2011) reported a sero-prevalence of 16.7 and 
17.5% for adults and young cattle, respectively, in a herd 
of cattle with CBPP outbreak. Musa et al. (2016) also 
reported 3.33% prevalence of CBPP from lung samples 
from abattoirs in North Eastern Nigeria. The result of this 
study also differ from the work of Nawathe (1992) and 
Adamu and Aliyu (2006) who in their separate studies 
recorded a lower sero-prevalence of 0.52 and 0.33%, 
respectively in Borno State and Aliyu et al. (2000) who 
recorded a sero-prevalence of 0.29% in 5 other states in 
northern part of Nigeria.  

In this survey, the overall seroprevalence of CBPP was 
182 (56.2) in cattle, CCPP was 90 (28.2) in goats, 15 
(4.7) in sheep, and overall seroprevalence of 105 (32.9) 
in small ruminants, this make our reported prevalence not 
only higher than others, but our survey also captured the 
small ruminants. The higher seroprevalence rate recorded 
in this study could be as a result of the inadequate 
prevention and control measures that resulted in absence 
or irregular  vaccination  programmes  for  cattle over  the 



 
 
 
 
years, as well as the introduction of infected cattle into 
the areas (particularly through transhumance and 
nomadism) that were initially thought to be free of the 
disease (Aliyu et al., 2000). It could also be as a result of 
epidemiological trend of the disease with the presence of 
carriers in some herds which might not have been 
detected clinically and hence the maintenance and 
gradual spread of the disease (Egwu et al., 1996). 

Reliable diagnosis of these two diseases by serology is 
complex, as the performance of available tests varies 
with the stage of infection and/or disease (Muuka et al., 
2011). Thus the fact that the presence of antibodies did 
not coincide well with the detection of clinical signs is not 
surprising. A complement fixation test (CFT) and 
competitive ELISA test for CBPP are approved by OIE 
(2018a, b) for screening purposes but are generally not 
considered sufficiently reliable for diagnosis in individual 
animals because of variable sensitivities and/or 
specificities.   

The CFT is reported as being highly specific at 98% 
(Bellini et al., 1998) but much lower sensitivity at between 
55 and 60%. According to March et al. (2003), CBPP-
CFT-false negative results may occur but LAT is cheaper, 
highly specific and easy to apply in the field, without any 
specialist training or equipment. The LAT used here 
specifically targets antibodies to a capsular 
polysaccharide (CPS) and is reported to have equivalent 
specificity to the CFT, that is, in the high 90%s, but with 
lower sensitivity (Ayling et al., 1999a, b). Therefore, in 
interpreting the present data, an apparent seroprevalence 
of 56.2% is likely to have under-estimated the true 
prevalence of M. mycoides subsp. mycoides CPS 
antibodies. Nevertheless, a value of 56.2% in cattle and 
32.9% in small ruminants reported in this study 
represents a very significant prevalence which suggests 
that M. mycoides subsp. mycoides infection is very 
common in these regions of Nigeria. 

In the case of CCPP, the LAT used was as described 
by March et al. (2002) which is based on recognition of 
the M. capricolum subsp. capripneumoniae CPS antigen 
and is a recognised test by OIE (2018b). This test has a 
high specificity (March et al., 2002) of approximately 99% 
(APHA, Weybridge, UK, personal communication). A 
close agreement of 96% was found between the LAT and 
the CFT in 54 sera from goats experimentally infected 
with M. capricolum subsp. capripneumoniae (Abdel-
Hamid et al., 2016). The test is considered to be highly 
sensitive particularly in the early stages of infection 
(March et al., 2002; OIE 2018a, b). 

In general, despite some limitations in sensitivity, the 
specific LATs for M. mycoides subsp. mycoides and M. 
capricolum subsp. capripneumoniae are regarded as 
useful tests for field screening and have the advantage 
that they can be used relatively easily in the field with 
little need for specialist training or equipment. The speed 
of agglutination reactions was consistent with those 
previously published (Bahir et al., 2017). 
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CBPP in cattle  
 
The seroprevalence rate of 56.2% reported here, is 
generally higher than previous abattoir seroprevalence 
studies of CBPP reported in Nigeria and other parts of 
Africa of between 10 and 32% (Griffin and Laing, 1966, 
Aliyu et al., 2003; Okaiyeto et al., 2011). This suggests 
an increasing trend over time, which is in agreement with 
the annual report by OIE (2013) which stated that CBPP 
is gradually spreading across Nigerian states from the 
northern region to other regions because of constant 
migration of cattle herders. It is known that there is 
significant migration of cattle herders between regions 
and in particular, there is evidence that the disease is 
increasingly moving from the north towards the south 
(Foluso, 2003; Mailafia et al., 2010).  In the present 
study, the majority of the cattle were from the north and 
the seroprevalence was numerically higher in these cattle 
(38.6%) compared to the southern (17.0%) but this was 
not statistically significant.   

In this study, the majority of the cattle were female with 
just 1.2% male. This is probably because females are 
normally kept in higher numbers for rearing than males. 
Because of the small numbers of males any gender 
differential in seroprevalence could not be determined. 
Egwu et al. (2012) reported a lack of gender 
predisposition to CBPP infection.  

Just 22 of the 324 cattle showed clinical signs of 
disease but only 10 of these included respiratory signs 
indicative of possible CBPP, which included dyspnoea, 
nasal discharge and cough with or without emaciation. 
More than half (54.3%) of the animals certified as 
clinically healthy when inspected pre-slaughter, were 
sero-positive to M. mycoides subsp. mycoides. This could 
be attributed to late disease manifestation, high immunity 
levels of the animal or as a result of being an 
asymptomatic carrier or latent carrier; the latter state 
usually occurring when an affected animal partially 
recovers after 3 to 4 weeks (OIE, 2011).  
 
 
CCPP in small ruminants  
 
The overall serological prevalence of M. capricolum 
subsp. capripneumoniae in small ruminants was 32.9% 
and this suggests that there is significant circulation of M. 
capricolum subsp. capripneumoniae in Nigeria. These 
results are consistent with previous reports of CCPP 
prevalence in the north of Nigeria (Egwu et al., 2012; 
Chinedu et al., 2014). Also, significant prevalence rates 
of CCPP have been reported in other parts of Africa. For 
example, Hadush et al. (2009) reported a CCPP 
prevalence rate of 32.68% and Mekuria et al. (2008), 
reported a CCPP prevalence rate of 18.62%, both in 
Ethiopia.  

In the present study there was a higher prevalence of 
CCPP in  goats  (28.2%) compared to sheep (4.7%). This  
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is to be expected because M. capricolum subsp. 
capripneumoniae has most often been associated with 
goats whereas infection in sheep is often associated with 
their close proximity to goats, goats being regarded as 
more susceptible than sheep to mycoplasmas (Akwuobu 
et al., 2014). CCPP seroprevalence tended to be higher 
in males than females (25.7% vs. 7.2%) although this 
was not statistically significant. This effect has been 
previously reported by Akwuobu et al. (2014) who 
suggested that males may be more susceptible than 
females. This is totally at variance to the submission of 
Torsson et al. (2017) who argued that females are more 
susceptible to these diseases due to the length of time 
they are kept for the purpose of reproduction.  

More (56.4%) of the SR originated from the north than 
from the south (43.6%), a similar finding to the studies of  
Lawal-Adebowale and Alarima (2011) and Akwuobu et al. 
(2014). The geography of the northern region is more 
conducive to SR production due to the larger areas of 
suitable agroclimatic conditions in terms of adequate 
rainfall, a longer dry season and lighter sandy soil. 
Highest seropositivity was noted amongst the Red 
Sokoto which was also the largest population, followed by 
the WAD and Balami. 52 of the total 319 SR (16.3%) 
showed evidence of clinical signs of disease but only 22 
of these were sero-positive for CCPP. Thus the majority 
of sero-positives did not show signs of clinical disease 
again suggesting a carrier state as in cattle.   

