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This study investigates the effect of nucleotide-binding oligomerization domains (NODs) signal pathway 
in invasive pulmonary aspergillosis. Mice were randomly divided into three groups: 1) normal mice 
(control group), 2) normal mice infected with Aspergillus fumigates, 3) normal mice treated with 
immunosuppressant and inoculated with A. fumigatus (IPA Model). Mice were sacrificed at different time 
points after inhaling A. fumigatus spores by nose. Their lungs were extracted under sterile condition, 
and were used to count the fungal colonies; and also the pathological sections of lungs were observed 
by HE staining. RT-PCR was used to detect the expression of the NOD1, NOD2 and RIP2 mRNA of mice 
lung. Western blot was used to detect the expression of TNF-α. 72 h after inhaling A. fumigatus spores, 
a large number of hyphae and severe inflammation were found in the lung of IPA model mice group; and 
the lung burden of IPA mice were more than that of normal+A. fumigatus group at each time points. 
When compared with normal+A. fumigatus group, the expressions of NOD1 and RIP2 mRNA were 
persistently descending in IPA model mice group; the expression of NOD2 mRNA was abnormally raised 
in early stage of infection (24 h), then decreased in the later stage. However, in normal+A. fumigatus 
group, proinflammatory cytokine TNF-α exhibited high expression at the early stages of infection, and 
the highest expression levels appeared at 48 or 72 h, then decreased and returned to normal level. In the 
group of the IPA mouse, proinflammatory cytokines TNF-α were released at slow and low level. 
Persistently low expression of NOD1 and RIP2, was seen in early excessive activation. 
 
Key words: Invasive pulmonary aspergillosis (IPA), nucleotide-binding oligomerization domains (NODs), RIP2, 
pathogenesis. 

 
 
INTRODUCTION 
 
Invasive pulmonary aspergillosis (IPA) is an increasingly 
common opportunistic fungal infection usually occurring 

in patients with neutropenia and/or corticosteroid 
exposure. The lungs are involved in about 85% of cases 
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of invasive aspergillosis. Aspergillus fumigatus is a 
common saprophytic fungus in the air. It has a small 
diameter and can be passively inhaled into the respire-
tory tract. A. fumigatus conidia in hosts with impaired 
immunitycan cause a severe infectious disease called 
IPA. It is also responsible for some autoimmune 
diseases, including rheumatoid arthritis, ankylosing 
spondylitis, inflammatory bowel disease, psoriasis and 
psoriatic arthritis (Arnold et al., 2009; Tsiodras et al., 
2008; Nedel et al., 2009). The mortality rate of IPA has 
ranged from 60 to 94% (Tomee, 2001; Singh and 
Paterson, 2005). Hitherto, the pathogenesis of IPA is not 
clear. 

Toll-like receptors (TLRs) and nucleotide-binding 
oligomerization domain (NOD)-like receptors (NLRs) are 
two major pattern-recognition receptors (PRRs) involved 
in the early host defense against pathogen invasion 
(Akira et al., 2006; Li, 2010). Activation of NOD1 by 
A. fumigatus conidia ligand recognition elicited inflam-
matory cytokines such as TNF-α and IL-10 and 
stimulated NOD1-induced immune responses (Li, 2010). 
NOD2 can sense the components of peptidoglycan 
derived from bacteria, such as muramyldipeptide (MDP), 
in the host cytosol. Stimulation of NOD2 by ligand 
recognition stimulates the NF-kB pathway(Chattoraj et 
al., 2013; Hasegawa et al., 2008; Nabatov et al., 2013). 
All these studies showed that NODs play important roles 
in anti-infectious disease IPA. But there are few studies 
on the field. 

Therefore, we established IPA model of wild type 
mouse and dynamic investigation of the expression levels 
of NOD1 and NOD2 mRNA by RT-PCR method, the 
levels of inflammatory cytokines TNF-αin pulmonary 
tissues by western blot, with evaluation of the A. 
fumigates dosage, and the lung pathology; we elucidated 
the functions of NODs signaling pathway in invasive 
pulmonary aspergillosis. This study provides an insight 
into the pathogenesis of IPA. 
 
 

MATERIALS AND METHODS 
 

Experimental animals and grouping 
 

BALB/cSPF mice (Certificate of Conformity: SCXK 2003-0002, 
male, 6 to 8 weeks old, 20~25 g) were provided by Shanghai SINO-
BRITISH SIPPR / BKLAB animal center. Mice were divided into 3 
groups randomly, 10 rats in each group: (1)Normal Group (normal 
mice); (2) Normal mice with infection (N+A. fumigates); (3) IPA 
Model Group (normal mice treated with immunosuppressant and 
inoculated with A. fumigates). 
 
 

Strain and culture medium 
 

A. fumigates (clinical isolates, Separate No. 3910): was purchased 
from the Fungal Culture Collection of Chinese Medicine Centre 
(Nanjing). Cells were cultured in Czapek's medium at 26°C. Spores 
were collected at the concentration of 10

7
/mL and stored at 4°C. 

 
 

Main reagents 
 

Cyclophosphamide   (CY,NO.:06060521)   was   purchased    from 
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Jiangsu Hengrui Medicine Co., Ltd.; Trizol reagent was from 
invitrogen company; TaKaRa RNA PCR Kit 3.0(AMV) was 
purchased from Dalian TaKaRa Biotechnology Co., Ltd.; antibodies 
(Rabbit anti-NF-κB p65, Rabbit anti-IL-1β, Goat anti-rabbit HRP 
secondary antibodies) were purchased from Santa Cruz 
Biotechnology (Beijing, China).; PCR primers were designed in our 
lab and from Shanghai Biological Engineering company; ultrapure 
water (UPW,NO.:07020201) was from U.S. MIUIOORE Inc. 
 
 
IPA model of mice 

 
According to the literature, the method was as follows: BALB/c mice 

were injected intraperitoneally with 100 mg·kg
-1

·d
-1

 of CY within 2 
days. Thereafter, mice were administered intranasally with 50 μL 
(concentration: 10

7
/mL) spore suspension of A. fumigates. In order 

to maintain the effect of immunosuppression, mice were given 
additional CY (100 mg·kg

-1
·d

-1
) when inoculated with A. fumigates 

at 96h (Luo et al., 2008; Tang et al., 1993). 
 
 
Collection and processing of specimen 

 
Mice with nose inhalation of A. fumigates conidia were sacrificed at 
different time points of 24, 48, 72, 120 and 144 h (2 mice at each 
time point), then lung tissue was isolated in sterile manner, and 
conserved in -80°C refrigerator. 
 
 
A. fumigates colony counting of lung tissue 
 

100 mg of lung tissue were took and made into 10% homogenate, 
then 0.1 ml of it was inoculated on Czapek's medium after diluting 
100 times, and counting colony after 5 days. 
 
 
Lung tissue pathology 

 
Histological injury and spore germination was observed after all the 

mice produced paraffin sections of lung tissue and conventional HE 
staining. 
 
 
Detection of the target genes expression of lung tissue by RT-
PCR 
 
Primers and PCR reaction conditions are listed in Table 1.  
 
 
Detection of the target proteins expression of lung tissue by 
Western blot 

 
First, nuclear protein and total protein were extracted from 100 mg 
lung tissue; Second, SDS-PAGE electrophoresis was carried out 
and transferred to semi-dry membrane; once again, it was 
incubated with the corresponding primary antibody (1:250) and 
secondary antibodies (1:8000) at 37°C for 1 h; finally, the film was 
exposed to X-ray after colouring with ECL (a kind of lighting 
substrate used in west blot detection, Pierce Biotechnology PO 
Box). 
 
 
Statistical methods 
 
The values of optical density scanning of target band were read 

which was measured in the agarose gel and X-ray film by image 
analysis software Bandscan. Afterwards, the expression of its 
corresponding target gene and protein were respectively 
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Table 1. Primer sequences and PCR reactive conditions. 
 

Aim gene Primers (5′>3′)        
Annealing temperature 

(°C) 
Length 

(bp) 

β-Actin 
reverse 

anti-reverse 

ACGGCCAGGTCATCACTATT 
TAACAGTCCGCCTAGAAGCA 

59.3 409 

     

NOD1 
reverse 

anti-reverse 

CAACAGGGAACATCTGGTCA 
GAAGGGGAGAAGCCAATTTC 

67.7 261 

     

NOD2 
reverse 

anti-reverse 

CCGTGTCCTGTTAACCTTTG 
AGGATCAGCAGGTACATGTC 

59.3 438 

     

RIP2 
reverse 

anti-reverse 

GCCATTGTGAGCCAGATGA 
ATTTGAAGGCGGTGCTTTG 

59.3 264 

 
 
 

 
 
Figure 1. Results of HE staining of the lungs. A−E: N+A. fumigates group: 24, 48, 72, 120, 

144 h; F−J: IPA group: 24, 48, 72, 120, 144 h. 

 
 
 
standardized by scanning values in each group of β-tublin and β-
actin bands. Here, each experiment was repeated three times, and 

results were indicated as sx  . P<0.05 was used as a standard 

of significant difference by applying Statistical software SPSS 10.0 
to conduct t-test analysis. 
 
 
RESULTS 
 
Morphological analysis of lung pathology 
 
There were few lung abscess, hemorrhage and mycelium 
in lung tissue in the first 48 h after inoculation with A. 
fumigates; 72 h later, when compared with normal mice, 
the alveolus space in normal mice with infection en-

larged, accompanied with inflammatory responses inclu-
ding inflammatory cell infiltration and hemorrhage injury. 
As a comparison, IPA group had a lung abscess and 
severe hemorrhage. In addition, airway epithelial 
desquamation and mycelium formation were also 
observed in the IPA group (Figure 1). 
 
 

Assessment of A. fumigates load in pulmonary tissue 
 

The CFU assay indicated, when compared with normal 
mice with infection, pulmonary tissue from the IPA group 
had heavy A. fumigates load (P<0.05) (Figure 2). In 
contrast, normal mice without A. fumigates inoculation 
showed negative signal in this assay.  
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Figure 2. The trend of A. fumigatus load in lung tissue of normal mice with infection group and IPA group. N+Af: 

N+A. fumigates group; IPA: IPA group; #P<0.05, vs at 24 h. 

 
 
 

 
 
Figure 3. The dynamic expression of NOD1 mRNA in different group and the product’s electropherogram  of NOD1 gene at different 

time point. N: Normal group; N+Af: N+A.fumigates group; IPA: IPA group. A: Normal group; B: N +A.fumigates group; C: IPA group. 1: 
Marker; 2: 24 h; 3: 48 h; 4: 72 h; 5: 120 h; 6: 144 h. ▲P<0.05, vs at 24 h in N+A. fumigates group; *P<0.05, vs at 24 h in IPA group.  

 
 
 
Investigating the expression levels of NOD1 mRNA in 
mice pulmonary tissue 
 
The mRNA levels of NOD1 were tested with RT-PCRby 
time course (Figure 3). Twenty-four hours after 
inoculation with A. fumigates, the expression of NOD1 
protein of normal group (N+Af) had a sharp elevation, got 
to peak at 48 h and then decreased to normal levels after 
72 h. IPA mice of NOD1 protein gradually increased after 
24 h. It peaked at 72 h, followed by a decline in a level 
lower than normal mice with infection (P<0.05) (Figure 3). 

Investigating the expression levels of NOD2 mRNA in 
mice pulmonary tissue 
 
The mRNA levels of NOD2 were tested with RT-PCRby 
time course (Figure 4). Twenty-four hours after 
inoculation with A. fumigates, the expression of NOD2 
protein of normal group (N+Af) had a sharp elevation, got 
to peak at 48 h and had a little decline, and then kept to 
high levels after 72 h. IPA mice of NOD2 protein gradually 
increased after 24 h. It peaked at 48 h, followed by a 
slowly decline, and finally at 120 h, got back to normal 



3674          Afr. J. Microbiol. Res. 
 
 
 

 
 
Figure 4. The dynamic expression of NOD2 mRNA in different group and the product’s electropherogram of NOD2 gene at different 

time point. N: Normal group; N+Af: N+A. fumigates group; IPA: IPA group. A: Normal group; B: N +A.fumigates group; C: IPA 
group.1: 24 h; 2: 48 h; 3: 72 h; 4: 120 h; 5: 144 h.▲P<0.05, vs at 24 h in N+ A. fumigates group; *P<0.05, vs at 24 h in IPA group.  

 
 
 

 
 
Figure 5. The dynamic expression of RIP2mRNA in different group and the product’s electropherogram of RIP2gene at different time 

point. N: Normal group; N+Af : N+A.fumigates group ; IPA: IPA group. A: Normal group; B: N +A. fumigates group; C: IPA group.1: 
Marker; 2: 24 h; 3: 48 h; 4: 72 h; 5: 120 h; 6: 144 h. ▲P<0.05, vs at 24 h in N+ A. fumigates group; *P<0.05, vs at 24 h in IPA group.  

 
 
 

level (P<0.05) (Figure 4).  
 
 

Investigating the expression levels of RIP2 mRNA in 
mice pulmonary tissue 
 
The mRNA levels of RIP2 were tested with RT-PCRby 
time course (Figure 5). Twenty-four hours after 
inoculation with A. fumigates, the expression of RIP2 
protein of normal grou p(N+Af) had a sharp elevation, got 
to peak at 48 h. Then had a quick decline, and then got 
back to normal levels at 72 h; it had another peak at 120 
h; and then decline to normal level. IPA mice of RIP2 
protein gradually decreased after 24 h; and got to lowest 
point at 120 h, followed by a sharp increase, and finally 
got back to normal level (P<0.05) (Figure 5). 
 

 

Analyzing the expression of TNF-α protein 
 

Time course experiments were conducted to evaluate the 

expression of TNF-α protein in mouse pulmonary tissues 
from different treatment groups. As shown in Figure 6, 
TNF-α protein levels were measured by western blot.  

Twenty-four hours after inoculation with A. fumigates, 
the expression of TNF-αprotein of normal group (N+Af) 
gradually increased, and then got to the peak at 72h; 
then gradually decline to normal level at 144 h. As a 
comparison, IPA mice had a lower TNF-α expression with 
mild alternation (Figure 6). 
 