In conclusion, the present study demonstrated the 
presence of both M. mycoides subsp. mycoides and M. 
capricolum subsp. capripneumoniae in animals 
originating from both the north and south of the country. 
This suggests that the two mycoplasma species are well 
established in both cattle and small ruminants in Nigeria. 
In the past, efforts to control these diseases have not 
been effective due both to lack of sustained and effective 
control strategies, doubts about vaccine safety and 
efficacy and, an antipathy to the use of antibiotics for 
CBPP in cattle. An assessment of the economic impact of 
these diseases would be appropriate to determine the 
cost effectiveness of control programmes to rid Nigeria of 
these potentially devastating diseases.  
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Water contamination is one of the leading causes of deaths and diseases worldwide, accounting for the 
deaths of more than 14,000 people daily, majority being children under 5 years old, therefore periodic 
monitoring of municipal water supplies are necessary. Comparative bacteriological analyses of twenty 
five samples of stored borehole water from five hostels in a tertiary institution in Oyo, Oyo State, was 
carried out using standard microbiological methods between March and April, 2018 to determine their 
bacteriological content. The hostels were: University Female Hostel (UFH), Diocese of Lagos West 
Hostel (DLW), Joseph Adetiloye Hostel (JAH), Diocese of Lagos Hostel (LAG) and Peter Jasper Akinola 
Hostel (IBD). A total of thirteen (13) different bacteria genera were isolated and identified as: 
Aeromonas (17%); Escherichia (4%); Staphylococcus (9%); Pseudomonas (9%); Lactobacillus (13%); 
Corynebacterium (27%); Micrococcus (6%); Streptococcus (3%); Serratia (4%); Klebsiella (1%); 
Citrobacter (3%); Shigella (3%); and Salmonella (1%). The total viable count ranged from 5.0×10

3
 cfu/mL 

(IBD) to 1.23×10
5
 cfu/mL (DLW). Total coliform bacteria counts of the stored water ranged from 0 to 28 

MPN/100 mL. The bacteria load and presence of coliforms and pathogenic organisms raised grave 
concerns as WHO permissible limits for total viable count and coliforms are 100 cfu/mL and 0 MPN/100 
mL, respectively. The organisms isolated are of public health significance as ingestion of water 
contaminated by them could result in gastroenteritis, especially Escherichia that indicates possible 
fecal contamination. 
 
Key words: Bacteriological investigations, pathogens, groundwater, water quality, Oyo. 

 
 
INTRODUCTION 
 
The importance of water to human existence and 
ecological sustainability cannot be overrated as it is 
essential for life. It is found in virtually all living cells and 
is paramount to life. Although a human can do without 
food for up to twenty eight days, man cannot go without 
water for three days (Ukpong et al., 2013;  Akin-Osanaiye 

et al., 2018).  
Studies have proven that over one billion people in the 

world lack access to safe drinking water and about 2.5 
billion people do not have access to adequate sanitation 
services at all (Tar et al., 2009). In developing countries 
such as  Nigeria, clean pipe borne water availability is not  
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available in almost all the states. Due to the inability of 
Government to meet the ever increasing water demand, 
people resort to ground water sources such as shallow 
wells and boreholes as alternative water resources 
(LAWMA, 2000). Natural groundwater is usually of good 
quality but this can deteriorate due to inadequate source 
of protection and poor resource management (Sadiya et 
al., 2018). 

Groundwater is found beneath the earth’s surface 
where it collects in voids of rocks and soil and it forms the 
ultimate source of water for springs, wells and boreholes. 
A borehole is a hydraulic structure which allows the 
withdrawal of water from an aquifer or groundwater 
resource (NWRI, 1997). Borehole water serves as the 
major source of drinking water in the local population of 
Nigeria (Akpoveta et al., 2011). Unfortunately, borehole 
water is not entirely pure and its purity depends on the 
geological conditions of the soil and in particular 
anthropogenic activities in the area which include: improper 
waste disposal, close proximity of septic to groundwater 
supply and leachate from landfills and dumpsites often 
polluting groundwater supply, thereby resulting in the 
transmission of bacteria and diseases (Boutaleb et al., 
2008; Onwughara, et al., 2010).  

Collected and stored borehole water microbial 
contamination is caused not only by the collection and 
use of faecally contaminated water that was not safe, to 
begin with, but also by the contamination of water (that 
was microbiologically safe initially), during storage. 
Unhygienic and imperfectly protected (poorly covered or 
open) water collection and containers for storage, 
unhealthy means of dispensing water from storage 
containers, including faecally contaminated dippers, 
hands, tools, lack of protection against vectors (flies, 
cockroaches, rodents, etc.) and inadequate cleaning of 
storage container to prevent biofilm formation and 
accumulation of sediments and pathogens, all are factors 
contributing to this problem (Steiner et al., 2006; 
Onwughara et al., 2010; Akpoveta et al., 2011). 

Microorganisms play an important role in water quality 
and the microorganisms that are concerned with water 
borne diseases are Salmonella species, Shigella species, 
Escherichia coli and Vibrio cholera. The presence of 
faecal coliforms of Escherichia coli and those listed earlier 
are indicators of contaminated water (Adetunde and 
Glover, 2010).  

Globally, water related diseases remain a major health 
concern. 1.8 million children die every year from 
waterborne diseases (that is to say 1 every 15 s). 
Worldwide, waterborne diseases are the most implicated 
killers of children under five years old and more people 
die annually from unsafe water than from violence 
(including war). Unsafe or inadequate water, sanitation, 
and hygiene account for 3.1% of all deaths worldwide. 
Unsafe water causes 4 billion cases of diarrhea each 
year, and results in 2.2 million deaths, mostly of children 
under five;  a  child  dying  every  15 s  (UNESCO,  2017;  
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WHO, 2019; Denchak, 2018).  

The objectives of this study are therefore to determine 
the bacteriological enumeration, investigate the 
bacteriological content and compare bacteriological 
patterns of stored borehole water gotten from five 
different hostels water supplies in a tertiary institution 
within Oyo town of Oyo State, Nigeria. 
 
 

MATERIALS AND METHODS 
 
Study area 
 
The study was carried out in a tertiary institution in Oyo, Oyo State, 
Nigeria. The institution is located on the Oyo-Ogbomoso road in 
Atiba Local Government Area (LGA) of Oyo State between 
longitude 3.9351°E and latitude 7.8371°N. The campus can be 
reached within 1 h by road from Ibadan and Ogbomoso, in 1.5 h 
from Ilorin and Ile-Ife and in 2.5 h from Lagos. The institution has 
five hostels, in which two (2) are allocated to females and three (3) 
to males. The five hostels are: 
 
(a) University Female Hostel (UFH); 
(b) Diocese of Lagos West Female Hostel (DLW); 
(c) Joseph Adetiloye Hostel (JAH); 
(d) Diocese of Lagos Hostel (LAG); 
(e) Peter Jasper Akinola / Ibadan Hostel (IBD); 
 
Each of the hostels has a source of borehole from which water is 
pumped into plastic storage tanks and then to an overhead tank. 
The hostel residents make use of the stored water for different 
purposes including drinking, washing and bathing. The water 
content of the tanks is used up daily due to the population of 
residents. 
 
 
Sample collection 
 
Water samples were collected from five (5) different storage tanks, 
holding water, pumped from individual boreholes of the hostels. The 
water samples were collected weekly (on Mondays) between the 
months of March and April 2018 which is a peak period in the use 
of the hostels. A total of five (5) samples were collected from each 
storage tank on five respective sampling trips which gave rise to 
twenty five (25) water samples in all. The average sampling time 
was 8 am each sampling day. Table 1 shows the description of the 
sampling areas with their geographical location. Samples were 
collected into 20 mL sterile sample bottles, screw capped and 
labeled. Samples were collected and transported using ice bag 
immediately to the laboratory for analysis. 
 
 
Media used 
 
Media for the multiple tube fermentation and plate counts were 
prepared according to the manufacturer’s instructions. The media 
used were Nutrient Agar (Himedia), MacConkey Agar (Himedia), 
Lactose broth (Lab M), and Eosin Methylene Blue (Himedia) agar. 
All were prepared according to the manufacturer’s instruction and 
sterilized in an autoclave at 121°C for 15 min. 
 
 
Bacteriological analysis of water 
 

Using the pour plate method, total heterotrophic bacteria in the 
water samples were obtained (Dhawale and LaMaster, 2003). Serial
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Table 1. Sampling area description. 
 

Sampling location Identification code Geographical location 

University Female Hostel  UFH 7°51
1
47

11
N 3°56

1
83

11
E 

Diocese of Lagos West Hostel  DLW 7°51
1
50

11
N 3°56

1
43

11
E 

Joseph Adetiloye Hostel  JAH 7°50
1
50

11
N 3°56

1
86

11
E 

Peter Jasper Akinola / Ibadan Hostel IBD 7°50
1
49

11
N 3°56

1
48

11
E 

Diocese of Lagos Hostel LAG 7°50
1
48

11
N 3°56

1
50

11
E 

 
 
 
dilution was carried out and 1 mL aliquots of dilutions of 10-1 and 
10-3 of each representative sample were inoculated into sterile Petri 
dishes. 10 mL of molten Nutrient agar (NA) was then introduced in 
the Petri dish over the samples. These were then swirled to attain 
even distribution and incubated at 37°C for 24 h. Petri-dishes from 
dilutions containing between 30 and 300 discrete colonies were 
counted and was made in cfu/mL (colony forming unit) (APHA, 
2017). The colony forming units per millimeter (cfu/mL) was 
calculated by dividing the average number of colonies per dilution 
with the dilution factor.  

A sterile inoculating loop was ascetically used to pick a loopful of 
each water sample. This was then streaked across the already set 
solid agar surface using the quadrant method of streaking. The 
inoculating loop was flamed between streaks and eventually after 
use; the plates were incubated at 37°C for 24 h. 
 
 
Enumeration of total coliform bacteria 
 
Multiple tube fermentation test  
 
Multiple tube fermentation tests were conducted to enumerate total 
and faecal coliform (APHA, 2017). Total coliform count was 
determined with the aid of the three tube assay of the Most 
Probable Number (MPN) method. 
 
 
Presumptive test  
 
Presumptive coliform test was carried out using lactose broth. The 
first set of the three tubes had sterile 10 mL double strength lactose 
broth (DSLB) and the second and third sets had 10 mL single 
strength lactose broth (SSLB). Durham tubes were inserted in test 
tubes prior to sterilization. The three sets of the tubes received 1, 
0.1 and 0.01 mL of water samples using sterile pipettes. All tubes 
were then incubated at 37°C for 24 to 48 h for estimation of total 
coliforms and examined afterwards for acid and gas production. 
The MPN was then determined from the MPN table for the three 
sets of tube (APHA, 2017). 
 
 
Confirmed test  
 
A loopful of culture was transferred from a positive tube from 
presumptive test into a tube of Lactose broth with Durham tube to 
carry out Confirmed test. The tubes were incubated at 37°C for 24 
to 48 h for total coliform and 44.5 for faecal coliforms and observed 
for gas production. 
 
 
Completed test  

 
For the completed test a loopful of broth from a positive tube is 
streaked on Eosine Methylene Blue (EMB) agar plate for pure 
colonies.  The   plates   were   incubated   at  37°C  for  24  to  48 h. 

Colonies developing on EMB agar were further identified. Colonies 
with green metallic sheen were confirmed to be faecal coliform 
bacteria with rods shape.  

Organisms observed with different morphology (mixed growth) 
were sub-cultured on Nutrient agar and Eosin Methylene Blue agar 
and incubated at 37°C for 24 h to get pure cultures. 

After development of bacterial growth colony on the agar surface, 
cultural characteristics of the isolates on different solid agar were 
examined. Growth characteristics including colonial morphology, color 
pigmentation, form, deviation, margin, surface, and optical 
characters were recorded, following Bergey's manual of systematic 
bacteriology (Ryan and Ray, 2008). 
 
 
Biochemical tests for identification of isolates 
 
Biochemical tests carried out for identification of isolates were:  
Gram stain, Endospore test, Catalase test, oxidase, Sugar 
fermentation (TSI), Hydrogen sulphide, motility, Indole test; and 
Mannitol fermentation test. 

 
 

RESULTS 
 
The total heterotrophic counts of bacteria from stored 
borehole water samples of the various hostel ranged from 
5.0 × 10

3 (IBD) to 1.23 × 10
5 cfu/mL (DLW) while the total 

coliform count of the stored water samples ranged from 0 
(IBD) to 28 (UFH) MPN/100 mL (Table 2). Only Ibadan 
Hostel recorded 0 total coliform counts all through the 
study, next in line was Lagos Hostel which recorded low 
coliform counts on only 2 trips out of 5 UFH; however, 
had the highest number of coliform counts on four trips 
out of five as shown in Table 2. A total of 77 bacteria 
isolates were obtained in this study (Tables 3 to 7), 32 
(41.6%) were Gram negative, while 45 of them (58.4%) 
were Gram positive bacteria. The most number of 
organisms were isolated from UFH, followed by LAG, 
next was JAH, then DLW and IBD had the least number 
of isolates (Tables 3 to 7). The 77 organisms isolated 
belonged to only 13 different bacterial genera w h i c h  
were characterized and identified as: Corynebacterium 
(27%), Aeromonas (17%), Lactobacillus (13%), 
Escherichia (4%), Psuedomonas (9%), Staphylococcus 
(9%), Micrococcus (6%), Serratia (4%), Citrobacter (3%), 
Shigella (3%), Streptococcus (3%), Klebsiella  (1%), and 
Salmonella (1%) as shown in Figure 1. Table 8 shows a 
comparative representation of the different isolates from 
the hostels and reveals that UFH hostel had the most 
number  of  isolates,  while  LAG   hostel   had   the  least
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Table 2. Total heterotrophic bacterial count and coliform count from the five hostels. 
 

Hostel Sample trip Total cfu/mL Total coliform count (MPN)/100 mL 

JAH 

1 

3.6 × 10
4
 17 

UFH 5.7 × 10
4
 21 

LAG 3.2 × 10
4
 - 

DLW 8.3 × 10
4
 24 

IBD 4.1 × 10
4
 - 

    

JAH 

2 

2.3 × 10
4
 21 

UFH 1.16 × 10
5
 28 

LAG 3.1 × 10
4
 2.8 

DLW 4.3 × 10
4
 24 

IBD 2.3 × 10
4
 - 

    

JAH 

3 

2.1 × 10
4
 17 

UFH 8.6 × 10
4
 24 

LAG 3.4 × 10
4
 - 

DLW 1.23 ×10
5
 17 

IBD 4.7 × 10
4
 - 

    

JAH 

4 

1.4 × 10
4
 21 

UFH 1.6 × 10
4
 28 

LAG 2.0 × 10
4
 - 

DLW 2.5 × 10
4
 17 

IBD 5.0 × 10
3
 - 

    

JAH 

5 

4.1 × 10
4
 24 

UFH 2.8 × 10
4
 28 

LAG 5.2 × 10
4
 8 

DLW 1.96 × 10
5
 21 

IBD 1.18 × 10
5
 - 

 

UFH - University Female Hostel; DLW - Diocese of Lagos West Hostel; JAH - Joseph Adetiloye Hostel; LAG - 
Diocese of Lagos Hostel; IBD - Ibadan / Peter Jasper Akinola Hostel. 

 
 
 
number of organisms.  

Data shown in Table 8 further reveal the following 
occurrence of organisms according to site of isolation: 
Aeromonas species and Corynebacterium species were 
isolated from all five hostels studied (UFH, DLW, JAH, 
LAG and IBD). Staphylococcus species were isolated 
from UFH, JAH, LAG and IBD hostels, Pseudomonas 
species from UFH, DLW, JAH, and IBD hostels. 
Lactobacillus species found occurrence in UFH, DLW, 
and JAH hostels. E. coli and Streptococcus species were 
isolated from UFH and JAH hostels, Micrococcus species 
from UFH and DLW hostels, Serratia species from UFH 
and IBD hostels, Shigella species from LAG and IBD 
hostels. Klebsiella and Citrobacter species each found 
occurrence only in JAH hostel, while Salmonella species 
was isolated only from LAG hostel.  
 
 
DISCUSSION 
 
The total heterotrophic bacteria count from the five hostels 

indicated that none of the stored water samples fell within 
the 100 cfu/mL limit allowed by WHO (2006) for potable 
water. The high viable bacteria count of the stored water 
can be attributed to lack of water treatment and hygienic care 
(for example, washing) of the storage tanks. Most of the 
sampled waters recorded total coliform counts exceeding 
the WHO recommended standards which stipulate that 
total coliform counts should not exceed 1-3/100 mL of 
potable water and 0/100 mL of thermotolerant coliforms 
(WHO, 2006) and SON standards that recommend 0/100 
mL of coliforms in portable water. Coliforms are indicator 
organisms and their presence is indicative of other 
disease causing organisms in the sampled water (Bello et 
al., 2013). The total coliform count obtained implies 
contamination, possibly from piping leakages within the 
water system network, unsanitary conditions or 
groundwater contamination.  

Three members of the coliform bacteria group were 
isolated in this study (Escherichia, Citrobacter and 
Klebsiella). Coliforms are important markers for 
bacteriological  water   quality   as   they  are  established 
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Table 3. Biochemical characteristics and identification of isolates from university female hostel. 
 

Isolate 
code 

Gram 
staining 

Morphology Catalase Oxidase Indole Motility H2S Lactose Sucrose Glucose Gas 
Spore 

forming 
Mannitol 

Yellow 
pigment 

Organism 

UFH 1a - Rod + + - - - - - - - - - - Aeromonas spp. 

UFH 1b - Rod + + - + - + + + + - - - Serratia spp. 

UFH 1c + Rod + + - - + + + + + - - - Corynebacterium spp. 