 
Analyzing the expression levels of NOD1, NOD2, RIP2 
mRNA and the expression of TNF-α at the same time 
point for each group 
 
The mRNA levels of NOD1, NOD2 andRIP2 were 
compared at the same time point for each group. The 
expression of NOD1 protein of normal group (N+Af) are 
higher than normal group at each time course (P<0.05). 
The expression of NOD2 protein of normal group (N+Af)  
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Figure 6. The dynamic expression of TNF-α protein in different group and the western blotting gram of TNF-α 

protein at different time point. N: Normal group; N+Af : N+A.fumigates group; IPA: IPA group. A: Normal group; 
B: N +A.fumigates group; C: IPA group.1: 24 h; 2: 48 h; 3: 72 h; 4: 120 h; 5: 144 h. ▲P<0.05, vs at 24 h in N+ A. 
fumigates group; * P<0.05, vs at 24 h in IPA group.  

 
 
 

 
 
Figure 7. The expression of NODs and RIP2 mRNA and TNF-α protein at the same time in different groups. N: Normal group; 

N+Af: N+A. fumigates group; IPA: IPA group. #P<0.05, vs N group; *P<0.05, vs N+ A. fumigates group. 

 
 
 
are more than normal groups at 48, 72 and 144 h( 
P<0.05). RIP2 is higher than normal group at 48 and 72 h 
after incubation with A. fumigates (P<0.05). When 
compared with normal group, the expression of NOD1 
protein of IPA group is lower at 48, 120 and 144 h 
(P<0.05); NOD2 are less at all the time point; RIP2 are 
lower at 24, 48 and 120 h (P<0.05) (Figure 7).  

The expression of TNF-α protein in mouse pulmonary 
tissues was also compared at the same time point for 
each group. When compared with normal group, TNF-α 
protein of normal group (N+Af) is higher at all the time 
point except at 144 h (P<0.05); TNF-α protein of IPA 
group is lower at 48, 72 and 120 h (P<0.05) (Figure 7D). 
 
 
DISCUSSION 
 
Since conidia of A. fumigates widely exist in the environ-
ment, people usually inhale hundreds of them per day. 
The inspiratory conidia seldom induce disease in hosts 

with intact immune system. High risk factors for clinical 
IPA usually are due to severe neutropenia, long-term 
antibiotic treatment, steroid therapy, hematopoietic 
malignancies, organ transplantation, AIDS, autoimmune 
diseases, etc. Animal experiments showed: after high 
dose inoculation with A. fumigates in normal mice, the 
pathogens would be eliminated within several hours, and 
the elimination curve was in accordance with first order 
kinetics; whereas immuno-deficient mice easily suffered 
from aspergillosis and IPA induced by systemic infection 
(Schneemann and Schaffner, 1999; Grazziutti et al., 
1997; Duong et al., 1998). Thus, healthiness of immune 
system plays pivotal roles in resistance to A. fumigates 
infection. 

Effective innate immunity is the first line of defense. 
Phagocytosis of the alveolar macrophages kills 
inhalational conidia and prevents the formation of 
hyphae, which can colonize in the host and are 
associated with lethal infection. Once the conidia escape 
from phagocytosis and develop into hyphae, neutrophils  

 

 

 

TNF α Proteins 
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will take over the defense line. At the same time, 
macrophages and lung dendritic cells phagocytize 
conidia and hyphae, present antigens and initiate T cell 
immune response. Innate immunity not only confers the 
first line of defense in resistance to A. fumigates infection, 
but also provides specific signals for initiation of adaptive 
immunity (de Repentigny et al., 1993; Schaffner et al., 
1982). However, the mechanism of innate immunity 
against the infection of A. fumigates is still largely 
unknown. 

To activate host defense and eliminate invasive 
pathogens, innate immune response is initiated by 
pattern recognition,a conserved and pathogen-specific 
molecular recognition pattern mediated by a series of 
PRRs that widely express in macrophages and various 
cell types (Medzhitov and Janeway, 1997a, b). The NODs 
family, which was newly discovered, is one of the most 
important PRRs (Philpott and Girardin, 2004). Most 
evidence proved that NOD1 and NOD2 play important 
role in anti-infectious in innate immune response 
(Boughan et al., 2006; Kobayashi et al., 2005; 
Chamaillard et al., 2004; Barton et al., 2007). Innate 
immunity not only confers the first line of defense in 
resistance to A. fumigates infection, but also provides 
specific signals for initiation of adaptive immunity 
(Mambula et al., 2002; Kaisho and Akira, 2001). 
However, the mechanism of innate immunity against the 
infection of A. fumigates is still largely unknown. 

Here, in order to systematically mimic patient IPA, the 
dynamic alternations of NODs, PIR2 and TNF-αcytokines 
in both normal and immunodeficient mice were evaluated 
during infection of A. fumigates. Cyclophosphamide was 
used to induce immunosuppression of mice used as 
model animals. And, the pathological alternation of 
pulmonary tissues and culture of A. fumigates in normal 
mice with those in immunosuppressive mice after nose 
inhalation of A. fumigates conidia were compared. 

Lung pathology analysis showed that normal mice 
infected with A. fumigates displayed obvious 
inflammatory responses in the early stage (24 to 48 h) of 
infection; hyperemia and hemorrhage gradually declined 
at 72 h, and nearly disappeared at 144 h. IPA group had 
mild inflammatory responses in the early stage of 
infection. The severe hyperemia and hemorrhage 
occurred after 72 h. At the same time, lung abscess and 
enlargement of alveolus space, together with airway 
epithelial desquamation and mycelium formation, were 
observed. After 144 h, mesothelial hyperplasia became 
remarkable in the lung tissues of IPA mice. 

Data from analysis of A. fumigates load in pulmonary 
tissues showed that normal infected mouse lung 
displayed a positive signal in CFU assay between 24 and 
48 h, but the signal reduced dramatically after 48 h; 
whereas positive signal was detected at 24 h in IPA 
group, and the strong signal could be detected even at 
144 h. The number of colonies in IPA group was higher 
than those in normal mice  with infection at all-time points  

 
 
 
 
(P<0.05). 

The above results showed immunosuppressed mice 
with nose inhalation of A. fumigates presented 
pathological alternations similar to clinical IPA cases, 
indicating the successful establishment of mouse IPA 
model. Analysis of pulmonary histology combined with 
CFU assay reminded us that immunosuppressive mice 
were not able to effectively initiate immune responses, 
which caused late inflammatory reactions in the early 
stage for elimination of conidia and suppression of 
hyphae growth. On the contrary, overreacted 
inflammatory responses in the late stage of infection led 
to severe damage of lung tissues. 

NODs signaling is the important network for the 
regulation of inflammatory and immune response, and 
also the major pathway for resistance to infection. In this 
study, we discovered the different dynamic expression 
pattern of NOD1 and NOD2 mRNA between IPA group 
and normal mice with infection. NODs and RIP2 mRNA in 
the three groups was slowly increased in the early stage 
of A. fumigates infection. These results indicated that the 
receptors of NODs and RIP2 were activated after A. 
fumigates inoculation. The expression of NOD2 mRNA in 
IPA group was higher than normal group in early stage, 
and then got back to normal level; this indicated that 
NOD2 may play very import role in A. fumigates infection.  

Cytokines, an important kind of secretive immune 
molecules, play roles in diverse biological functions 
including regulation of cell physiology, mediation of 
inflammatory responses, involvement of immune 
reactions, and repair of tissues, etc. The different 
functions of various cytokines are closely related with the 
situation and progression of infectiousdiseases (Peck and 
Mellins, 2010).  

We found the expression levels of cytokines (TNF-α) in 
mouse lung were closely correlated with pulmonary 
pathological impairment. Normal mice with A. fumigates 
inoculation displayed high levels of proinflammatory 
cytokines (TNF-α) in the early stage of infection. Their 
expression levels peaked at 72 h, and thereafter declined 
to normal level. At the same time, lung pathology results 
showed obvious hyperemia and hemorrhage 
appeareance before 72 h, and thereafter inflammatory 
responses were gradually alleviated, which indicated that 
secretion of proinflammatory cytokines (killing inhalational  
conidia and preventing the formation of hyphae) was the 
major inflammatory responses in the early stage of A. 
fumigates infection,  

Inflammation is one of the necessary parts of effective 
immune responses in resistance to IPA. Appropriate 
inflammatory responses can availably eliminate local A. 
fumigates, whereas improper or overreacted 
inflammatory responses will cause IPA and associated 
lung injury (Romani and Puccetti, 2007). Effective 
inflammatory responses depend on the mutual 
cooperation or restriction between diverse immunocytes, 
which ultimately  help  the  host eliminate  exotic antigens 



 
 
 
 
as well as protect its own tissues by the regulation of the 
secretions and functions of diverse cytokines. 
Recognition of pathogens by PRRs is the key to innate 
and adaptive immunities. Multiple regulations ensure 
complicate but appropriate activation of signaling 
pathways. Abnormal activation of upstream and 
midstream molecules in signaling pathways will affect 
their downstream networks, and finally cause 
inflammatory diseases (Medvedev et al., 2006). 

The results indicates that the NODs signaling pathway 
in the immunosuppressed mice with A. fumigates 
inoculation causes the loss of balance between 
proinflammatory and anti-inflammatory cytokines and 
eventually leads to the incidence and development of 
invasive aspergillosis. 
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The present work evaluated the species distribution associated with the antimicrobial susceptibility 
pattern by phenotypic analysis and mec and bla gene detection in 100 Staphylococcus strains from 219 
clinical samples from cats and dogs in the state of Rio de Janeiro, Brazil. Oxacillin susceptibility 
profiles were detected by the Clinical and Laboratory Standards Institute (CLSI) recommended tests. 
The amplification of the mecA gene was positive in 25% of the Staphylococcus spp. The whole mec 
complex (mecA-mecI-mecR1) was detected in four phenotypically oxacillin-resistant isolates. The CLSI 
recommended nitrocefin-based test detected 38% (38/100) β-lactamase producers Staphylococcus 
strains. Also, 32% (32/100) Staphylococcus spp. strains tested positive for bla genes. The whole bla 
gene complex, blaZ-blaI-blaR1, was detected in 7.8% (3/38) of the nitrocefinase-positive isolates. β-
Lactamases was well spread among the samples and it seems to be a prevalent mechanism in resistant 
staphylococci strains from pet animals. The mec and bla gene regulatory systems can interfere in 
expression of resistance mediated by PBPs and β-lactamases, conferring the heterogeneous oxacillin-
resistance in Staphylococcus spp. detected by phenotypic tests. 
 
Key words: Staphylococcus spp., oxacillin, β-lactamase, mecA, pet animals. 

 
 
INTRODUCTION 
 
In veterinary medicine, Staphylococcus spp. are 
important agents of infectious diseases of several animal 
species. Besides Staphylococcus aureus, other 
coagulase-positive staphylococci (CoPS) have been 
reported to be important pathogens. The reclassification 
of Staphylococcus intermedius, a coagulase-positive 
species firstly described in 1976, was proposed by 

Devriese et al. (2005), creating the S. intermedius group 
(SIG) including S. intermedius, the new species S. 
pseudintermedius and S. delphini. This proposal was 
based in the high genotypic diversity observed in the 
formerly considered S. intermedius strains (Bannoehr 
and Guardabassi, 2012). 

Like S. aureus, the S. intermedius strains isolated from 
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animals have been reported to produce an array of 
virulence factors, including leukotoxin, enterotoxin, and 
hemolysins, together with elements essential for biofilm 
formation (Hanselmann et al., 2008). Nowadays, several 
CoPS species, such as S. aureus, S. pseudintermedius, 
S. schleiferi subsp. coagulans, and also coagulase-
negative Staphylococcus spp. (CoNS), are implicated in 
the etiology of animal diseases, such as

 
suppurative 

disease, mastitis, arthritis and urinary tract
 
infection, due 

to their virulence factors (Futagawa-Saito et al., 2006; 
Silva et al., 2003). Staphylococcus species are usually 
resistant to ß-lactams, aminoglycosides and macrolides. 
The emergence and dissemination of antimicrobial 
resistance among staphylococci is an important problem 
in human and veterinary medicine worldwide because 
therapeutic options are becoming limited. Dogs and cats 
are an important source of the spread of this resistance 
due to the extensive use of antimicrobials and the contact 
with their owners (Frank and Loeffler, 2012; McCarthy et 
al., 2012; Morgan, 2008). 

Oxacillin resistance is of particular relevance because it 
is conferred by different mechanisms and acts as a 
resistance marker for overall beta-lactamic resistance. 
The most-studied mechanism is related to the presence 
of the mecA gene, located on a staphylococcal chromo-
somal cassette (SCCmec) (Ito et al., 2001). Jansen et al. 
(2009) sequenced and typed SCCmec of animal origin 
(Jansen et al., 2009). This resistance is conferred by the 
production of an altered penicillin binding protein (PBP2a) 
with low affinity for all β-lactamic antimicrobials. The 
mecA gene expression and therefore PBP2a production 
is regulated by the mecR1-mecI gene system. The mecI 
gene codifies a repressive protein and mecR1 a signal 
transmembrane protein inducible by β-lactamic 
antimicrobials (Petinaki et al, 2001). Whether these 
genes are expressed or not, they can confer hetero-
geneous phenotypes, possibly leading to misidentification 
by laboratory practitioners. Usually the SCCmec contains 
additional genetic material, such as Tn554, pUB110 and 
pT181, which encode resistance to multiple classes of 
antimicrobials frequently applied in hospitals 
(Hanselmann et al., 2008; Katayama et al., 2001).  

Also, oxacillin-resistant Staphylococcus may constitute 
or inductively produce ß-lactamases enzymes that cleave 
the ß-lactam ring and inactivate the antibiotic (Li et al., 
2007). ß-lactamase enzymes interfere in oxacillin 
resistance by the action of the blaZ gene complex, which 
includes a regulatory system composed of blaZ, blaR1 
and blaI genes (Rosato et al., 2003). These genes are 
located on Tn552, a transposon completely sequenced 
and inserted in SCCmec (Rowland and Dyke, 1990). 
More than 90% of staphylococcal isolates that produce ß-
lactamase codified by the blaZ gene contain a blaZ 
regulatory system (blaI and blaR1) similar in sequence 
and function to mecA regulators (mecA-mecR1-mecI, 
promoter-operator-repressor system) (Mckinney et al., 
2001). 
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The Clinical and Laboratory Standards Institute (CLSI) 
has standardized phenotypic testing for detection of 
oxacillin resistance considering the use of the 
cefoxitin/oxacillin disk diffusion test according to 
Staphylococcus species. In its latest version (CLSI, 
2013), mecA gene detection is not considered a gold 
standard anymore, since the multiplicity of oxacillin-
resistance factors requires careful investigation including 
detection of different resistance genetic markers for 
correct interpretation of heterogeneous phenotypes 
expressed by Staphylococcus spp. strains. The present 
study evaluated staphylococci species distribution in 100 
strains from cats and dogs obtained from veterinary 
clinics in the state of Rio de Janeiro, Brazil. Also, their 
antimicrobial resistance pattern was established based 
on phenotypic characteristics and mecA and bla gene 
detection. 
 