UFH 1d + Rod - + - - + + + + - - - - Lactobacillus spp. 

UFH 1e + Rod + + - + - + + + + - - - Corynebacterium spp. 

UFH 1f - Short Rod + + - - - - - - - - - - Pseudomonas spp. 

UFH 2a + Cocci + + - + - + + + + - + + Staphylococcus spp. 

UFH 2b + Cocci + - - + - - - - - - + + Micrococcus spp. 

UFH 2c + Cocci - - + + - + + + + - + + Streptococcus spp. 

UFH 2d + Rod + + - + + + + + + - - - Corynebacterium spp. 

UFH 3a - Short Rod + + - - - + + + - - - - Aeromonas spp. 

UFH 3b + Short Rod - + - + - + + + + - - - Lactobacillus spp. 

UFH 3c - Rod + + - - - + + + - - - - Aeromonas spp. 

UFH 3d - Rod + + - - + - - - - - - - Pseudomonas spp. 

UFH 4a - Short Rod + + + - - + + + - - - - Escherichia coli 

UFH 4b + Rod - + - + - + + + + - - - Lactobacillus spp. 

UFH 4c + Rod + + - + - + + + - - - - Corynebacterium spp. 

UFH 5a + Rod + + - + - - - - - - - - Aeromonas spp. 

UFH 5b - Rod + + - - + - - - - - - - Pseudomonas spp. 

UFH 5c - Short Rod + - - + - - - - - - - - Serratia spp. 
 

UFH-University Female Hostel, 1-Sample trip 1, 2-Sample trip 2, 3-Sample trip 3, 4-Sample trip 4, 5-Sample trip 5; a, b, c, d, e, respective isolates; spp.-Species, H2S-Hydrogen Sulphide. 

 

 
 
causes for human gastroenteritis and their 
presence in potable water makes it unsafe for 
consumption. The most implicated coliform, E. coli 
indicates recent faecal contamination. E. coli, a 
normal intestinal gut flora, is found in the gut of 
humans and animals, where it is harmless (WHO, 
2017). However, in other parts of the body, E. coli 
can cause serious disease. Two particular 
pathogenic serotypes of E. coli namely E. 
coli O157:H7 and E. coli O104:H4 are known 
causes of diseases in humans (Ateba and 
Bezeuidenhout,  2008).   A   severe    outbreak  of 

illness caused by E. coli O157:H7 was recorded in 
Walkerton community, Ontario, Canada resulting 
in 7 deaths and over 2300 cases of illness (Aboh 
et al., 2015). Coliforms have been isolated from 
soil and water and their presence in the samples 
tested suggests possible breakage of the piping 
system. Moreover, the presence of coliforms in 
tested water samples implies a failure to meet up 
with WHO standards. 

Worldwide, 80 to 165 million cases of infection 
from Shigella are reported, causing 600,000 
deaths annually  largely  in  developing  countries, 

the most vulnerable group being children below 
10 years (WHO, 2017), which makes the 
presence of Shigella unacceptable among others. 
The incidence of high numbers of Pseudomonas 
in potable water often elicits foul odour, taste, and 
high turbidity levels. Salmonella also isolated in 
this study clinically manifests in gastroenteritis in 
humans and one of its serotype-typhi causes 
typhoid fever with devastating public health 
implications (WHO, 2017). These organisms are 
commonly found in the environment with some 
species being host  specific particularly in animals 
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Table 4. Biochemical characteristics and identification of isolates from Joseph Adetiloye Hostel. 
 

Isolate 
code 

Gram 
staining 

Morphology Catalase Oxidase Indole Motility H2S Lactose Sucrose Glucose Gas 
Spore 

forming 
Mannitol Yellow Organism 

JAH 1a + Rod + + - + - + + + + - - - Lactobacillus fermentii 

JAH 1b + Rod + + - - - + + - - - - - Corynebacterium spp. 

JAH 1c - Rod + + - - - - - - - - - - Pseudomonas spp. 

JAH 2a + Cocci - - - - - - - - - - + + Streptococcus spp. 

JAH 2b + Cocci + + + + - - - - - - + + Stapylococcus spp. 

JAH 2c + Rod + - - + - + + + + - - - Lactobacillus fermentii 

JAH 2d + Rod - + - - - + + + + - - - Lactobacillus fermentii 

JAH 2f + Rod - + + + + + + + + - - - Lactobacillus fermentii 

JAH 3a + Rod + + - - - + + + + - - - Klebsiella spp. 

JAH 3b + Rod + + - + - - - + - - - - Corynebacterium spp. 

JAH 3c - Rod + + + - - + + + + - - - Escherichia coli 

JAH 3c - Rod + + - - - + + - - - - - Pseudomonas spp. 

JAH 4a - Rod + + - + + + + + + - - - Aeromonas hydrophilic 

JAH 4b - Rod + + - + + + + + + - - - Citrobacter spp. 

JAH 4c + Rod + + + + + + + + + - - - Escherichia coli 

JAH 4d - Rod + + - - - + + + - - - - Aeromonas veronii 

JAH 5a - Rod + + - + + + + + + - - - Citrobacter spp. 
 

JAH-Joseph Adetiloye Hostel, 1-Sample trip 1, 2-Sample trip 2, 3-Sample trip 3, 4-Sample trip 4, 5-Sample trip 5; a,b,c,d,e, respective isolates; spp.-Species, H2S-Hydrogen Sulphide.  

 
 
 
and also humans. Their presence in tested 
samples suggest possible compromise of nearby 
sewage system, water piping leakages and 

perhaps questionable personal hygiene of the 
operators.  

Micrococcus and Aeromonas are known water 

contaminants that easily proliferate in waters 
exposed to contaminated air, dust and where 
water holding vessels are not cleaned regularly.

They are opportunistic pathogens that are known 
to induce chronic diarrhea in humans when water 
polluted by them is ingested (Igbinosa et al., 2012; 
Pavan et al., 2013). There is a possibility that the 
storage tanks were not properly covered or covers 
may have depreciated due to weathering.  

Most of the organisms isolated are important 
human pathogens associated with variety of 
infectious diseases and outbreaks including: 
gastroenteritis, typhoid fever, dysentery, cholera, 
urinary  tract   infection  among  others,  especially 

where such bacteria possess virulence factor 
genes (Orji et al., 2006; Uzoigwe and Agwa, 2012; 
Bello et al., 2013). They belong to the family of 
Enterobacteriaceae, and members of this family 
are generally spread via the faecal-oral route, and 
their presence in the samples indicates 
contamination of the water supplies. If such water 
is consumed without treatment, it poses grave 
health hazards to humans (WHO, 2006; SON, 
2015). 

This  study also reveals disparities in organisms 

isolated from the different hostels. This indicates 
differing sanitary and environmental conditions of 
the storage tanks in the various hostels. It also 
implies that the contamination source is peculiar 
to prevailing conditions of the respective sampling 
sites. 
 
 

Conclusion 
 

This study isolated pathogenic organisms from 
stored   borehole   water   supplies   in   a   tertiary
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Table 5. Biochemical characteristics and identification of isolates from Diocese of Lagos West Hostel. 
 

Isolate 
code 

Gram 
staining 

Morphology Catalase Oxidase Indole Motility H2S Lactose Sucrose Glucose Gas 
Spore 

forming 
Mannitol Yellow Organism 

DLW 1a - Short Rod + + - + - + + + + - - - Aeromonas veronii 

DLW 1b + Short Rod + - - - - + + + + - - - Corynebacterium spp. 

DLW 1c + Cocci + + - - - - - - - - + + Micrococcus spp. 

DLW 1d - Rod + + - + + - - - - - - - Pseudomonas spp. 

DLW 1e + Cocci + - - + - + + + - - + + Micrococcus spp. 

DLW 1f + Cocci + - - + - + + + + - + + Micrococcus spp. 

DLW 2a + Rod - + - + + + + + + - - - Lactobacillus fermentii 

DLW 2b - Rod + + - + + + + + + - - - Corynebacterium spp. 

DLW 2c - Rod + + + + - - - + + - - - Aermonas veronii 

DLW 2d - Short Rod + + - + + + + + + - - - Aeromonas hydrophila 

DLW 3b + Rod + - + + - - - - - - - - Corynebacterium spp. 

DLW 4a - Rod - + - + - + + + - - - - Lactobacillus delbrueckii 

DLW 4b + Rod - + - + + + + + + - - - Lactobacillus fermentii 

DLW 5a - Rod + + - + - + + + - - - - Aeromonas veronii 

DLW 5b + Cocci + + - - - + + + + - + + Micrococcus spp. 
 