 
MATERIALS AND METHODS 
 
Sampling 
 
Clinical specimens from 185 dogs and 34 cats were harvested from 
distinct infectious sites, during routine care in a small animal 
veterinary clinic of Federal Rural University of Rio de Janeiro 
(HVPA-UFRRJ) and veterinary care units from different regions of 
Rio de Janeiro state, Brazil, between 2006 and 2010. The samples 
were obtained from canine external otitis, skin lesions, urinary and 
respiratory tract infections, pyometra, periodontitis and conjunct-
tivitis. Bacterial identification and antimicrobial susceptibility assays 
were performed at the Veterinary Bacteriology Laboratory of 
Federal Rural University of Rio de Janeiro (LABAC-VET/UFRRJ). 
Results were sent back to the attending veterinarians to help in 
diagnosis and therapeutic procedures.  
 
 

Staphylococcus spp. identification 
 
Samples were inoculated primarily in blood agar (blood agar base 

enriched with 5% sheep blood) and incubated at 35C for 24 h. 
Then the isolates were submitted to the routine microbiological 
diagnostics, including inoculation in selective medium for analysis 
of cultural properties, catalase and coagulase production, 
hemolysis pattern, maltose and D-mannitol fermentation, acetoin 
production and nitrate reduction (Winn et al., 2006). After phenol-
typic identification, isolates were submitted to polymerase chain 
reaction for 16S rRNA to confirm the presence of Staphylococcus 
spp. (Zhang et al., 2004). Furthermore, PCR amplification of 
endonuclease genes (nuc1 and nuc2) was performed to identify S. 
hyicus. Strains of S. pseudintermedius and S. aureus were 
characterized by the amplification of nuc3 and nuc4 genes and 23S 
rDNA, respectively (Sazaki et al., 2010; Silva et al., 2003). The 
following standard strains were used as controls: ATCC 29213 S. 
aureus, ATCC 29663 S. intermedius, S. hyicus 5368 and S. 
schleiferi 3975. 
 
 
Disk diffusion test 
 

Assays were performed using the method and interpretation criteria 
according to CLSI standards (CLSI, 2011), after overnight 

incubation at 35C followed by measurement of inhibition zone 
diameters. Staphylococcus spp. antimicrobial susceptibility was
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Table 1. Distribution of Staphylococcus species per sites of infection. 
 

 Staphylococcus species 
Sites of infection* (number of isolates) 

CO SK UTI RTI PY OMI CMI GI OM Total  Isolates 

Total species          100 

S. intermedius 13 11 5 - 1 1 2 - 2 35 

S. aureus spp. aureus 11 6 1 - 2 1 3 - - 24 

S. hyicus 11 1 1 - - - - - - 13 

S. aureus spp. anaerobius - - - - 1 - - - - 1 

S. schleiferi spp. coagulans 2 4 - - - - - - - 6 

CPS** 1 4 3 - 1 - - - - 9 

S. xylosus 4 2 - -  1 - - - 7 

S. hominis - 2 - - 1 - - - - 3 

S. epidermidis - - - 2 - - - - - 2 
 

*CO, Canine otitis; SI, skin infection; UTI, urinary tract infection; RTI, respiratory tract infection; PY, 
pyometra; OMI, oral mucosal infection; CMI, conjunctive mucosal infection; GI, gastrointestinal 
infection; OM, osteomyelitis. **CPS, coagulase-positive Staphylococcus spp. not genetic defined. 

 
 
 
evaluated according to the antimicrobial class clinical recom-
mendation for each infectious site, including β-lactamic, macrolide, 
lincosamide, streptogramin, quinolone, tetracycline and 
aminoglicosyde. S. aureus ATCC25923 and Escherichia coli 
ATCC25922 were used as quality controls. 
 
 
Oxacillin susceptibility tests 
 
Resistance to oxacillin was determined according to phenotypic 
tests recommended by the CLSI (2013). The disk diffusion test was 
applied using oxacillin (1 μg) and cefoxitin (30 μg) disks (Sensifar-

Cefar

), in an agar screen plate containing 6 μg /ml of oxacillin with 

Müller Hinton agar supplemented with NaCl (4% w/v; 0.68 mol/L). 
S.aureus ATCC29213 was used as quality control. 
 
 
β-lactamase production 
 
The nitrocefin disk test was applied to detect Staphylococcus spp. 
strains that produce chromogenic β-lactamase, in accordance with 
the CLSI standard (CLSI, 2013). S.aureus ATCC29213 was used 
as quality control. 
 
 
DNA extraction and PCR analysis 
 
A 1.5-ml overnight culture of a single Staphylococcus colony was 
centrifuged for 30 s at 14,000 rpm, washed twice in 1 mL TE buffer 
(10 mM Tris HCl, pH 8.0; 1 mM EDTA; 100 mM NaCl). The 
resulting pellet was resuspended in 400 µL of TE buffer including 5 
µL of lysostaphin (stock concentration 1 µg/mL; Sigma-Aldrich) and 
incubated for 30 min at 37°C. Lysis was completed by 10 min of 
water incubation at 100°C. PCR assays of mec and bla gene 
complexes were performed using the primers and respective 
program previously described (Petinaki et al., 2001). The reaction 
was performed in a final volume of 20 µL of mixture containing PCR 
buffer (10 mM TrisHCl, pH 9.0; 50 mM KCl, and 0.1% Triton X-100), 
3.5 mM MgCl2, 250 µM of each of the deoxynucleoside 
triphosphates, 3.0 µM of each gene-specific primer, 2.5 U of Taq 
DNA polymerase (Promega, Madison, WI) and 5 µL of template. 
Amplicons were detected by 1.5% agarose gel, stained with 
ethidium bromide solution (0.5 mg/mL) and examined under a UV 

transilluminator (UvTrans).  S.aureus ATCC43300 was used as 
quality control. 
 
 
RESULTS AND DISCUSSION 
 

A total of 100 Staphylococcus spp. isolates were 
phenotypically characterized, as the following species:  S. 
aureus spp. aureus (n=24), S. pseudintermedius (n=44), 
S. aureus spp. anaerobius, (n=1), Staphylococcus 
schleiferi spp. coagulans (n=6) and coagulase-negative 
Staphylococcus spp. (CoNS) (n=12), represented by S. 
xylosus, S. epidermidis and S. hominis. PCR amplifi-
cation of endonuclease genes (nuc1 and nuc2) identified 
13% (13/100) S. hyicus. Also 35% S. pseudintermedius 
(35/100) and 24% S. aureus (24/100) were genetically 
characterized by PCR amplification of nuc3 and nuc4 
genes and 23S rDNA, respectively. Table 1 presents 
Staphylococcus species distribution considering the 
different sites of infection. 

These results suggest widespread distribution of 
staphylococci species in pet animals’ infectious sites and 
corroborate the importance of correct microbiological 
identification. In veterinary medicine, other CoPS have 
frequently been misidentified as S. aureus strains, due to 
their common phenotypic traits.  

Unfortunately, there has been no reliable phenotypic 
method to distinguish among CoPS species in veterinary 
clinical laboratories. In the present study, we used PCR 
of the thermonuclease (nuc) genes to improve the 
identification of staphylococcal species, as recommended 
by Sasaki et al. (2010). 

Empirical treatment based on Staphylococcus aureus 
as the traditional staphylococci pathogen leads to 
therapeutic failures and antimicrobial resistance 
development. As a matter of fact, the latest report from 
CLSI  (2013)  established  different  criteria  for  oxacillin- 



 
 
 
 
resistance evaluation for S. aureus and S. 
pseudintermedius due to their importance in clinical 
therapy. 

In the present study, the disk diffusion test was 
performed to form a resistance panel for the most used 
antimicrobial class in staphylococci infections. We 
detected a low level of resistance to the associations 
between ampicillin and sulbactam (2%) and amoxicillin 
and clavulanic acid (5%). This was also true for the 
antibiotics with restricted use due to high cost, such as 
imipenen (2%) and linezolide (7%) (Table 2). Tenover et 
al. (2007) comparing the most commonly used suscep-
tibility testing methods challenged with linezolid-non 
susceptible staphylococci, concluded that generally the 
problem was much greater in the non-detection of resis-
tance rather than a possible overcalling of resistance. For 
this study, the criterium adopted to report linezolide 
resistance followed CLSI standards that consider any 
discernible growth within the zone of inhibition as 
indicative of resistance to linezolide. The highest level of 
resistance was recorded for β-lactamic antimicrobials, 
such as penicillin (78%), ampicillin (66%) and ceftriaxone 
(64%). For the other compounds tested, the resistance 
was intermediate.  

Despite the well-known reduction in β-lactamic efficacy, 
this class of antimicrobials remains widely used, mainly 
because of the low treatment cost. Most β-lactamic 
bacterial resistance mechanisms, such as β-lactamases 
production and transmembrane permeability reduction 
can interfere in the activity of other antimicrobial classes 
when staphylococci species are involved in the infection’s 
etiology, justifying the importance of adopting a 
susceptibility test before prescribing the drug treatment 
regimen. Table 2 presents an antimicrobial resistance 
panel for the antimicrobial classes used to treat 
staphylococcus infections.  

All Staphylococcus spp. isolates were submitted to 
oxacillin and cefoxitin disk diffusion tests. Resistances of 
37% (37/100) and 53% (53/10) were detected, 
respectively. The oxacillin agar screen test detected 57% 
(57/100) resistance. The evaluation of phenotypic tests 
linked to mecA gene complex detection yielded 15 
different oxacillin-susceptibility profiles (Table 3), confir-
ming Staphylococcus spp. as a heterogeneous 
resistance phenotype. Because of this disparity and the 
difficulty to establish reliable parameters, the CLSI 
standard procedures are under constant revision. For the 
prediction of phenotypic oxacillin resistance, some impor-
tant new recommendations were recently published 
(CLSI, 2013). The cefoxitin disk test should be performed 
for S. aureus and CoNS and diffusion zones larger than 
21 and 24 mm, respectively, should be reported as 
oxacillin-resistant. Oxacillin disk diffusion is considered 
the best way to detect mecA mediated resistance in S. 
pseudintermedius and should be performed instead of 
cefoxitin diffusion, which is not considered predictive for 
mecA   mediated  resistance  in   this   species  anymore 
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(CLSI, 2013). 

The detection of the mecA gene used to be considered 
a gold standard for the prediction of oxacillin resistance in 
Staphylococcus spp. Recently, the CLSI (2013) changed 
this criterion, considering the different mechanisms 
underlying this resistance. In this study, from all isolates 
tested by PCR assay, just 25% (25/100) were positive for 
this gene. Among Staphylococcus species, a total of 36% 
(8/22) were Staphylococcus aureus mecA +. Other 
mecA+ isolates corresponded to 23% (8/35) S. 
intermedius and 23% (3/13) S. hyicus. Coagulase-
negative Staphylococcus spp. presented a total of 50% 
(6/12) mecA-positive isolates, and the species were: S. 
xylosus (3/6), S. epidermidis (2/6) and S. hominis (1/6). 
Results of the mec regulatory system assays are 
presented in Table 2. It was possible to detect the whole 
mec genic complex, mecA-mecI-mecR1, in 16% (4/25) of 
mecA+ staphylococcus spp. In this study, the strains 
presenting the whole regulatory complex were phenol-
typically oxacillin-resistant in all performed assays. In 
contrast, 16% (4/25) of Staphylococcus isolates that 
tested positive to mecA-mecI genes presented an 
oxacillin-susceptible pattern. This might be related to the 
strong repressive activity exerted by mecI in the mecA 
gene. Seven isolates (28%) tested positive to mecA-
mecR1 genes and were also phenotypically oxacillin-
resistant, probably due to mecRI repression in the mecI 
gene. Mckinney et al. (2001) remarked that the mecR1 
gene is correlated to a membrane signal transduction 
system which recognizes the extracellular presence of a 
β-lactamic antimicrobial and induces the transcription of 
the mecA gene. Ten (10/25) Staphylococcus spp. 
isolates tested positive only for the mecA gene and were 
phenotypically oxacillin resistant, as expected by the 
expression of constitutive PBP2A (Li et al., 2007). These 
divergent results in the detection of the mec complex can 
be related to gene mutation or deletion, as described by 
Katayma and Hiramatsu (2001). It is possible that rare 
but significant differences in primer annealing sites 
causes impairment of whole mec gene complex detection 
as observed by Melo et al. (2014)  in bovine isolates.  

The mecA gene is also associated with the multidrug 
resistance phenotype. In this study, we considered as 
multidrug resistant the strains that presented resistance 
to at least three different antimicrobial classes, such as 
beta-lactamics, quinolones, cephalosporins, macrolides, 
lincosamide and aminoglicosyde. This profile was 
detected in 68% (17/25) of mecA + isolates. Among these 
multiresistant isolates, 41% (7/17) were S. aureus, 35% 
(6/17) S. intermedius and 24% (4/17) CNS (Table 3). The 
spread of multiresistant Staphylococcus spp. strains 
among animals has been investigated worldwide in 
recent decades and has been blamed on selective 
pressure exerted by indiscriminate antimicrobial use in 
veterinary medicine. This resistance provides a selective 
advantage for Staphylococcus spp. infection and 
colonization, limiting the efficacy of the antimicrobials
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Table 2. Resistance panel to antimicrobial classes used in staphylococcus 
infections. 
 