DLW-Diocese of Lagos West Hostel; 1-Sample trip 1, 2-Sample trip 2, 3-Sample trip 3, 4-Sample trip 4, 5-Sample trip 5; a,b,c,d,e, respective isolates; spp.-Species, H2S-Hydrogen Sulphide. 

 
 
 
Table 6. Biochemical characteristics and identification of isolates from Peter Jasper Akinola Hostel (IBADAN). 
 

Isolate 
code 

Gram 
staining 

Morphology Catalase Oxidase Indole Motility H2S Lactose Sucrose Glucose Gas 
Spore 

forming 
Mannitol Yellow Organism 

IBD 1a + Rod + - - - - - - - - - - - Corynebacterium spp.  

IBD 1b - Rod + - - + - - - - - - - - Serratia liquefaciens  

IBD 2b + Cocci + - - - - - - - - - + + Staphylococcus spp.  

IBD 3a + Long Rod + - - + - + + + - - - - Corynebacterium spp.  

IBD 3b - Short Rod + + - + + + + + + - - - Aeromonas veronii  

IBD 4a + Cocci + + + + - + + + + - + + Staphylococcus spp.  

IBD 4c - Short Rod + + - + - + + + + - - - Pseudomonas spp. 

IBD 4d + Rod + + - + - + + + + - - - Corynebacterium spp. 

IBD 5a - Short Rod - - - - - - - - - - - - Shigella spp.  

IBD 5b + Rod + + - - - + + - - - - - Corynebacterium spp.  

IBD 5c + Rod + - - + - + + - - - - - Corynebacterium spp. 
 

IBD-Peter Jasper Akinola / Ibadan Hostel; 1-Sample trip 1, 2-Sample trip 2, 3-Sample trip 3, 4-Sample trip 4, 5-Sample trip 5; a,b,c,d,e, respective isolates; spp.-Species, H2S-Hydrogen Sulphide. 
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Table 7. Biochemical characteristics and identification of isolates from Diocese of Lagos Hostel. 
 

Isolate 
code 

Gram 
staining 

Morphology Catalase Oxidase Indole Motility H2S Lactose Sucrose Glucose Gas 
Spore 

forming 
Mannitol Yellow Organism 

LAG 1a + Rod + + - - - + + + - - - - Corynebacterium spp. 

LAG 1b + Rod + + - + - + + + - - - - Corynebacterium spp. 

LAG 1c + Rod + + - + - - - - - - - - Corynebacterium spp. 

LAG 1d + Rod + + - + - - - - - - - - Corynebacterium spp. 

LAG 2a + Cocci + + - + - - - - - - - - Staphylococcus spp. 

LAG 2b - Rod + - - - - - - + - - - - Shigella spp. 

LAG 2c - Short Rod + - + + + + + + - - - - Samonella spp. 

LAG 2d - Rod + + - - + + + + - - - - 
Aeromonas 
hydrophila 

                

LAG 3a - Rod + + - + + + + + + - - - 
Aeromonas 
hydrophila 

                

LAG 3b + Long Rod + + - + - - - - - - - - Corynebacterium spp. 

LAG 4a + Cocci + + - - - - - - - - + + Staphylococcus spp. 

LAG 5a - Rod + - - + + + + + + - - - 
Aeromonas 
hydrophila 

                

LAG 5b + Cocci + + - + - + + + + - + + Staphylococcus spp. 

LAG 5c + Rod + + - + - - - - - - - - Corynebacterium spp. 

LAG 3b + Long Rod + + - + - - - - - - - - Corynebacterium spp. 

LAG 4a + Cocci + + - - - - - - - - + + Staphylococcus spp. 

LAG 5a - Rod + - - + + + + + + - - - 
Aeromonas 
hydrophila 

                

LAG 5b + Cocci + + - + - + + + + - + + Staphylococcus spp. 

LAG 5c + Rod + + - + - - - - - - - - Corynebacterium spp. 
 

LAG-Diocese of Lagos Hostel, 1-Sample trip 1, 2-Sample trip 2, 3-Sample trip 3, 4-Sample trip 4, 5-Sample trip 5; a,b,c,d,e, respective isolates; spp.-Species, H2S-Hydrogen Sulphide. 

 
 
 
institution. These findings prove that all the stored 
water tested failed to meet up with approved SON 
and WHO standards for portable water. 
Consumption of water from these supplies without 
treatment may pose serious health risks to the 
consumers. 

Recommendations 
 
There is a need to sensitize operators of 
boreholes and end users of the stored water on 
the importance of maintaining clean and hygienic 
environmental conditions around the borehole and 

water storage tanks to prevent contamination. 
Further investigation of the waste disposal system of 
hostels where coliforms were isolated from samples is 
necessary, together with proper monitoring of 
environmental conditions of the water systems in all 
hostels.  Adequate  water disinfection and treatment of 
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Figure 1. Frequency (%) of occurrence of bacteria isolated from stored borehole water. 

 
 
 

Table 8. Comparative frequency of occurrence of organisms. 
 

Isolate UFH (%) DLW (%) JAH (%) LAG (%) IBD (%) 

Aeromonas spp. 20 23.5 11.8 21 9 

Escherichia coli. 5 AB 11.8 AB AB 

Staphylococcus spp. 5 AB 6 21 18 

Pseudomonas spp. 15 6 11.8 AB 9 

Lactobacillus spp. 15 17.6 23.5 AB AB 

Corynebacterium spp. 20 17.6 17.6 43 45 

Micrococcus spp. 5 23.5 AB AB AB 

Streptococcus spp. 5 AB 6 AB AB 

Serratia spp. 10 AB AB AB 9 

Klebsiella spp. AB AB 6 AB AB 

Citrobacter spp. AB AB 11.8 AB AB 

Shigella spp. AB AB AB 7 9 

Salmonella spp. AB AB AB 7 AB 
 

AB-Absent, UFH-University Female Hostel, DLW-Diocese of Lagos West  Hostel,  JAH- Joseph Akintiloye Hostel,  
LAG-Diocese of Lagos Hostel, IB-Peter Jasper Akinola Hostel (Ibadan). 

 
 
 

all storage water tanks is advocated to prevent any adverse 
effect to end users of the water supplies. Regular water 
system monitoring and analysis will be instrumental in 
ensuring water supplies fall within approved limits.    
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This study aimed to assess antimicrobial susceptibility of members of the family Flavobacteriaceae 
isolated from Nile tilapia (Oreochromis niloticus). Antimicrobial susceptibility of 67 Flavobacteriaceae 
isolates originating mainly from ponds and Lake Victoria against 19 antimicrobial agents was 
determined by the broth micro dilution method. Overall, most isolates were susceptible to enrofloxacin 
(97%; MIC90 2 μg/ml) followed by novobiocin (85%, MIC90, 4 μg/ml) and the aminoglycoside streptomycin 
(85%; MIC90, 128 μg/ml). Some isolates were also susceptible towards trimethoprim/sulfamethoxazole 
(77.6%), neomycin and florfenicol both at 62.7%. Susceptibility levels were low for tylosin tartrate 
(32.8%), clindamycin and sulphathiazole both at (23.9%), ceftiofur (6%), spectinomycin (6%) and 
tetracyclines/oxtetracyclines (4.5%). In contrast, β-Lactams (amoxicillin, penicillin), gentamycin and 
erythromycin exhibited very poor activity against Flavobacteriaceae isolates. The extent of antimicrobial 
susceptibility did not vary significantly among isolates from farmed and wild fish isolates (P > 0.01). The 
highest Multiple Antimicrobial Resistance (MAR) index was observed in Chryseobacterium indologenes 
(0.89) and the lowest in Chaetoderma indicum isolates (0.32). Our results indicate that most of 
Flavobacteriaceae isolates are multidrug resistance, and this may be associated with intrinsic 
resistance mechanisms to a broad range of antimicrobial agents. However, the need remains to 
carryout in-depth study to understand better the underlying genetic mechanisms given that the 
magnitude and trend for susceptibility was comparable between isolates from aquaculture and 
fisheries. The findings from this study give us insight into appropriate choice of antimicrobial agents 
for effective treatment of infections caused by these isolates. 
 

Key words: Aquaculture, Fisheries, Intrinsic resistance, minimum inhibitory concentrations, ponds, Lake 
Victoria. 

 
 

INTRODUCTION 
 

The genera Flavobacterium and Chryseobacterium 
belong to the family Flavobacteriaceae and are widely 
distributed   in   various    environments,    including   soil, 

freshwater and saltwater ecosystems (Kumru et al., 2017; 
McBride, 2014). Several species within the 
Flavobacteriaceae    are     regarded     as    opportunistic  



 
 
 
 
pathogens, yet with potential to cause diseases in a wide 
variety of organisms, including plants, fish and humans 
(Bernardet and Bowman, 2011; Bernardet and Nakagawa, 
2006; Loch and Faisal, 2015). Typically, many of these 
bacteria cause diseases in fish when water temperatures 
are relatively high. Excessive organic matter in ponds 
and high stocking density are among other contributing 
factors to diseases that consequently lead to economic 
losses (Loch et al., 2013). In addition, these bacteria 
have also been associated with nosocomial infections 
and septicaemia in humans (Loch et al., 2013; 
Ratnamani, 2013). 

Fish farming has grown worldwide as a source of high 
quality protein and employment to skilled and unskilled 
workers. In Tanzania, aquaculture is dominated by pond 
culture of Nile tilapia (Oreochromis niloticus). As 
aquaculture has developed, a range of bacterial diseases 
have been encountered (Pathmalal et al., 2018). These 
diseases are considered as critical limiting factors in this 
industry, where studies have been conducted and efforts 
has been given to therapeutic and prophylactic use of 
antimicrobial agents as control measures of bacterial 
diseases (Cabello et al., 2006). Many European countries 
are governed by legislation and regulation on the use of 
antimicrobial agents in aquaculture (Cabello et al., 2013). 
However, guidelines for the correct and prudent use of 
antimicrobial agents in aquaculture have yet to be 
developed in most of the African countries. There is no 
list of licensed antimicrobials for use in aquaculture in 
Tanzania. Previous work has shown that extensive use of 
antimicrobials in aquaculture leads to resistance across 
the entire microbial water ecosystem (Schmidt et al., 
2000, Watts et al., 2017). In the family Flavobacteriaceae, 
some antimicrobial resistance has been associated with 
the presence of plasmids or mutations in specific 
resistance determinants (Izumi et al., 2004, Madsen et 
al., 2000). However, other studies have associated 
antimicrobial resistance in Flavobacteriaceae with intrinsic 
resistance to a wide range of antimicrobial agents 
through mechanisms like restricted outer membrane 
permeability, efflux systems that pump antimicrobials out 
of the cell and production of antimicrobial-inactivating 
enzymes such as β-lactamases (Clark et al., 2009; 
Henríquez-Núñez et al., 2012; Michel et al., 2005).  

The occurrence of resistant bacteria to one or more 
antimicrobials have been reported not only in pathogenic 
fish bacteria but also among opportunistic bacteria, even 
in the absence of selective antimicrobial pressure in the 
aquaculture environment (Gufe et al., 2019; Jensen et al., 
2008). In Tanzania, the nutritional benefits of fish 
consumption have a positive link to increased food 
security, and the aquaculture sector has  the  potential  to  
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play a significant role in this aspect. However, a 
sustainable fish production has to be secured, including 
the development of control measures to reduce the 
spread of resistant bacteria in the aquaculture 
environments. As very few data are currently available, 
the aim of this study was to assess the antimicrobial 
susceptibility of Flavobacteriaceae isolates from Nile 
tilapia sampled directly from fish farms as well as natural 
lacustrine environment in Tanzania. Findings from this 
study would contribute to our understanding of 
antimicrobial susceptibility in the Flavobacteriaceae; 
provide basic knowledge needed in implementation of 
biosecurity measures in fish farming and give a 
background to treatment of farmed fish if necessary. 
 
 

MATERIALS AND METHODS 
 
Bacterial isolates from Tanzania 
 
A total of 67 Flavobacteriaceae isolates previously recovered from 
40 Nile tilapia farmed in the Morogoro region, and from batch of 21 
wild Nile tilapia collected from natural environment in Lake Victoria 
in Mwanza region. Apparently healthy fish were sampled between 
November 2015 and May 2016, isolation and identification of the 
bacteria were performed as previously described in our earlier work 
(Mwega et al., 2018). Briefly, all isolates were grown on modified 
Anacker and Ordal agar - AOA (Pilarski et al., 2008). Identification 
of isolates based on colony morphology and biochemical testing, 
and was confirmed by 16S rRNA gene sequencing (Darwish et al., 
2004). All isolates used in this study were designated with the 
organism code based on sampling location as shown in Table 3. 
 
 
Antimicrobial susceptibility tests 
 

Antimicrobial susceptibility to 19 antimicrobials commonly used in 
veterinary medicine and aquaculture in most developed countries 
was assessed for all isolates using Trek Sensititre Avian 
susceptibility plates (Trek Diagnostic Systems, Cleveland, OH) as 
shown in Table 1. These test plates were 96-well, dry-form that 
contained twofold serial dilutions of the antimicrobial agents listed in 
Table 1. Briefly, ten microliters of the bacteria suspension were 
transferred into a tube containing 11 ml of Sensititre MH broth to 
give an inoculum of 1×105 CFU/ml. The broth was poured into a 
sterile seed trough and individual wells inoculated with 50 μl using a 
multi-channel pipette. Inoculated plates were sealed and incubated 
aerobically ATCC 25922 and Aeromonas salmonicida NCIMB 1102 
were also included in parallel in all testing. 
 
 
Data management and analysis 
 

In the absence of published resistance breakpoints for 
Flavobacteriaceae, quantitative interpretation of minimum inhibition 
concentration (MIC) results was based on CLSI guidelines (CLSI, 
2014) with the minor modifications as previously recommended 
(Akinbowale et al., 2006). Minimum inhibition concentration was 
recorded as  the  lowest concentration of antimicrobial that inhibited 
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Table 1. Antimicrobial susceptibility of Flavobacteriaceae isolates (N = 67) to a spectrum of 19 antimicrobial agents.  
 

Classes 
Antimicrobial 

agents 
Range (μg/ml) MIC50 MIC90 

n (%) of  susceptible 

isolates 

β-Lactams 

Amoxicillin 0.25-16 > 16 >16 0.00 

Penicillin 0.06-8 > 8 > 8 0.00 

Ceftiofur  0.25-4 4 > 4 4 (6%) 
      

Aminoglycosides 

Gentamicin 0.5-8 > 8 > 8 0.00 

Spectinomycin 8.0 - 64 8 > 64 4 (6%) 

Streptomycin 8-1024 32 128 57 (85%) 

Neomycin 2.0 - 32 16 > 32 42 (62.6%) 
      

Sulfonamides 

SXT 0.5/9.5–2/38 < 0.5/9.5 1.0/19 52 (77.6%) 

Sulphathiazole 32-256 128 > 256 16 (23.9%) 

Sulphadimethoxine 32-256 > 256 > 256 0.00 
      

Tetracyclines 
Tetracycline 0.25-8 1 > 8 3 (4.5%) 

Oxytetracycline 0.25-8 1 > 8 3 (4.5%) 
      

Macrolides 
Tylosin tartrate 2.5 - 20 5 > 20 22 (32.8%) 

Erythromycin 0.12-4 > 4 > 4 0.00 
      

Fluoroquinolones Enrofloxacin 0.12-2 0.25 1 65 (97%) 

Phenicols Florfenicol 1.0 - 8 2 > 8 42 (62.7%) 

Coumarins Novobiocin 0.5-4 < 1 4 57 (85%) 

Lincomycins Clindamycin 0.5- 4 2 > 4 16 (23.9%) 
 

SXT – Trimethoprim/ sulfamethoxazole. 

 
 
 
visible growth. The MIC50 and MIC90 represent the MIC value at 
which ≥ 50% and ≥ 90% of the isolates were inhibited respectively. 
A multiple antimicrobial resistance (MAR) index was then 
determined for each isolate by dividing the number of antimicrobials 
to which an isolate was resistant with the total number of 
antimicrobials tested. The MAR index analysis was used to group 
the different sources from which the bacteria were recovered using 
the frequency of antimicrobial resistance. Isolates with MAR index < 
0.2 were considered as isolates recovered from low-risk sources of 
contamination while isolates with MAR index > 0.2 were considered 
recovered from high- risk sources (Samuel et al., 2011; Tambekar 
et al., 2006). 