Antimicrobial class % (n) Resistant isolates 

β-lactamics 

Ampicillin (10 g) 66% (66/100) 

Penicillin (10 UI) 78%(78/100) 

Oxacillin (1 g) 37%(37/100) 

  

β-lactamics + β-lactamase inhibitor 

Ampicillin + Sulbactam (10/10 g) 2%(2/100) 

Amoxicillin + Clavulanic (20/10 g) 5%(5/100) 

  

Cephalosporins 

Cefoxitin (30 g) 53%(53/100) 

Cefalotin (30 g) 28%(28/100) 

Ceftriaxone (30 g) 64%(64/100) 

  

Carbapenem 

Imipenem (10 g) 2%(2/100) 

  

Macrolides 

Azithromycin (15 g) 53%(53/100) 

Erythromycin (15 g) 48%(48/100) 

  

Lincosamide 

Clyndamicin (2 g) 57%(57/100) 

  

Quinolones 

Ciprofloxacin (5 g)  18%(18/100) 

Enrofloxacin (10 g) 15%(15/100) 

Norfloxacin (10 g) 12%(12/100) 

  

Aminoglicosyde 

Tobramicin (10 g) 45%(45/100) 

Gentamycin (10 g) 22%(22/100) 

  

Folate Pathway Inhibitor 

Sulfamethoxazole+trimetoprim (1,25 g/23,75 g) 37%(37/100) 

Oxazolidinone 

Linezolide (30 g) 7%(7/100) 

  

Tetracyclines 

Tetracycline (30 g) 30%(30/100) 

  

Streptogramin  

Quinupristin/dalfopristin (10 g/10 g) 57%(57/100) 

 
 
 
available for therapeutic procedures (Souza et al., 2012). 
Table 4 displays the antimicrobial resistance profile of 25 
the mecA-positive Staphylococcus strains.  

Interpretative antimicrobial susceptibility tests can 
provide clues to the mechanism underlying resistance. 
Beta-lactamic     resistance     due     to   beta-lactamases  
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Table 3. Oxacillin resistance and mec genes detection profiles among 100 Staphylococcus 
isolates. 
 

Profile (n isolates)  ODD AS CFO mecA mecI  mecR1 

Staphylococcus mec
 -
 isolates  

1(18) 

 

S S S - - - 

2(14) S S R - - - 

3(14) R R S - - - 

4(20) S R S - - - 

5(6) R S R - - - 

Staphylococcus mec + isolates  

6(5) 
SCN (n=3), S.int. (n=1), 
S.hy.(n=1) 

R R R + - - 

7(5) S.int. (n=4), S.hy.(n=1) S R R + - - 

8(5) 
S.int. (n=3), S.hy.(n=1), 
SCN (n=1) 

S R R + - + 

9(4) S. au.(n=4) S S S + + - 

10(2) S. au.(n=1),SCN (n=1) R R R + - + 

11(2) S.int. (n=2) S S S - + - 

12(1) SCN (n=1) S S S - - + 

13(1) S. au.(n=1) S R S + + + 

14(1) S. au.(n=1) S R R + + + 

15(2) S. au.(n=1), SCN (n=1) R R R + + + 
 

ODD, Oxacillin disk diffusion; AS, Agar screen; CFO, Cefoxitin disk diffusion; SCN, Coagulase-
negative Staphylococcus spp.; S. au., Staphylococcus aureus; S.int., Staphylococcus 
intermedius; S.hy., Staphylococcus hyicus. 

 
 
 

Table 4. Antimicrobial resistance profile of 25 mecA-positive Staphylococcus spp.  
 

Profile (n) mecA OXA CFO PENG ASB AMP CIP  ENO ERI AZI CLI GEN LNZ 

1(6) + R R R S R S R R R R S S 

2(4) + R R R S R R R R R R S S 

3(2) + S S R S S S S R S S S S 

4(2) + S R R R R S S R R R S S 

5(1) + R R R S R S S R S S S S 

6(1) + R R R S R S S S R R S S 

7(1) + R R R S R R S S R R S S 

8(1) + S S R S R S S R R R R S 

9(1) + R R R S R S S S S S S S 

10(1) + S R R S R S S S S S S S 

11(1) + R R S S S S S R R R S S 

12(1) + S S R S R S S S S S S S 

13(1) + S R R S R R S S S S S S 

14(1) + S R R S R S R S S S S S 

15(1) + S R R S S S S S S S S S 
 

OXA, oxacillin; CFO, cefoxitin; PENG, penicillin G; ASB, ampicillin+sulbactam; AMP, ampicillin; CIP, 
ciprofloxacin; ENO, enrofloxacin; ERI, eritrhomycin; AZI, azithromicyn; CLI, clyndamicin;; GEN, 
gentamycin; LNZ, linezolide; n= nunber of isolates. 

 
 
 
production is easily noticed when the resistant strain 
presents a susceptible pattern to oxacillin and to the 
association of antimicrobial plus beta-lactamase inhibi-

tors, such as clavulanic acid or sulbactam. The CLSI 
(2011) recommends the nitrocefin-based test, which 
detected that 38% (38/100) of Staphylococcus spp. were  
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Table 5. Pheno and genotypic profile of 32 Staphylococcus spp. 
positive to bla genes. 
 

Profile (n isolates) 
Nitrocefin 
test 

 blaZ blaI blaRI mecA 

1(7) +  + - - - 

3(2) +  + - - + 

4(7) -  + + - + 

8(7) -  + + - - 

11(5) +  + + - - 

12(3) +  + + + - 

13(1) -  - + - - 

 
 
 
β-lactamase producers. As expected, these isolates were 
resistant to β-lactamic antibiotics, such as penicillin, 
ampicillin and amoxicillin, whereas they were sensitive to 
the β-lactamic plus β-lactamase inhibitor associations, 
such as ampicillin+sulbactam and 
amoxicillin+clavulanate. Also, 32% (32/100) 
Staphylococcus spp. tested positive for bla genes (Table 
5). β-lactamases is widespread among animals and it 
seems to be a prevalent mechanism in resistant 
staphylococci strains (Mckinney et al., 2001).  

Among nitrocefinase producing isolates, nine (9/38) 
Staphylococcus spp. were positive only for the blaZ 
operator gene. Seven (7/9) were blaZ-positive-mecA-
negative Staphylococcus spp. and phenotypically 
oxacillin resistant, suggesting that β-lactamase 
production was responsible for the observed phenotype. 
Two isolates tested blaZ-mecA-+, being able to express 
both β-lactamase and PBP2a. The whole bla gene 
complex, blaZ-blaI-blaR1, was detected in 7.8% (3/38) of 
the nitrocefinase-positive isolates. These isolates were 
oxacillin resistant but mecA negative, pointing to the 
involvement of β-lactamase in this resistance. The 
extracellular presence of β-lactamic antimicrobial triggers 
a transduction signal system constituted by BlaR1 
transmembrane protein, which signals removal of the blaI 
repressive component that is located between blaRI and 
blaZ genes, starting blaZ transcription and consequently 
β-lactamase production, meaning a resistant phenotype 
(Mckinney et al., 2001). The blaZ-blaI genes were 
detected in 36.8% (14/38) of Staphylococcus spp. 
isolates. From these 14 isolates, 28.5% (4/14) tested 
negative for mecA and nitrocefinase, and presented an 
oxacillin-susceptible profile, confirming the inhibitory 
activity of the blaI gene in β-lactamase production. In 
contrast, 42.8% (6/14) tested positive for mecA and were 
also oxacillin susceptible. Mckinney et al. (2001) reported 
homology of the mecA gene to the upstream sequence of 
the blaZ gene. So, distinct mechanisms of oxacillin 
resistance can also be controlled by the blaI-blaR1 
regulatory system and the blaI gene regulates the BlaI 
membrane system as well as β-lactamase and PBP2a 
synthesis  inhibition. Nine  Staphylococcus  spp. isolates  

 
 
 
 
that were blaZ-blaI-positive tested negative for mecA and 
presented resistance to oxacillin. This suggests the 
existence of other resistance mechanisms, such as 
different classes of PBPs (PBP3 and PBP4). Because of 
this heterogeneity, the most recent CLSI revision (CLSI, 
2013) established new parameters and recommended 
oxacillin and cefoxitin disk diffusion plus oxacillin agar 
screen tests to evaluate mecA-mediated resistance. Also, 
tests should be performed to detect beta-lactamase 
production. It is no longer possible to consider mecA as a 
gold standard test in beta-lactamic resistance detection. 
   
 
Conclusion 
 
The widespread distribution of staphylococcus species in 
pet animal infection sites indicates the importance of 
correct microbiological identification. Staphylococcus 
strains have potential ability to develop different mecha-
nisms of oxacillin resistance, resulting in a heteroge-
neous phenotype profile. The oxacillin resistance 
detected in this study is associated with the existence of 
different regulatory systems, such as mec and bla genic 
complexes, which can either be present or absent in the 
Staphylococcus spp. chromosome and can act in 
amplified (synergetic) or divergent (non-cumulative) 
ways. These resistance mechanisms were detected 
among Staphylococcus spp. strains isolated from pet 
animal infection sites, contributing to reduction of 
antimicrobial therapeutic efficacy and spread of 
resistance. Nevertheless, it seems that the action of β-
lactamases is a prevalent mechanism in the development 
of resistant staphylococcus strains.  
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Urinary tract infections (UTIs) are one of the most common infections in humans and the commonest 
cause is uropathogenic Escherichia coli (UPEC). UPEC possess various virulence factors which enable 
them to survive and grow in urine and other extra-intestinal environments. Similarly, avian pathogenic 
E. coli (APEC) are known for their ability to cause extra-intestinal diseases in birds. Since APEC and 
UPEC may encounter similar challenges when establishing infection in these locations, they may share 
a similar content of virulence genes and capacity to cause disease. In this study, 40 UPEC isolates were 
obtained from patients with suspected UTIs. Multiplex polymerase chain reaction (PCR) was then used 
to screen the 40 UPEC isolates for 12 virulence genes usually associated with APEC isolates. The iutA 
(35%), fimH (32.5%), vat (17.5%), sitA (17.5%), sitD (15%), hlyF (12.5%), pstB (10%) and frz (7.5%) genes 
were detected. None of the isolates had the kpsM, ompT, uvrY and sopB genes. Antibiotic resistance 
patterns were also determined for all 40 isolates. A high resistance to ampicillin (90%) and tetracycline 
(75%) accompanied by a high sensitivity to gentamycin (82.5%) and nitrofurantoin (62.5%) was 
observed. Eleven multi-drug resistance patterns were observed in 65% (26/40) of the isolates. The 
studied UPEC isolates were shown to possess APEC associated virulence genes at low percentage 
frequencies suggesting a slight overlap in virulence genotypes. Antibiotic resistance patterns suggest 
surveillance programs to monitor drug resistance should be put in place. 
 
Key words: Uropathogenic Escherichia coli, virulence genes, multiplex polymerase chain reaction (PCR), 
antibiotic resistance, Zimbabwe. 

 
 
INTRODUCTION 
 
Pathogenic strains of Escherichia coli are responsible for 
urinary tract infections (UTIs) in humans. Despite the 
great wealth of knowledge on E. coli, it is still the commonest 
urinary tract pathogen causing 60–90% of infections 
(Cheesbrough, 2006; Barati et al., 2011; Perera et al., 2012). 

     In order to colonize and establish a UTI, uropathogenic 
E. coli strains take advantage of an assortment of virulence 
properties (Slavchev et al., 2009). By definition, virulence 
genes/factors (VFs) refer to the properties (gene products) 
that enable a microorganism to establish itself 
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on or within a host of a particular species and enhance 
it’s potential to cause disease (Johnson, 1991). VFs include 
bacterial toxins, cell surface proteins that mediate bacterial 
attachment, cell surface carbohydrates and proteins that 
protect a bacterium and hydrolytic enzymes that may 

contribute to the pathogenicity of the bacterium (Momtaz 
et al., 2013). 

Recently, work on E. coli has sought to investigate the 
relationship between extra-intestinal pathogenic E. coli 
(ExPEC) strains (Ewers et al., 2007; Moulin- Schouleur et 
al., 2007; Johnson et al., 2008). These include mainly avian 
pathogenic E. coli (APEC) which causes colibacillosis in 
poultry, UPEC and neonatal meningitis E. coli (NMEC). 
Comparisons of these isolates have generally revealed 
that some overlaps exist in serogroups, virulence geno-
types and abilities to cause disease in certain animal 
models (Rodriguez- Siek et al., 2005; Ewers et al., 2007; 
Moulin-Schouleur et al., 2007). 

Work on virulence genes in the western world and most 
of Asia is on the rise, but in Africa very little information 
seems to be available (van der Westhuizen and Bragg, 
2012; Randall et al., 2012). This study was undertaken to 
screen for avian-related virulence genes in UPEC. Use of 
the avian-related virulence genes was meant to allow us 
to compare virulence genes found in E. coli responsible 
for human UTIs to APEC in diseased chicken. 

The 12 virulence genes that were used for molecular 
characterization of uropathogenic E. coli in the present 
study included the frz operon (Rouquet et al., 2009); 
vacuolating autotransporter toxin, vat (Parreira and 
Gyles, 2003); type 1 fimbrial adhesion gene, fimH (Mellata 
et al., 2003); capsule formation transporter gene, kpsM 
(Pavelka et al., 1991); the gene ompT (Cavard and 

Lazdunski, 1990); the sitA and sitD genes which are part 
of the sitABCD system (Runyen-Janecky et al., 2003); a 
putative avian haemolysin gene, hlyF; an aerobactin 
siderophore receptor gene, iutA (Williams and Warner, 
1980; Morales et al., 2004); a transcriptional regulator of 
iron uptake gene in APEC, uvrY (Li et al., 2004); the gene 
pstB (Lamarche et al., 2005) and the plasmid partitioning 
protein encoded by sopB which is common in various 
plasmids.  

Antibiotic resistance/sensitivity patterns are important in 
the selection of antibiotics that can be used as 
combinations in the treatment of urinary tract infections. 
In a recent report by the World Health Organisation 
(WHO) it was mentioned how we are headed for a post-
antibiotic era, in which common infections and minor 
injuries which have been treatable for decades will once 
again kill. The report draws on data from 114 countries, 
and focuses on antibiotic resistance in bacteria that 
cause common but serious diseases such as sepsis, 
diarrhea, pneumonia, urinary tract infections and 
gonorrhea (WHO, 2014). Because of the lack of an 
effective vaccine to combat UTIs, antimicrobial therapy 
remains crucial for the control of urinary tract infections. 
Another  major  objective  of  this  study  was  to  provide 
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current antibiotic resistance patterns of UPEC isolates 
from Zimbabwe. 
 
 

METHODOLOGY 
 
Sample collection  
 
Between the months of July and August 2013, 86 urine samples 
were obtained from patients visiting a leading diagnostic Medical 
Laboratory in Harare. These samples were from both symptomatic 
and asymptomatic patients being tested for UTIs. Of the 86 urines 
samples, only 13 were found to have E. coli as the cause of bac-
teriuria. Over a period of three months (October-December 2013) 
27 E. coli isolates were obtained from a leading diagnostic Medical 
Laboratory in Bulawayo, these were also from suspected UTIs 
cases. A total of 40 E. coli isolates were used in this study, 13 from 
Harare and 27 from Bulawayo. 
 