 
 
RESULTS 
 

Antimicrobial susceptibility of Flavobacteriaceae 
isolates 
 
The in vitro activities of the 19 antimicrobial agents tested 
against the Flavobacteriaceae isolates are summarized in 
Table 1, showing both the MIC range and the MIC50 and 
MIC90 results of all isolates, as well as the number and 
percentage of susceptible isolates. Figure 1 shows the 
MIC distribution of the isolates towards streptomycin, 
enrofloxacin, novobiocin and trimethoprim/ 
sulfamethoxazole. Among 67 isolates  tested,  97%  were 

susceptible to enrofloxacin (MIC50, 0.12 μg/ml, MIC90 2 
μg/ml). Novobiocin (MIC90, 4 μg/ml) and streptomycin 
(MIC90, 128 μg/ml) inhibited 85% of the isolates at the 
susceptible breakpoints. Moderate susceptibility (60 - 
80%) was observed to trimethoprim/ sulfamethoxazole 
77.6%, neomycin and florfenicol both at 62.7% of overall 
isolates. Extent of susceptibility was low (less than 50 - 
60%) for tylosin tartrate (32.8%), clindamycin and 
sulphathiazole both at (23.9%). The susceptibility levels 
were very low (less than 10%) to ceftiofur (6%), 
spectinomycin (6%) and tetracyclines/ oxtetracyclines 
(4.5%). In contrast, 0% overall susceptibility was 
exihibited for β-Lactams (amoxicillin, penicillin), 
gentamycin and erythromycin against Flavobacteriaceae 
isolates at the given susceptible breakpoints (Table 1). 
MIC values of control strains were within the acceptable 
range (CLSI, 2014)(Figure 1). 
 
 

Antimicrobial susceptibility of Flavobacteriaceae 
isolates according to the sampling groups 
 

The in vitro activity of the antimicrobial agents was also 
evaluated based on farmed and wild fish and sampling 
regions. Generally, susceptibility levels among isolates 
did not vary  significantly  between  neither farmed versus  
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Figure 1. Distributions of Minimum Inhibitory Concentrations (MICs) values of the antimicrobial agent’s streptomycin, 
enrofloxacin, novobiocin, trimethoprim and sulfamethoxazole for susceptible Flavobacteriaceae isolates. 

 
 
 
wild fish nor sampling region. One observation was, 
however, that while none of the isolates from wild fish 
were susceptible to ceftiofur and tetracycline/ 
oxytetracycline, respectively three and four isolates from 
farmed fish were susceptible to these antimicrobials 
(Table 2). 
 
 
Multiple antimicrobial resistance (MAR) index 
 
Overall antimicrobial susceptibility pattern of each isolate 
is also summarized in Table 3. The susceptibility patterns 
varied within groups of isolates from the same site or 
sample, and also within the same species. Most of the C. 
indologenes isolates showed low susceptibility up to 17 of 
the 19 antimicrobials tested, which was the highest 
degree of multi-resistance observed in this study 
regardless of sample origin. The lowest level of 
resistance was observed in F. indicum, which was 
sensitive to 6 of 19 antimicrobials tested. Moreover, C. 
indologenes and C. joostei, which were isolated from 
almost all the sampling sites/fish, showed a broader 
range of MAR indexes. The highest MAR index was 0.89 
observed in C. indologenes and the lowest was 0.32 
observed in C. indicum isolates, indicating that none of 
the sampling sites could be characterized as low-risk 
sources of contamination. Comparison of the different 
culture system showed that all isolates recovered from 
wild and farmed Nile tilapia revealed multiple resistance 
to all antimicrobials tested.  

DISCUSSION 
 
Antimicrobial resistance has become a global health 
threat involving the environmental, animal and human 
sectors. Knowledge of antimicrobial susceptibility and 
resistance patterns in microbes from many biological 
compartments is important to understand the 
development and transmission of resistance within and 
between bacterial reservoirs as well as identifying 
treatment alternatives against specific infections. In this 
study, we report data on antimicrobial susceptibility of 
Flavobacteriaceae isolated from wild and farmed Nile 
tilapia in Tanzania. Our results show variable antimicrobial 
susceptibility patterns against 19 antimicrobial agents 
commonly used in veterinary medicine and aquaculture 
in most developed countries. 

This is in concordance with previous studies showing 
that Flavobacteriaceae isolates are able to grow in high 
concentrations of several antimicrobial agents, suggesting 
the presence of intrinsic or acquired resistance 
mechanisms, resulting in reduced susceptibility to multiple 
antimicrobial agents (Akinbowale et al., 2006, Clark et al., 
2009, Henríquez-Núñez et al., 2012, Hesami et al., 2010). 

All isolates were resistant to the β-lactams amoxicillin 
and penicillin, to the aminoglycoside gentamycin, the 
macrolide erythromycin and to sulfadimethoxine. 
Resistance to β-lactams was expected as the commonly 
chromosomally encoded Amber Class B and other β-
lactamase enzymes have been previously broadly 
recognized  in  Flavobacteriaceae (Bellais   et  al., 2002b,  
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Table 2. In vitro activities of selected antimicrobials against Flavobacteriaceae isolates according to the culture system. 
 

 Classes 
Antimicrobial 

agent 

Farmed fish isolates 

(N=44) 

Wild fish isolates 
(N=23) 

  
Susceptible isolates Susceptible isolates 

    n (%) n (%) 

β-Lactams 

Amoxicillin 0 (0) 0 (0) 

Penicillin 0 (0) 0 (0) 

Ceftiofur  4 (9.1) 0 (0) 

    

Aminoglycosides 

Gentamicin 0 (0) 0 (0) 

Spectinomycin 3 (6.8) 1 (4.3) 

Streptomycin 37 (84.1) 20 (87) 

Neomycin 29 (65.9) 13 (56.5) 

    

Sulfonamides 

SXT 33 (75) 19 (82.3) 

Sulphathiazole 13 (29.5) 3 (13) 

Sulphadimethoxine 0 (0) 0 (0) 

    

Tetracyclines 
Tetracycline 3 (6.8) 0 (0) 

Oxytetracycline 3 (6.8) 0 (0) 

    

Macrolides 
Tylosin tartrate 19 (43.2) 3 (13) 

Erythromycin 0 (0) 0 (0) 

Fluoroquinolones Enrofloxacin 43 (97.7) 22 (95.7) 

Phenicols Florfenicol 32 (73) 13 (56.5) 

Coumarins Novobiocin 38 (86.4) 19 (82.6) 

Lincomycins Clindamycin 13 (29.5) 3 (13) 

 
 
 
Bellais et al., 2002a; Gonzalez and Vila, 2012). 
Resistance to erythromycin is also consistent with 
previous studies, in which MICs of > 32 μg/ml have been 
reported amongst Flavobacteriaceae (Clark et al., 2009, 
Darwish et al, 2008, Declercq et al., 2013). In contrast to 
the present investigation, a previous study reported 100 
% susceptibility (MIC90 >8μg/ml) to gentamycin in 
Flavobacterium columnare isolates collected worldwide 
from 17 fish species (Declercq et al., 2013). 

Most (97%) Flavobacteriaceae isolates were 
susceptible to fluoroquinolone enrofloxacin. The variable 
levels of susceptibility found for streptomycin, novobiocin 
and sulfamethoxazole/ trimethoprim tested in this study, 
suggest that they may be useful for treatment of 
infections caused by some strains. However, sensitivity 
testing should be performed against the actual disease 
strain before any of these antimicrobials are considered 
for use. Variation in antimicrobial susceptibility amongst 
Flavobacteriaceae and other fish bacteria have been 
reported elsewhere (Akinbowale et al., 2006, Schmidt et 
al., 2000). In general, Flavobacteriaceae are recognized 
as intrinsically resistant to several antimicrobial agents, 
and only a few specific transferable resistance 
determinants known from other bacterial genera have 
been identified. Several  genes  coding  for  efflux  pumps 

have been associated with intrinsic resistance in 
Flavobacteriaceae isolates. For example, previous study 
investigated genome sequence of Flavobacterium 
johnsoniae and revealed presence of chloramphenicol 
inducible multidrug efflux pump system of RND family 
(Clark et al., 2009, Henríquez-Núñez, 2012, Michel et al., 
2005). In addition, the low susceptibility of 
Flavobacteriaceae to florfenicol has been associated with 
expression of multidrug efflux pumps (Michel et al., 
2005). Moreover, it has been demonstrated that efflux 
pumps are important for other processes such as 
detoxification of intracellular metabolites, bacterial 
virulence, cell homeostasis and intercellular signal 
trafficking (Martinez et al., 2009; Pasqua et al., 2019). 

Most isolates in the present study were inhibited by low 
concentrations of florfenicol, but since 37% were able to 
grow in higher florfenicol concentrations, the presence of 
acquired resistance mechanisms cannot be ruled out. 
The banning of use of phenicol, due to its adverse effect 
in humans, has probably aided in reducing the risk of 
acquired resistance in aquaculture environments 
(Akinbowale et al., 2006; Tsai et al., 2019). However, 
other studies have insisted that monitoring resistance of 
florfenicol is of great importance as it is the main 
antimicrobial  agent used to treat infections caused by  
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Table 3. MAR index of the Flavobacteriaceae isolates (N = 67). 
  