 

Isolation and identification of E. coli   
 
Samples were cultured on cysteine lysine electrolyte deficient agar 
(CLED agar), blood agar and MacConkey agar (Oxoid, England) 
and then incubated aerobically at 37°C for 24 h. Biochemical tests 
were carried out including the Gram stain and the indole, citrate and 
methyl red test. 
 
 

Antimicrobial susceptibility testing 
 
The disc diffusion method was used to determine antibiotic suscep-
tibility of the isolates on Mueller Hinton agar (Oxoid, UK). Each 
isolate was tested for antibiotic susceptibility using a panel of the 
following antibiotics: nitrofurantoin (50 µg), ampicillin (25 µg), nail-
dixic acid (30 µg), tetracycline (30 µg), ciprofloxacin (5 µg) and gen-
tamycin (10 µg). All antibiotic disks were from Oxoid, United Kingdom. 
The plates were incubated at 37°C for 24 h, and inhibition zones 
were measured. Interpretation of results followed criteria recom-
mended by the Clinical Laboratory Standard Institute (CLSI, 2009). 
 
 

DNA Isolation 
 
Bacterial strains were subcultured at 37°C overnight in Luria-Bertani 
(LB) broth (Oxoid, Basingstoke, Hampshire, UK) and genomic DNA 
was extracted using a standard Phenol-Chloroform method 
(Sambrook and Russell, 2001). To check for purity, DNA was run 
along a 1% ethidium bromide stained agarose gel (Sigma-Aldrich, 
St Louis, USA) with a 1 kb DNA ladder (Thermo Scientific, USA) in 
TBE buffer for 1 h at 100 V and then viewed using a Uvipro-Silver 
Gel Documentation System (Uvitec, UK). The concentration of DNA 
was estimated by comparing the band light intensity to the band 
intensity on the 1 kb ladder on the Uvipro-Silver Gel Documentation 
System. DNA concentration of samples ranged from 75 ng/0.5 µg – 
100 ng/0.5 µg. 
 

 

Multiplex PCR for virulence genes   
 

The presence of genes encoding virulence factors was detected 
using multiplex PCR amplification. Four multiplex PCR assays were 
used to detect 12 virulence genes (Table 1). The multiplex design 
was done  according to that reported by van der Westhuizen and 
Bragg (2012) with slight changes in the primer and final magnesium 
chloride concentrations. The effected changes were done using 
primer concentrations of 0.5 µM for the frz, sitD, fimH, ompT, iutA, 
pstB and sopB genes and adjusting the final MgCl2 concentration to  
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Table 1. Final primer concentrations used in the different multiplex PCRs. 
 

Multiplex 
Primer  

set 

Conc  

(µM) 

Primer  

set 

Conc  

(µM) 

Primer  

set 

Conc. 

(µM) 

Additional 
MgCl2 (mM) 

Final MgCl2 
(mM) 

1 frz 0.5 sitD 0.5  fimH 0.5 1 3 

2 sitA 2.0 kpsM 1.0  vat 0.5 1 3 

3 ompT 0.5 iutA 0.5  pstB 0.5 1 3 

4 sopB 0.5 uvrY 1.0  hlyF 0.5 1 3 

 
 
 

Table 2. Frequency of 12 virulence genes in 40 uropathogenic E. coli isolates. 
 

Name of gene Primer name Frequency (%) 

Aerobactinsiderophore receptor  iutA 35 

Type 1 fimbrial adhesin fimH 32.5 

Vacuolating autotransporter toxin vat 17.5 

SitABCD system  sitA 17.5 

SitABCD system  sitD 15 

Putative avian haemolysin  hlyF 12.5 

PstSCAB system  pstB 10 

frz operon  frz 7.5 

APEC virulence regulator uvrY 0 

Capsule-protein transport of polysaccharides kpsM 0 

Episomal outer membrane protease ompT 0 

Plasmid partitioning protein  sopB 0 

 
 
 
3 mM for all multiplex reactions. The primers used in our study are 
listed in Table S1 in the supplementary material. All primers used 
were obtained from Inqaba Biotech, South Africa. Three microliters 
of each of the DNA samples were mixed with all necessary 
components for amplification in a 0.2 ml PCR tube (Perkin-Elmer, 
USA) in a 25 µl reaction. The reaction mixture included 2.5 µl of 
×10 PCR Dream Taq buffer (Thermo scientific, USA), 2 µl of 
dNTPs, 10 mM; 0.25 µl of Dream Taq polymerase (Thermoscientific, 
USA), 5 U/µl, nuclease free water to maintain a total volume of 25 
µl. The appropriate primers were added to a maximum primer con-
centration of 2 µM and the MgCl2 concentration was adjusted to a 
final concentration of 3 mM as shown in Table 1. Negative controls 
comprised of a water control. An Applied Biosystems GeneAmp

®
 

PCR System 9700 was used for the PCR thermal cycling conditions 
with an initial denaturation step at 94°C for 5 min, 35 cycles {den-
aturation 94°C for 30 s, annealing at 63°C for 45 s, extension 72°C 
for 1 min and 45 s and a final elongation step at 72°C for 10 min. 
The amplified products were then run along a 1% ethidium bromide 
stained agarose gel with a 100 bp DNA ladder (Thermo scientific, 
USA) in TBE buffer for 1 h at 100 V and then viewed using a 
Uvipro-Silver Gel Documentation System (Uvitec, UK).  

The multiplex PCRs described were used to screen for the 
presence of 12 virulence genes in the UPEC isolates in duplicate. 
Prevalence of each virulence gene was then calculated (Table 2). 
 
 

RESULTS 
 
All 40 isolates obtained from the two leading diagnostic 
laboratories in Harare and Bulawayo were positively iden-
tified and confirmed to be E. coli through culturing and 

biochemical tests. After successful DNA isolation and 
quantification, the DNA of each of the 40 UPEC isolates 
was subjected to 4 different multiplex PCRs. Each multiplex 
reaction amplified three virulence gene regions. This was 
done in order to screen the UPEC isolates for 12 APEC 
associated virulence genes. The percentage frequency of 
each gene was then determined and the results are shown 
in Table 2. The iutA gene had the highest presence rate 
of 35%; followed by fimH (32.5%), vat (17.5%) sitA (17.5%) 

and sitD (15%). The data obtained from electrophoresis 
agarose gels was used to assign virulence gene profiles to 

each UPEC isolate, this is summarized in Table 3.   
Antibiotic susceptibility testing was done for all 40 UPEC 

isolates. The isolates were assayed against a panel of six 
antibiotics. The results shown in Table 4 suggest a high 
resistance of UPEC to ampicillin (90%) and tetracycline 

(75%) whilst a high sensitivity to gentamycin (82.5%) and 

nitrofurantoin (62.5%) was observed. The prevalence of 

antibiotic resistance phenotypes of all E. coli isolates is 
presented in Table 5. Sixty five percent of the isolates 

showed resistance to at least 3 antibiotics, and 11 different 
antibiotic resistance patterns were observed. The most 
common resistance pattern, exhibited by 10 isolates, was 
resistance to ampicillin, nalidixic acid, ciprofloxacin and 
tetracycline (pattern D). This study was sanctioned by the 
NUST ethical committee and no names were recorded 
during the study.  
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Table 3. Presence or absence of expected amplicons and virulence profiles of UPEC isolates 
 

Isolate 
Multiplex 1 Multiplex 2 Multiplex 3 Multiplex 4 Tota

l/12 
Virulence 

profile frz sitD fimH sitA kpsM vat ompT iutA pstB sop B uvrY hlyF 

1 + + + + - + - + - - - - 6 C 

2 - + + - - - - - - - - - 2 A 

3 - + + - - - - - - - - - 2 A 

4 + + + - - + - + - - - - 5 B 

5 - - - - - - - - - - - - 0 A 

6 + + + - - - - + - - - - 4 B 

7 - - - - - - - - - - - - 0 A 

8 - - - - - - - - - - - - 0 A 

9 - - - - - - - - - - - - 0 A 

10 - + + - - - - - - - - - 2 A 

11 - - - - - - - + - - - - 1 A 

12 - - - - - - - - - - - - 0 A 

13 - - - - - - - + - - - - 1 A 

14 - - - - - - - - - - - - 0 A 

15 - - - - - - - - - - - - 0 A 

16 - - - - - - - - - - - - 0 A 

17 - - + - - - - - - - - - 1 A 

18 - - + - - - - + - - - - 2 A 

19 - - - - - - - - - - - - 0 A 

20 - - - - - - - - - - - - 0 A 

21 - - - - - - - - - - - - 0 A 

22 - - - - - - - - - - - - 0 A 

23 - - - - - + - + - - - - 2 A 

24 - - - - - - - - - - - + 1 A 

25 - - - - - - - - - - - - 0 A 

26 - - - - - - - + - - - + 2 A 

27 - - - - - - - - - - - - 0 B 

28 - - - - - - - - - - - - 0 A 

29 - - - - - - - - - - - - 0 A 

30 - - + + - + - - + - - + 5 B 

31 - - + - - - - + - - - - 2 A 

32 - - + + - - - + - - - - 3 B 

33 - - - + - - - - - - - - 1 A 

34 - - - - - - - + - - - - 1 A 

35 - - + + - + - - + - - - 4 B 

36 - - - + - - - + + - - - 3 B 

37 - - - - - + - - + - - + 3 B 

38 - - - + - + - + - - - + 4 B 

39 - - - - - - - + - - - - 1 A 

40 - - + - - - - - - - - - 1 A 
 

Presence (+) or absence (-) of the expected amplicons during the four different multiplex PCRs. Last column indicates virulence profiles assigned to 
each isolate. A indicates presence of between 0 and 2 virulence genes, B between 3 and 5 genes and C indicate 6 or more virulence genes. 

 
 
 
DISCUSSION 
 
Virulence gene profiles 
 
In  this  study 40 E. coli isolates were obtained from patients 

with suspected UTIs and screened for 12 virulence genes, 
some of which have been well characterized in previous 
studies (Karimian et al., 2012; Guiral et al., 2012; Farshad et 
al., 2012). The uvrY gene has not been used to screen for 

UPEC in previous studies using multiplex PCR tech niques.  
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Table 4. Antibiotic susceptibility profiles of 40 uropathogenic E. coli isolates. 
  

Antibiotic Concentration (µg) Resistant no. (%) Intermediate no. (%) Susceptible no. (%) 

Gentamycin 10 4 (10) 3 (7.5) 33 (82.5) 

Nitrofurantoin 50 13 (32.5) 2 (5) 25 (62.5) 

Ciprofloxacin 5 19 (47.5) 2 (5) 19 (47.5) 

Nalidixic Acid 30 23 (57.5) 1 (2.5) 16 (40) 

Tetracycline 30 30 (75) 2 (5) 8 (20) 

Ampicillin 25 36 (90) 1 (2.5) 3 (7.5) 

 
 
 

Table 5. Antimicrobial resistance patterns of the 40 uropa-
thogenic E. coli isolates. 
 

Pattern No. of isolates Resistance pattern* 

A 2 
Amp, Nit, Nal, Cip, Tet, 

Gen 

B  2 Amp, Nit, Nal, Cip, Tet 

C 1 Amp, Nal, Cip, Tet, Gen 

D 10 Amp, Nal, Cip, Tet 

E 1 Amp, Nal, Cip, Gen 

F 2 Amp, Nit, Nal, Tet 

G   3 Amp, Nit, Tet 

H 2 Amp, Nal, Tet 

I  1 Amp, Nal, Cip 

J  1 Amp, Nit, Nal 

K 1 Amp, Cip, Tet 
 

*Amp- ampicillin, Nit- nitrofurantoin, Nal- nalidixic acid, Tet- 
tetracycline, Cip- ciprofloxacin, Gen- gentamycin. 

 
 
 

Similarly, the frz and pstB genes have been shown to 
contribute to virulence but are new in the diagnostic 
context (Li et al., 2004; Lamarche et al., 2005; Rouquet et 
al., 2009). The multiplex PCRs of this study have an advan-
tage over previous studies as they include these recently 
discovered virulence genes. 

An aerobactinsiderophore receptor gene, iutA, which is 
known to contribute to iron uptake (Williams and Warner, 
1980; Morales et al., 2004) was present in 35% of UPEC 
isolates (Table 2). Presence of the gene in UPEC agrees 
with other studies (Johnson, 1991; Guiral et al., 2012) 
that have shown that the bacterial sidephore “aerobactin” 
is associated with E. coli strains which cause pyelone-
phritis and cystitis. It is an iron sequestration and tran-
sport system which enables E. coli to grow in iron poor 
environments such as dilute urine (Johnson et al., 2008). 

The type 1 fimbrial adhesin gene, fimH, contributes to 
protection from host heterophils (Mellata et al., 2003). 
The gene had the second highest frequency (32.5%) and 
may be useful by UPEC for adhesion to uroepithelial cells. 
FimH is the adhesin protein known to be responsible for 
binding to mannosylated glycoproteins and is located at 
the distal tip of the heteropolymeric type I pilus rod (Johnson, 
1991; Slavchev et al., 2009). Detection of the gene in the 

present study agrees with most studies (Tiba et al., 2008; 
Johnson, 1991; Karimian et al., 2012), however values as 
high as 79.67% have been reported in other studies 

(Karimian et al., 2012). 
The sitA and sitD genes which are part of the SitABCD 

system, and are classified as a bacterial iron transporter 
(Runyen-Janecky et al., 2003) were also found in 17.5 
and 15% of the UPEC isolates respectively. Apart from 
mediating iron and manganese transport, the SitABCD 
operon has also been suggested to confer resistance to 
oxidative stress possibly required during interaction with 
phagocytes (Sabri et al., 2008). The presence of these 
genes agrees with other studies (Schouler et al., 2004; 
Snyder et al., 2004; Rodriguez et al., 2005) who believe 
that in E. coli, SitABCD-encoding genes are associated 
with clinical strains isolated from extra-intestinal 
infections from poultry and human UTIs. 