Isolates Species 
Culture  

system 

Year of 

isolation 

Number of antibiotics (N = 19)  to 
which isolate was resistant 

MAR 
index 

MZ9L C. joostei    Wild Nov 2015 11 0.57 

MZ81GL C. joostei    Wild Nov 2015 12 0.63 

MZ84GL C. joostei    Wild Nov 2015 11 0.57 

MZ18L C. joostei    Wild Nov 2015 10 0.53 

MZ32L C. joostei    Wild Nov 2015 13 0.68 

MZ26GL C. joostei    Wild Nov 2015 15 0.78 

MZ3L C. joostei  Wild Nov 2015 14 0.74 

MZ20KDS C. indologenes  Wild Nov 2015 12 0.63 

MZ60L C. indologenes Wild Nov 2015 15 0.79 

MZ4GL C. indologenes Wild Nov 2015 12 0.63 

MZ12GL C. indologenes  Wild Nov 2015 15 0.79 

MZ13GL C. indologenes Wild Nov 2015 15 0.79 

MZ52GL C. indologenes Wild Nov 2015 15 0.79 

MZ50GL C. indologenes Wild Nov 2015 11 0.58 

MZ83GL C. indologenes Wild Nov 2015 10 0.53 

MZ60KDS C. indologenes Wild Nov 2015 13 0.68 

MZ31GL C. indologenes Wild Nov 2015 13 0.68 

MZ119L C. indologenes Wild Nov 2015 14 0.74 

MZ32GL C. indologenes Wild Nov 2015 13 0.68 

MK8GL C. indologenes Wild Nov 2015 14 0.74 

MZ14GL C. species Wild Nov 2015 12 0.63 

MZ2GL C. species Wild Nov 2015 14 0.74 

MZ10L C. species Wild Nov 2015 14 0.74 

MGL22L F. aquatile Farmed Apr 2016 10 0.53 

TNM16GL F. aquatile Farmed May 2016 10 0.53 

DKM2GL F. aquatile Farmed Febr 2016 12 0.63 

DKM13GL C. species Farmed Febr 2016 11 0.58 

TNM37KDS F. oryzae Farmed May 2016 11 0.57 

MGL48GL F. oryzae Farmed Apr 2016 10 0.53 

DKM17KDS F. indicum        Farmed Febr 2016 6 0.32 

MGL37KDS F. indicum        Farmed Apr 2016 9 0.47 

TNM8GL F. indicum        Farmed May 2016 11 0.57 

MK27KDS C. joostei  Farmed Febr 2016 8 0.42 

MK49GL C. joostei    Farmed Febr 2016 9 0.47 

MGL50L C. joostei    Farmed Apr 2016 8 0.42 

DKM11L C. joostei    Farmed Febr 2016 9 0.47 

MK45GL C. joostei    Farmed Febr 2016 11 0.58 

DKM8GL C. joostei    Farmed Febr 2016 12 0.63 

DKM3GL C. joostei    Farmed Febr 2016 9 0.47 

MGL28GL C. joostei    Farmed Apr 2016 13 0.68 

MGL53L C. joostei    Farmed Apr 2016 12 0.63 

MK40GL C. indologenes Farmed Febr 2016 13 0.68 

TNM34KDS C. indologenes  Farmed May 2016 17 0.89 

MGL24GL C. indologenes Farmed Apr 2016 17 0.89 

MGL31GL C. indologenes Farmed Apr 2016 15 0.79 

DKM5L C. indologenes Farmed Febr 2016 12 0.63 

MGL54GL C. indologenes Farmed Apr 2016 11 0.58 

TNM13KDS C. indologenes Farmed May 2016 15 0.79 

MK45L C. indologenes Farmed Febr 2016 12 0.63 

MK5GL C. indologenes Farmed Febr 2016 13 0.68 
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Table 3. Contd. 
 

DKM12L C. indologenes Farmed Febr 2016 12 0.63 

DKM8L C. indologenes Farmed Febr 2016 10 0.52 

DKM11GL C. indologenes Farmed Febr 2016 16 0.84 

MGL22L C. indologenes Farmed Apr 2016 16 0.84 

TNM21GL C. species Farmed May 2016 15 0.79 

TNM34L C. species Farmed May 2016 12 0.63 

MGL8GL C. species Farmed Apr 2016 11 0.58 

TNM14GL C. species Farmed May 2016 12 0.63 

MGL57GL C. species Farmed Apr 2016 12 0.63 

MGL26L C. species Farmed Apr 2016 12 0.63 

TNM17L C. species Farmed May 2016 12 0.63 

TNM34L C. species Farmed May 2016 13 0.68 

TNM19GL C. species Farmed May 2016 13 0.68 

TNM40GL C. species Farmed May 2016 13 0.68 

TNM33L C. species Farmed May 2016 13 0.68 

TNM10GL C. species Farmed May 2016 12 0.63 

DKM13L C. species Farmed Febr 2016 10 0.53 
 

Note: isolate code MGL: Mgeta Langali, TNM: Tangeni, DKM: Dakawa, MK: Mkindo, MZ: Mwanza, GL: Gills, KDS: Kidney, L: Liver, C: 
Chryseobacterium and F: Flavobacterium.  

 
 
 

Flavobacteriaceae (Verner-Jeffreys et al., 2015). 
Unfortunately, no information regarding the use of 
florfenicol or other phenicol compounds was available in 
the sampling areas. 

Tetracycline and/or oxytetracycline have been 
frequently used in fish farming, particularly to control 
systemic bacterial infections of fish in most developed 
countries (Miranda et al., 2018; Jerbi et al., 2011), and it 
has been found that the continued and widespread use of 
tetracycline has led to the development of resistant 
bacteria in all aspects of fish farming (Higuera-Llantén et 
al., 2018; Mirand and Zemelman, 2002). This study 
revealed low susceptibility to tetracycline and/or 
oxytetracycline, with MIC ranges of 0.25 - 8 μg/ml. Other 
workers recorded considerable frequencies of tetracycline 
resistance amongst Flavobacteriaceae isolated from 
aquaculture environments and associated it with 
imprudent use of antimicrobials and acquired resistance 
(Schmidt et al., 2000). However, due to lack of information 
relating to the treatment history of the sampled fish, it is 
difficult to associate the low susceptibility observed with 
acquired resistance or imprudent use of antimicrobials. 

All Flavobacteriaceae were found with MAR index 
values greater than 0.2 in this study. Previous studies 
have shown that bacteria originating from an environment 
where several antimicrobials are used usually display 
MAR indexes greater than 0.2 (Tambekar et al., 2006). 
Thus, the fact that all MAR indexes recorded were above 
0.2 indicate that they are from the high risk source where 
antibiotics are frequently used, possibly from surrounding 
study areas. Furthermore, low susceptibility results in this 
study concur with the findings of previous studies (Clark 
et   al.,   2009),   who    found    multidrug    resistance   in 

Flavobacteria and Chryseobacterium species isolated 
from fish. Nile tilapia is the most cultured and widely 
consumed fish species in Tanzania. Lake Victoria is the 
major capture fish source in the country and also is a 
source for tilapia fingerlings to most fish farmers in 
Tanzania. The assessment of Antimicrobial resistance 
(AMR) is of great importance as dissemination of AMR 
bacteria to fish could lead to serious public health risks. 
Interviews conducted in our earlier study did not reveal a 
history of antimicrobial use in farmed fish during the 
present study (Mwega et al., 2018). Our results suggest 
that isolates from wild fish were slightly more resistant 
against the antimicrobials than the isolates from farmed 
fish. Although the difference is not significant among 
groups, this observation could be explained by the fact 
that the wild Nile tilapia was captured at the shorelines of 
Lake Victoria which makes the two environments more 
alike. Systematic data on use of antimicrobials to the 
ponds are not available in Tanzania, so we do not know 
how much and how frequent antimicrobials are used. 
Therefore, it is not possible to draw any conclusions on 
the association between antimicrobials use and the levels 
of resistance observed in the present study. 
 
 
Conclusion 
 
In this study, we have found that Flavobacteriaceae 
isolates are resistant to several antimicrobials tested. The 
ability of Flavobacteriaceae to resist multiple drugs is 
indeed was expected, as it is known that most of these 
isolates are intrinsically resistant to several classes of 
antimicrobials  and/ or  can  acquire  resistant genes from  



 
 
 
 
other environmental microbes. However, whether the 
antimicrobial resistance traits are acquired through gene 
transfer or intrinsic is not clearly elucidated at the 
moment. This can be determined by analyzing whole 
genomes of those isolates in the future. The findings from 
this study give us insight into appropriate choice of 
antimicrobial agents for effective treatment of infections 
caused by these isolates. 
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