The vacuolating autotransporter toxin, vat gene which 
has been shown to induce cytotoxic effects in host cells 
(Parreira and Gyles, 2003) was present in 17.5% of our 
isolates. This disagrees with a study by Johnson et al. 
(2008) who found a prevalence of 62.3% for the vat gene 
in UPEC isolates. A putative avian haemolysin gene, hlyF, 
responsible for iron uptake (Williams and Warner, 1980; 
Morales et al., 2004) was also amplified in 12.5% of the 
isolates. A 50.4% presence for hly A was observed by 
Karimian et al. (2012), but our findings agree with recent 
studies by Farshad et al. (2012) who obtained a 15.62% 
for hemolysin (hly) in UPEC from children in Iran. In 
another study on 531 UPEC isolates, Johnson et al. 
(2008) found a prevalence of 5.6% for the hlyF gene. Also, 
according to Johnson (1991) the percentage frequency of 
genes from the hly operon varies with the patient’s 
condition. HlyF and vat have been well documented in chic-
kens suffering from colibacillosis (van der Westhuizen 
and Bragg, 2012) and very little seems to have been 
published on the genes in UPEC. 

The pstB gene which is part of the pstSCAB operon, 
has been shown to increase resistance to polymyxin, 
rabbit serum and acid shock (Lamarche et al., 2005). We 
detected it in 10% of the studied UPEC isolates. Some 
studies (Surin et al., 1985; Rao and Torriani, 1990) sug-
gest that the gene may be responsible for mediating the 
uptake of phosphate from the outside to the inside of the 
cell. The  frz  operon  was  present  in  7.5% of the UPEC 



 
 
 
 
isolates and work by Rouquet et al. (2009) suggests that 
the gene products from the frz operon are used by E. coli 
to promote growth in serum during oxygen-restricted 
conditions. Urine, like serum is also oxygen-restricted, 
therefore UPEC may use this gene for their survival. Very 
little has been published on the pstB and frz operon in 
UPEC. 

Four (uvrY, sopB, kpsM and ompT) of the twelve 
genes were not detected in all the 40 E. coli isolates 
(Table 2). Transcriptional regulator of iron uptake genes, 
uvrY (Li et al., 2008) together with the plasmid 
partitioning protein encoded by sopB known to be 
common in various plasmids were both absent. If a 
virulence gene in APEC does not have a homologue in 
UPEC the gene region cannot be amplified except in 
cases of a zoonotic infection. APEC virulence regulator 
(uvrY) is a VF particularly found in E. coli associated with 
chicken suffering from colibacillosis. Therefore, the 
gene’s absence in all UPEC isolates studied supports 
work done by Randall et al. (2012), who suggested that 
E. coli strains in diseased chickens are generally different 
from those causing disease in humans.  

Another gene that was absent was the capsule 
formation transporter gene kps M (Pavelka et al., 1991). 
This finding differs from some previous studies by 
Momtaz et al. (2013) and Tiba et al. (2008) who indicated 
presence of the kpsMT gene in UPEC. The gene ompT 
which encodes for the episomal outer membrane 
protease that cleaves colicins (Cavard and Lazdunski, 
1990) was also absent in the samples. These findings 
agree with other recent studies by Karimian et al. (2012) 
and Momtaz et al. (2013). 

Virulence profiles were generated for each E. coli 
isolate used in our study (Table 3).The UPEC isolates 
were profiled as being 75% profile A, 22.5% profile B and 
2.5% profile C. None of the isolates had more than 6 
virulence genes. Generally, the UPEC isolates did not 
possess most of the APEC virulence genes assayed for 
(Table 3). This suggests that UPEC isolates may have 
different virulence genotypes than those reported for 
APEC (Johnson et al., 2008). A potential bias and 
limitation in our study could have been the use of E. coli 
isolates from both symptomatic and asymptomatic 
patients and failure to test each isolate using in vivo 
animal models to determine actual virulence. 

We also report that E. coli isolates which were resistant 
to all of the six antibiotics had none or only one of the 
VFs studied. This may suggest that some of the isolates 
were related, but it however also supports recent studies 
in Turkey by Giray et al. (2012) who found that E. coli 
strains with low numbers of virulence genes exhibit a high 
antibiotic resistance. A larger sample size as well as more 
VFs should be studied to fully investigate this relationship. 
 
 

Antibiotic susceptibility profiles 
 

The studied UPEC isolates showed a high resistance to 
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ampicillin (90%) and tetracycline (75%) whilst showing a 
high sensitivity to gentamycin (82.5%) and nitrofurantoin 
(62.5%) (Table 4). The results agree with previous studies 
done in the country by Mbanga et al. (2010) who found 
that UPEC showed the highest resistance to ampi-cillin 
(84%) whilst showing a low resistance to nitro-furantoin 
(16%). Our findings are also similar to previous studies 
from Mexico City (Molina-Lopez et al., 2011), Sri Lanka 
(Perera et al., 2012), Nigeria (Okonko et al., 2009) India 
(Mandal et al., 2012) and Iran (Barati et al., 2011) which 
found a low resistance to nitrofurantoin and a high resis-
tance to ampicillin.  

UPEC strains tend to be resistant to drugs that are 
frequently used. However, gentamycin is inappropriate for 
frequent use, rather it is commonly used for severe UTIs. 
Our findings show that most isolates were susceptible to 
gentamycin (82.5%) but this differs from a study done in 
Iraq by Chateen et al. (2007), who found UPEC to be 
highly resistant to gentamycin.  

E. coli isolates clearly demonstrated high resistance to 
most examined antibiotics (Table 5) and this has been 
reported in other studies (Dromigny et al., 2005). Five 
percent of UPEC isolates were resistant to all six antibiotics 
and none of the isolates were susceptible to all the 
antibiotics. All E. coli showed resistance to at least one or 
more antibiotics. Sixty five percent of the E. coli isolates 
were responsible for the 11 different multi-drug resistance 
(MDR) patterns (UPEC showing resistance to ≥3 anti-
biotics) as shown in Table 5. This agrees with recent 
findings in Iran by Farshad et al. (2012), but differs from 
other studies were lower levels of MDR isolates have 
been reported (Linder et al., 2005; Rijavec et al., 2006). 
The most common pattern was pattern D followed by 
pattern G (Table 5). 
 
 

Conclusion  
 

Low percentage frequencies of the studied VFs were 

detected in UPEC causing UTIs. Half of all UPEC isolates 
in the present study possessed none, or only one, of the 
VFs characterized and, as such, it is reasonable to assume 
that UPEC isolates have different virulence factors than 
those reported for APEC. However, to fully investigate 
zoonosis between chicken and humans, virulence genes 
exclusive to chicken isolates should be used. The anti-
biotic resistance results show that antibiotic resistance is 
on the rise and nitrofurantoin should be the drug of 
choice in Zimbabwe.  
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Table S1. Primers used for amplifying regions in APEC virulence genes. 
 

Primer name Name of targeted region/gene Primer Sequence (5’ – 3’) 
Source of Primer 
Sequence 

Expected amplicon 
size (bp) 

sitA-F sitA-R 
SitABCD system  

 

Forward primer: CGCAGGGGGCACAACTGAT 

Reverse primer: CCCTGTACCAGCGTACTGG 
Sabri et al. (2008)  661 

     

sitD-F sitD-R 
SitABCD system  

 

Forward primer: CTGTGCGCTGCTGTCGGTC 

Reverse primer: GCGTTGTGTCAGGAGTAC 
Sabri et al. (2008)  571 

     

ompT-FP ompT-RP 
Episomal outer membrane 
protease 

Forward primer: TCATCCCGGAAGCCTCCCTCACTACTAT 

Reverse primer: TAGCGTTTGCTGCACTGGCTTCTGATAC 
Johnson et al. (2008)  496 

     

fimH-FP fimH-RP 
Type 1 fimbrial adhesin fimH  

 

Forward primer: GGATAAGCCGTGGCCGGTGG 

Reverse primer: CTGCGGTTGTGCCGGAGAGG 

Van der Westhuizen 
and Bragg (2012) 

331 

     

frz-FP frz-RP 
frz operon  

 

Forward primer: GAGTCCTGGCTTGCGCCGTT 

Reverse primer: CCGCTCCATCGCAGCCTGAA 

Van der Westhuizen 
and Bragg (2012) 

843 

     

hlyF-FP hlyF-RP 
Putative avian haemolysin  

 

Forward primer: GGCCACAGTCGTTTAGGGTGCTTACC 

Reverse primer: GGCGGTTTAGGCATTCCGATACTCAG 
Johnson et al. (2008)  450 

     

iutA-FP iutA-RP Aerobactinsiderophore receptor  
Forward primer: GGCTGGACATCATGGGAACTGG 

Reverse primer: CGTCGGGAACGGGTAGAATCG 
Johnson et al. (2008) 302 

     

kpsM-FP kpsM-RP 
Capsule-protein transport of 
polysaccharides 

Forward primer: CAGCCTCGCGGCTTAGCTCC 

Reverse primer: TGCACGCGCACTGCTTGAGA 

Van der Westhuizen 
and Bragg (2012) 

335 

     

vat-FP vat-RP 
Vacuolating autotransporter toxin 

 

Forward primer: CGCTTCAGGTGCGCTGACCA 

Reverse primer: AAGGGAGACGATGCCCGCCT 

Van der Westhuizen 
and Bragg (2012) 

498 

     

pstB-FP pstB-RP 
PstSCAB system  

 

Forward primer: CGCGCTCGTCCATGTCAGCA 

Reverse primer: CGGAACAGCGTGCGGAAGGT 

Van der Westhuizen 
and Bragg (2012) 

198 

     

uvrY-FP uvrY-RP 
APEC virulence regulator 

 

Forward primer: TGAGTGCGATTCGTTCTGTC 

Reverse primer: TCTCCGCATTACACAGACCA 
Herren et al. (2006) 286 
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Extended spectrum β-lactamases (ESBLs) have emerged as a major threat worldwide with limited 
treatment options. The prevalence of ESBL producing Escherichia coli and Klebsiella pneumoniae 
strains largely remain unknown in Ethiopia. The study was aimed at determining the occurrence of 
extended spectrum β-lactamase-producing E. coli and K. pneumoniae among inpatient and outpatient 
settings, their antimicrobial resistance profile and associated risk factors in Jimma University 
Specialized Hospital (JUSH). A total of 471 consecutive, non repetitive clinical specimens were 
collected among inpatients (n=314) and outpatients (n=157). Among these, 112 isolates of K. 
pneumoniae (n=27) and E. coli (n=85) were recovered. Overall prevalence of extended spectrum beta 
lactamase (ESBL) producers was 38.4% (n=43) of total isolates. Extended spectrum beta lactamases 
were found in 28.2% (n=24) of E. coli and 70.4% (n=19) of K. pneumoniae. Extended spectrum beta 
lactamase producers mediated very high resistance to both beta-lactams and non-betalactams, and 
they were significantly higher among in-patients (46.4%) than out-patients (14.3%). On Multivariate 
analysis, treatment with third generation cephalosporin was identified as a sole risk factor for 
acquisition of ESBL enzyme. Our findings confirmed that infection due to extended spectrum beta 
lactamase-producing E. coli and K. pneumonia is prevalent in JUSH and that exposure to third 
generation cephalosporin was associated with these infections. The magnitude of E. coli and K. 
pneumoniae infection was more in inpatients with higher levels of extended spectrum beta lactamase 
production than outpatients. 
 
Key words: Escherichia coli, Klebsiella pneumoniae, extended spectrum β-lactamases, inpatients, outpatients. 

 
 
INTRODUCTION 
 
The problem of microbial drug resistance has achieved a 
global dimension and an alarming magnitude, being one 
of the leading unresolved problems in public health. The 

relentless evolution of resistance, in the face of a 
decrease in the development of new antimicrobial agents 
active  against  resistant pathogens, has led to an increa- 
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sing number of cases in which the pathogen is resistant 
to most, or even all, drugs available for clinical use 
(Rossolini and Mantengoli, 2008). β-Lactam agents such 
as penicillins, cephalosporins, monobactams and 
carbapenems are among the most frequently prescribed 
antibiotics worldwide (Pitout et al., 2005). β-Lactams 
account for approximately 50% of global antibiotic con-
sumption (Livermore, 1998). Bacterial resistance to β-
lactam antibiotics occurs by three mechanisms: failure of 
the β-lactam to reach the penicillin-binding proteins 
(PBPs), low-affinity binding to the PBPs and inactivation 
of the drug by β-lactamases (Holbrook and Lowy, 1998). 
Among this, β-lactamases are the commonest cause of 
bacterial resistance to β-lactam antimicrobial agents 
(Livermore, 1995).  

The introduction of the third-generation cephalosporins 
into clinical practice in the early 1980s was heralded as a 
major breakthrough in the fight against β-lactamase-
mediated bacterial resistance to antibiotics. The first 
report of plasmid-encoded β-lactamases capable of 
hydrolyzing the extended-spectrum cephalosporins was 
published in 1983 in Germany (Lautenbach et al., 2001). 
Later these enzymes were named extended-spectrum β-
lactamases (ESBLs) (Shah et al., 2004). Since then, 
several outbreaks have been reported in a number of 
European countries and the USA, and the problem has 
reached endemic dimensions in several places worldwide 
(Giamarellou, 2005). 

An extended-spectrum β-lactamase is any β-lactamase 
that can confer resistance to the oxyiminocephalosporins 
(e.g. cefotaxime, ceftriaxone, ceftazidime) and mono-
bactams (e.g. aztreonam), but not to the cephamycins 
(e.g. cefoxitin and cefotetan) and carbapenems (e.g. 
imipenem, meropenem, and ertapenem), and which can 
be inhibited by β-lactamase inhibitors such as clavulanic 
acid (Pitout and Laupland, 2008). ESBLs are known as 
extended-spectrum because they are able to hydrolyze a 
broader spectrum of β-lactam antibiotics than the simple 
parent β-lactamases from which they are derived (Al-
Jasser, 2006). More than 500 variants of ESBL have 
been described and the majority of these belong to the 
Temoniera (TEM), sulfhydryl variable (SHV) and 
Cefotaximase-Munich (CTX-M) family 
(http://www.lahey.org/studies/webt.htm).  

K. pneumoniae and E. coli remain the major ESBL-
producing organisms isolated worldwide, but these 
enzymes have also been identified in several other 
members  of  the  Enterobacteriaceae  family  (Pitout and  

 
 
 
 
Laupland, 2008). ESBL-producing E. coli and and K. 
pneumoniae (ESBL-EK) pathogens are of great concern 
for many reasons. First, ESBL-EK isolates are often 
difficult to treat because they carry plasmids that confer 
resistance to multiple antibiotics. Second, patients with 
ESBL-EK infections may experience a delay in appro-
priate therapy because current methods of identification 
can leave them undetected. Third, patients with ESBL-EK 
infections have significantly longer hospital stays and 
incur greater hospital charges than do patients without 
these infections. Finally, patients with ESBL-EK infections 
have an increased risk of death when compared with 
patients with non-ESBL-EK infections (Bisson et al., 
2002). A recent report from the Infectious Diseases 
Society of America listed ESBL-producing Klebsiella spp. 
and E. coli as one of the six drug-resistant microbes to 
which new therapies are urgently needed (Pitout and 
Laupland, 2008).  

So far, no study has been conducted on ESBL 
production on both E. coli and K. pneumoniae simulta-
neously in Ethiopia. This study is aimed to determine 
prevalence and antibiotic susceptibility pattern of ESBL 
producing E. coli and K. pneumoniae from inpatients and 
outpatients that attend Jimma University Specialized 
Hospital. It also identifies possible risk factors for infec-
tions with ESBL producing E. coli and K. pneumoniae. 
 
 
METHODS AND MATERIALS 

 
Laboratory based comparative cross-sectional study design was 
conducted from September 2011 to February 2012 at Jimma 
University specialized hospital (JUSH), Ethiopia. The hospital is a 
300 bedded teaching hospital which covers population of over 1 
million. Sample size was estimated using Epi-info statistical 
software package (version 3.4.3, WHO Atlanta) for cross sectional 
studies of two population proportion to attain inpatient to outpatient 
ratio of 2:1. Patients' demographic data, clinical diagnoses, risk 
factor and specimen types were recorded for all patients included 
during the study period by using a questionnaire. All collected 
specimens were inoculated on the MacConkey agar (Oxoid, 
England). E. coli and K. pneumoniae was identified by their 
characteristic colony appearance: pink or yellow to colorless 
colonies (due to fermentation of lactose) from MacConkey agar, 
Gram-staining reaction and confirmed by the pattern of biochemical 
profiles using standard procedures (Koneman et al., 2006). An 
isolate was considered as E. coli when it is Indole positive, citrate 
negative, lysine positive, gas and acid producer, ferments mannitol, 
urea negative and motile. An isolate was identified as K. 
pneumoniae when it is indole negative, citrate positive, ferments  
mannitol, lysine positive, urea slow producing and non-motile. The
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antimicrobial susceptibility was done by using Kirby-Bauer disc 
diffusion technique on Mueller Hinton agar (Oxoid, England) with 
commercially available antimicrobial discs. Strains were tested 
against the following antimicrobial agents: cefotaxime (30 μg), 
ceftazidime (30 μg), ceftriaxone (30 μg), amoxicillin-clavulanic acid  
(20/10  μg), cephalothin (30 μg), ampicillin (10 μg), carbenicillin 
(100 μg), trimethoprim-sulfamethoxazole  (25 µg), chloramphenicol 
(30 µg), norfloxacin (10 µg), ciprofloxacin (5 µg), nitrofurantoin (300 
μg), nalidixic acid (30 μg), gentamicin (10 µg), amikacin  (30 µg), 
and tetracycline (30 µg).  

All E. coli and K. pneumoniae isolates were screened for ESBL 
production by disk diffusion method using ceftazidime (30 μg), 
cefotaxime (30 μg) and ceftriaxone (30 μg) antibiotic disks (Oxoid & 
MAST) as recommended by Clinical and Laboratory Standards 
Institute (CLSI, 2005). Each disc was placed on Muller Hinton agar 
manually and incubated for 16-18 hours at 35°C. Isolates with 
reduced susceptibilities to cefotaxime (zone diameter of ≤27 mm), 
ceftazidime (zone diameter of ≤22 mm) and/or ceftriaxon (zone 
diameter of ≤25 mm) was suspected as a potential ESBL producer 
(Clinical and Laboratory Standard Institute, 2005). Potential ESBL 
producers were confirmed by double disc synergy test (DDST). A 
susceptibility disc containing amoxicillin-clavulanate was placed in 
the centre of a Mueller-Hinton agar plate, and a disc containing 
30µg of ceftazidime, ceftriaxone and cefotaxime were placed 15 
mm (centre to centre) from the amoxicillin-clavulanate disc. Discs 
were incubated at 37°C for 16-18 h. Enhancement of inhibition zone 
of any these of cephalosporin discs on the side facing the 
amoxicillin-clavulanate disc was interpreted as ESBL positive 
(Jarlier et al., 1988). Multidrug resistance was defined as resistance 
to 2 or more classes of antibiotics (quinolones, trimethoprim-sul-
famethoxazole, tetracycline or aminoglycosides). 

The data was processed and analyzed for descriptive statistics 
using SPSS statistical software, version 16.0. All variables were 
examined by univariate analysis using the Chi-square or Fisher’s 
exact test, as appropriate. Multivariate analysis was performed for 
variables that were independently associated with ESBL-infection 
on univariate analysis. P-value less than 0.05 was considered 
statistically significant. The study was done after gaining a full 
approval from the Ethical Review Board of Jimma University and 
Jimma University Specialized Hospital. 

 
 

RESULTS 
 
Patient population and source of specimens  
 
Overall, 471 patients were included in the study (314 
inpatients and 157 outpatients). From these, 273 (58%) 
were females and 198 (42%) were males. The mean age 
of participants was 31.15 years (±16.97 SD). E. coli and 
K. pneumoniae were isolated from 112 (23.8%) clinical 
specimens, constituting 85 (18%) and 27 (5.7%) of total 
prevalence, respectively. These isolates were recovered 
from urine 46(40.2%), vaginal swab 25(22.3%), sputum 
18(17%), pus 14(12.5%), eye discharge 6(5.4%) and 
blood 3(2.7%). Three-fourth (n=84) of isolates were 
obtained from inpatients and the remaining one-fourth 
(n=28) was from outpatients. ESBL producing E. coli and 
K. pneumoniae was detected in 43/112 (38.4%) of the 
isolates. The mean age of patients infected by ESBL pro-
ducers was 36.79 years (±18.89 SD). The majority 31/43 
(72.1%) of ESBL isolates were obtained from females 
and the rest 12/43 (27.9%) were isolated from males. 
There was no association between ESBL production and 
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specific sex groups (p > 0.05). Nineteen (70.4%) isolates 
of K. pneumoniae was found to be positive for ESBL. 
ESBL production was significantly higher among K. 
pneumoniae than E. coli isolate (p < 0.01). The preva-
lence of ESBL-producing E. coli and K pneumonia was 
4/157 (2.5%) in outpatients and 39/314 (12.4%) in inpa-
tients, and thus the risk of development of ESBL-produc-
tion was 5 times higher in inpatients as compared to 
outpatients with significant difference (p < 0.05) (Table 1). 
 
 
 

Table 1. Distribution of ESBL-production according to isolates 
and settings. 
 

  

Total 
isolate 

N (%) 

ESBL 

Producers 

Non ESBL 
producers 

P- 
value 

Organism 

K. 
pneumoniae 

27(24.1) 19(70.4) 8(11.6) 
<.01 

E coli 85(75.9) 24(28.2) 61(88.4) 

Department      

Inpatient  84(75) 39(46.4) 45(53.6) .002 

 Out patient 28(25) 4(14.3) 24(85.7) 

 
 
 

Associated factors for ESBL-EK 
 
All included variables were evaluated among inpatients 
and only five variables were analyzed among outpatients. 
On univariate analysis, prior exposure to antibiotic was 
the associated with ESBL-production among both hospi-
talized and non-hospitalized patients. Treatment with 
third generation cephalosporins, severity of illness, length 
of hospital stay and chronic heart failure (CHF) and 
medical ward admission were additionally associated with 
ESBL infection among hospitalized patients. On 
multivariate analysis, treatment with third generation 
cephalosporin (ceftriaxone) is the only risk factor 
associated with ESBL infection (Table 2a and b). 
 
 

Antibiotic resistance profile of ESBL-EK  
 

The ESBL producing E. coli and K. pneumoniae were 
significantly resistant to third-generation cephalosporins 
as compared to non-producers (p<0.05) (Table 3). Resis-
tance conferred by ESBL producing K. pneumoniae and 
E. coli to ceftazidime, cefotaxime and ceftriaxone was 
97.7, 100 and 100%, respectively. On the other hand, 
non ESBL isolates were almost susceptible to third gene-
ration cephalosporins with 91.3, 98.6 and 100% suscepti-
bility against ceftazidime, cefotaxime and ceftriaxone, 

respectively. Good susceptibility was observed with 
amikacin in both ESBL (83.7%) and non ESBL producers 
((97.1%). Both ESBL producer and non-producer isolates 
were completely (100%) resistant to carbenicillin. 
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Table 2a. Characteristics of ESBL-EK and non-ESBL-EK infected patients among outpatient settings. 
 

Characteristic Category 
ESBL 

positive 
ESBL 

negative 

P-value 

(Univariate) 

Out-patient variable     

Sex 
Female=21 2 19 

0.212 
Male=7 2 5 

Previous antibiotic 
medication 

Yes=14 4 10 
0.031 

No=14 0 14 

Previous hospital 
admission 

Yes=3 1 2 
0.318 

No=25 3 22 

History of ICU 
admission 

Yes=0 0 0  

------- No=28 4 24 

Severity of illness 
Critical=8 2 6 

0.305 
Subcritical=20 2 18 

Recent surgery 
Yes=2 1 1 

0.134 
No=26 3 23 

 
 
 

Table 2b. Characteristics of ESBL-EK and non-ESBL-EK infected patients among inpatient settings. 
 

Characteristic Category 
ESBL 

positive 
ESBL 

negative 

P-value 

(Univariate) 
AOR (C.I 95%) 

In-patient variable      

Sex 
Female=64 29 35 

0.458 
 

----------- Male=20 10 10 

Previous antibiotic 
medication  

Yes =60 32 28 
0.045 0.350(0.11-1.111) 

No =24 7 17 

Previous hospital 
admission 

Yes=16 7 9 
0.811 

 

----------- No=68 32 36 

Length of hospital stay 
>15 days=29 19 10 

0.011 0.470(0.167-1.319) 
<15 days=55 20 35 

Treatment with 3G 
cephalosporins 

Yes=27 21 6 
<0.001 0.141(0.046-0.431) 

No=57 18 39 

History of ICU 
admission 

Yes=5 3 2 
0.530 

 

---------- No=79 36 43 

IV insertion 
Yes=62 31 31 

0.271 
 

---------- No=22 8 14 

Severity of illness 
Critical 37 34  

0.015 

 

1.035(0.157-6.805) Subcritical 2 11 

Recent surgery 
Yes =16 4 12 

0.056 
 

---------- No=68 35 33 

Underlying disease 

Diabetes 0 2 0.183 

 

 

---------- 

Cardiac failure 13 5 0.013 

Hypertension 1 3 0.379 

Hepatitis 2 0 0.124 

None 23 35 1 

Type of ward 

Medical=44 25 19 0.045 

 

---------- 

Surgical=12 7 5 0.372 

Gynecology 20 3 17 1 

Pediatrics =4 3 1 0.24 
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Table 3. Comparison of the susceptibility profiles of ESBL-producing and non–ESBL-producing EK. 
 

Antibiotic  
Total isolate N (%) ESBL-EK (n=43) N (%) Non ESBL-E (n=69) N (%) 

P- value 
R S R S R S 

Ceftazidime 48(42.9) 64(57.1) 42(97.7) 1(2.3) 6(8.7) 63(91.3) <0.01 

Cefotaxime 44(39.3) 68(60.7) 43(100) 0 1(1.4) 68(98.6) <0.01 

Ceftriaxon 43(38.4) 69(61.6) 43(100) 0 0 69(100) <0.01 

AMC 56(50) 56(50) 38(88.4) 5(11.6) 18(26.1) 51(73.9) <0.01 

Cephalothin 97(86.6) 15(13.4) 43(100) 0 54(78.3) 15(21.7) 0.001 

Gentamicin 42(37.5) 70(62.5) 36(83.7) 7(16.3) 6(8.7) 63(91.3) <0.01 

Amikacin 9(8) 103(92) 7(16.3) 36(83.7) 2(2.9) 67(97.1) 0.011 

Nalidixic acid  59(52.7) 53(47.3) 36(83.7) 7(16.3) 23(33.3) 46(66.7) <0.01 

Ciprofloxacin 48(42.9) 64(57.1) 33(76.7) 10(23.3) 15(21.7) 54(78.3) <0.01 

Norfloxacin 43(38.4) 68(60.7) 29(67.4) 14(32.6) 14(20.3) 55(79.7) <0.01 

Nitrofurantoin 31(27.7) 81(72.3) 22(51.2) 21(48.8) 9(13) 60(87) <0.01 

Chloramphenicol 49(43.8) 63(56.2) 33(76.7) 10(23.3) 16(23.2) 53(76.8) <0.01 

Tetracycline 79(70.5) 33(29.5) 39(90.7) 4(9.3) 40(58) 29(42) <0.01 

TS 77(68.8) 35(31.2) 41(95.3) 2(4.7) 36(52.2) 33(47.8) <0.01 

Ampicillin  93(83) 19(17) 43(100) 0 50(72.5) 19(27.5) <0.01 

Carbenicillin 112(100) 0 43(100) 0 69(100) 0 - 
 

AMC-amoxacillin/clavulinate, TS- trimethoprim/sulfamethoxazole. 

 
 
 

Table 4. Resistance to specific antimicrobials in isolates from inpatients versus outpatients. 
 

Antibiotic 

Susceptibility profile n (%) 

P- value Inpatient Outpatient 

R S R S 

Ceftazidime 43(51.2) 41(48.8) 5(17.9) 23(82.1) 0.002 

Cefotaxime 39(46.4) 45(53.6) 5(17.9) 23(82.1) 0.007 

Ceftriaxon 39(46.4) 45(53.6) 4(14.3) 24(85.7) 0.003 

AMC 47(56) 37(44) 9(32.1) 19(67.9) 0.029 

Cephalothin 76(90.5) 8(9.5) 21(75) 7(25) 0.037 

Gentamicin 38(45.2) 46(54.8) 4(14.3) 24(85.7) 0.003 

Amikacin 9(10.7) 75(89.3) 0 28(100) 0.071 

Nalidixic acid  49(58.3) 35(41.7) 10(35.7) 18(64.3) 0.038 

Ciprofloxacin 41(48.8) 43(51.2) 7(25) 21(75) 0.027 

Norfloxacin 37(44) 47(56) 6(21.4) 22(78.6) 0.033 

Nitrofurantoin 28(33.3) 56(66.7) 3(10.7) 25(89.3) 0.020 

Chloramphenicol 41(48.8) 43(51.2) 8(28.6) 20(71.4) 0.062 

Tetracycline 64(76.2) 20(23.8) 15(53.6) 13(46.4) 0.022 

TS 63(75) 21(25) 14(50) 14(50) 0.013 

Ampicillin  73(86.9) 11(13.1) 20(71.4) 8(28.6) 0.059 

Carbenicillin 84(100) 0 28(100) 0 ___ 
 
 
 

Resistance pattern between outpatient and inpatient 
isolates  

 
Generally, inpatient isolates showed higher rates of 
resistance to most tested antibiotics, when compared 
with outpatient isolates. The difference in susceptibility 
between inpatient and outpatient isolates was statistically 
significant for 12 (75%) of the 16 tested antibiotics 

(p<0.05). However, the rates of resistance to amikacin, 
chloramphenicol, ampicillin and carbenicillin, were not 
significantly different between inpatient and outpatient 
isolates (Table 4). 
 
 

Multi drug resistant ESBL-EK 
 

The resistance rates of ESBL isolates to 2 or more classes 
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Table 5. The resistance rates of ESBL isolates to 2 or more 
classes of non-beta lactam antibiotics. 
 

Antibiotic combination 
Resistance rate N 

(%) 

TS and T 38 (88.4) 

TS, T and NA 35 (81.4) 

TS, T, NA and CN 30 (70) 

TS, T, NA, CN and CIP 26 (60.5) 

TS, T, NA, CN, CIP and CAF 22 (51.2) 

TS, T, NA, CN, CIP, CAF and F 9 (20.9) 

TS, T, NA, CN, CIP, CAF, F and Ak 3 (7) 
 

T- Tetracyclin, TS- trimethoprim-sufamethoxazole, NA- nalidixic 
acid, CN- gentamicin, CIP- ciprofloxacin, C- chloramphenicol, F- 
nitrofurantoin, Ak- amikacin. 

 
 
 

classes of antibiotics are given in Table 5, descending 
from the lowest to the highest resistant isolates. ESBL-
EK generally showed higher rates of resistance to anti-
biotics tested than non-producers. About 88.4% of ESBL 
isolate were multi drug resistant exhibiting cross-resis-
tance against both cotrimoxazole and tetracycline. Resis-
tance to three non beta-lactam antibiotics was observed 
among 35 (81.4%) isolates; in addition approximately 
70% of ESBL positive isolates were cross-resistant to 
four non beta-lactam antibiotics (tetracycline, cotrimo-
xazole, nalidixic acid and gentamicin). The coexistence of 
ESBL phenotypes with five, six and seven types of non 
beta-lactam antibiotics were 26 (60.5%), 22 (51.2%) and 
9 (20.9%) respectively. Three (7%) ESBL isolates were 
completely resistant to all panels of antibiotics tested. 
 
 
DISCUSSION  
 

ESBLs are widespread all over the world. The prevalence 
and genotype of ESBLs from clinical isolates vary 
according to the country and even hospital at which they 
are isolated from (Kim et al., 2010). The overall preva-
lence of ESBLs in the current study was 38.4% (43/112). 
This frequency is higher than continental surveys con-
ducted in Europe (11%), South America (18.1%), North 
America (7.5%) and Asia-Pacific (14.2%) regions (Hawser 
et al., 2011; Turner, 2005). The higher prevalence seen 
in our study as compared to developed countries might 
be explained by the fact that developed countries have 
strict infection control policies and practices, shorter 
average hospital stays, better nursing barriers that are 
known to substantially decrease the chances of acquisi-
tion and spread of ESBL producing strains.  

On the other hand, the prevalence of ESBL observed in 
this study is lower than that of a study done in Tanzania 
(45.2%) conducted variably on urinary isolates (Moyo et 
al., 2010). The decline observed in our study can be 
attributed to the inclusion of various types of specimens. 
Regardless  of  such myriad variation, this finding agrees 

 
 
 
 
with previous reports on ESBL production done in United 
Arab Emirates (Al-Zarouni et al., 2008). 

Although E. coli ranks higher in the number of infection 
occurrences than K. pneumoniae, the predominant ESBL 
producer in our setting is K. pneumoniae. ESBL produc-
tion was significantly higher among K. pneumoniae than 
E. coli (p<0.01). This finding is in agreement with pre-
vious report done among K. pneumoniae and E. coli with 
respective prevalence of 70 and 28% in Pakistan, and 
51.5 and 39.1% in Tanzania, which demonstrated predo-
minance of ESBL production by K. pneumoniae than E. 
coli (Shah et al., 2003; Moyo et al., 2010). Other study 
had also demonstrated conquest of ESBL producing K. 
pneumoniae not only over E. coli but also over other 
group of Gram negative bacilli including the family 
Enterobacteriaceae (Galas et al., 2008). The predilection 
of ESBL production by K. pneumoniae has never been 
clearly explained (Mshana et al., 2009). Our observation 
that K. pneumoniae was significantly associated with 
ESBL production merely reflects local and worldwide epi-
demiology which clearly shows that ESBL production has 
been more frequently observed in these bacteria than in 
E. coli.  

Undesirable turn of events transpired when ESBL pro-
ducing E. coli were detected in the community. Three 
(75%) of the four ESBL producers from outpatients were 
E. coli. The occurrence of ESBL-producing E. coli iso-
lates in the community is in keeping with the global trend 
of emergence of community-acquired infections caused 
by ESBL-producing strains, in particular those which 
harbor the CTX-M gene. These gene have been reported 
in Africa (Kariuki et al., 2007). A recent report from Japan 
showed that patients with fecal carriers of ESBL-
producing E. coli contributed substantially to urinary tract 
infections (Niki et al., 2011). This tendency could 
markedly change the approach to the treatment of urinary 
tract infections and as well as other infections due to 
ESBL producing E. coli that are encountered in the 
outpatient setting. 

The interesting point of the present study was a corre-
lation between multiple antibacterial resistances and 
ESBL positive phenotypes. This finding indicates that 
ESBL-producing strains of K pneumoniae and E. coli are 
more likely to have diminished susceptibility to non-β-
lactam antibiotics when compared with non-ESBL-pro-
ducing isolates, further curtailing the number of drugs 
useful against these bacteria. This result has been con-
firmed by others (Moyo et al., 2010; Mshana et al., 2009). 
This is mainly associated with unique property of the 
large ESBL plasmid which is capable of incorporating and 
subsequently coding for resistant determinants to non 
beta-lactam antimicrobial agents (Jacoby and Sutton, 
1991). Thus our study results well support the fact that 
ESBL producers not only confer high levels of resistance 
to third generation cephalosporins but also to non-beta 
lactams like aminoglycosides, fluoroquinolones, tetra-
cyclines and cotrimoxazole. 



 
 
 
 

Thirty-eight (88.8%) of ESBL isolates showed multi 
drug resistance from 2 to 8 types of non beta lactam 
antibiotics tested. Of particular concern is that three (7%) 
of ESBL producing isolates were resistant to all panels of 
antibiotics used. Thus, the presence of an ESBL is a 
good marker of the MDR phenotype. In the present study, 
amikacin has retained good susceptibility rates due to its 
absence of use as empirical therapy and nonexistence of 
considerable cross-resistance with third generation 
cephalosporins. Similarly, study from Egypt also showed 
the high percentage of susceptibility to amikacin among 
antibiotics tested (Zaki, 2007). These findings have sig-
nificant implication for empirical management of patients 
infected with ESBL organisms using amikacin. 

Third-generation cephalosporin specifically ceftriaxone 
is one of the most commonly used classes of antibiotics 
for hospitalized patients in Ethiopia, as observed during 
this study, exerting predominant selective pressure for 
the emergence of resistance among pathogenic micro-
organisms. On multivariable analysis, use of third gene-
ration cephalosporins was identified as the only risk 
factors significantly associated with infection due to ESBL 
producers. This finding is in accordance with previous 
studies disclosing that indiscriminate use of third-
generation cephalosporins was related to the selection of 
ESBL-producing organisms (Lautenbach et al., 2001). 
Use of cephalosporins is not only associated with ESBL 
infection, but also it was found to be a risk factor for 
colonization with ESBL producing organisms (Levy et al., 
2010). As a result, the higher percentage of ESBL-pro-
ducing E. coli or K. pneumoniae in the current study may 
be due to the greater selective pressure imposed by 
extensive use of third-generation cephalosporins. This 
association has been best displayed by interventional 
study which demonstrated decline in the prevalence of 
ESBL-EK colonization from 7.9 to 5.7% following restric-
tion of third-generation cephalosporins (Bisson et al., 
2002). In general, the association of ESBL with third-
generation cephalosporins suggests that the best way to 
control these pathogens in our hospital is to reduce the 
use of these antibiotics. 

ESBLs occurrence was significantly higher among 
isolates from inpatients than outpatients [39 (46.4%) vs. 
4(14.3%)] (P =0.002). Nosocomial acquisition of ESBL 
producing E. coli and K. pneumoniae bacteremia has 
been reported indicating that hospital environment played 
a crucial role in maintenance of ESBL producing orga-
nism (Kang et al., 2006). Furthermore higher rate of fecal 
carriage of ESBL-producing organisms among inpatients 
(26.1%) than among outpatients (15.4%) is documented 
elsewhere in Saudi Arabia (Kader et al., 2007). This 
suggests that nosocomial acquired organisms are more 
likely to become ESBL producer.  

More than 70% of strains isolated from both inpatient 
and outpatient groups showed resistance to ampicillin, 
cephalothin and carbenicillin. This may alarm the pre-
sence  of  the  classic  beta  lactamase  which was recog- 

Siraj et al.          3693 
 
 
 
nized among this isolates prior to isolation of ESBL 
enzymes (Livermore, 1995). In addition, marked resis-
tance to tetracycline and co-trimoxazole was observed in 
the inpatient group (77.4% to tetracycline and 75% to 
TMP-SMZ) and with slight decrease in the outpatient 
group (51.7% to tetracycline and 48.3% to TMP-SMZ), 
this may be explained by the frequent use of both 
antibiotics in the community as well as in our hospital. 
Therefore, the use of this drug is questionable in 
suspected E. coli and K. pneumoniae infection in our 
setting. 
 
 
Limitation 
 
We are familiar with the limitation of study, as noted in all 
observational studies. Molecular epidemiological study 
and characterization of ESBL types were not conducted. 
Second, we did not assess certain clinical features such 
as ICU admission and urinary catheterization as potential 
risk factor for infection with ESBL producing EK due to 
little number of cases which are insignificant number to 
be included during study period. Third, our study was 
conducted in Jimma University Specialized Hospital, and 
the results may not be generalizable with other 
institutions.  
 
 

Conclusion 
 

Our data provide evidence that the ESBL is prevalent in 
Jimma University Specialized Hospital. Majority of ESBL 
producing strains are from inpatients and only few are 
community isolates. Therefore, it is very urgent to 
address the problem of hospital acquired infections 
caused by ESBL-producing bacteria. Use of third 
generation cephalosporin was the only independent 
predictor of ESBL-producing E. coli or K. pneumoniae 
infection. These agents should not be used in infections 
due to confirmed ESBL producers because resistance to 
third-generation cephalosporin is often accompanied by 
resistance to fluoroquinolones, aminoglycosides, TMP-
SMX and tetracyclines.  
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Tissue culture technique can be used for normal callus culture and regeneration of a new clone. 
Nowadays the technique is used for establishment of dual culture of host and parasite, and regeneration 
of disease free plants. Normal callus was established and maintained on MS-medium supplemented with 
6-benzylaminopurine (BAP, 1.0 mgl

-1
) and naphthalene acetic acid (NAA, 4.0 mgl

-1
). Efficient shoot bud 

and regeneration of cumin plant from callus was observed on combination of Kinetin (0.5 mgl
-1

) + 
indole-3-acetic acid (IAA, 1.0 mgl

-1
), BAP (0.1 mgl

-1
) + NAA (1.0 mgl

-1
) with 25 mgl

-1
 adenine sulphate 

(AS). Dual culture of Alternaria burnsii on cumin (Cuminum cyminum) callus was established on MS 
medium by using infected seeds. Dual culture was developed on MS-medium supplemented with NAA 
(4.0 mgl

-1
), BAP (1.0 mgl

-1
), biotin (1.0 mgl

-1
), thiamine hydrochloride (1.0 mgl

-1
), ascorbic acid (25.0 mgl

-1
) 

and casein hydrolysate (1.0 mgl
-1

). The dual culture developed from the infected seeds which were 
surface sterilized, indicates that the blight disease is basically seed borne in nature. Casein hydrolysate 
(1.0 mgl

-1
) and ascorbic acid (25 mgl

-1
) was found to be best for the growth of the fungus in the dual 

culture. It was concluded that the study can be used for disease free plants and enhance the growth of 
the fungus through control the nutrients from the host during disease development. 
 
Key words: Cumin, Alternaria burnsii, callus, dual culture.  

 
 
INTRODUCTION 
 
Cumin (Cuminum cyminum L.) is one of the important 
seed spices and highly remunerative cash crop which is 
extensively grown in Rajasthan state of India. The seeds 

are used as a condiment or spice in the various preparations 
like vegetables, curries, pickles, etc. Cumin seeds also 
have medicinal properties. Cumin water locally called
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Jaljeera has very good cooling effect. Its seeds are also 
being used in the treatment of gonorrhoea, chronic 

diarrhoea and dyspepsia. A number of fungal bacterial 
and mycoplasma-like organisms (MLOs) diseases occurred 
in cumin crop and influenced the production negatively. 
Among the diseases, the heavy losses are sustained due 
to attack of Alternariablight. In vitro culture of plant tissues 
provides an excellent system for the study of growth, 
metabolism and morphogenesis. In absolutely controlled 
conditions callus or cell suspension cultures can be 
raised from almost every part of a plant starting from 
shoot apex, axillary bud, leaf mesophyll cells, epidermis, 
pith, cambium, phloem, root, flower parts and fruit parts. 
The culture techniques thus gradually advanced using 
new information of growth regulators.  

Somatic embryogenesis in some species of Apiaceae 
family has been discussed by Lourdes and Alfermann 
(1994) especially in cumin (Soorni et al., 2012). Dual 
cultures have been used frequently in plant pathological 
studies for growth of biotrophic fungi and in vitro expres-
sion of disease resistance (Goyal, 1990; Chorabik, 2014). 
The expression of resistance of the host to fungi in tissue 
culture has been investigated using combination of 
Phytophthora infestans and Solanum tuberosum (Ingram 
and Robertson, 1965). Tissue culture techniques are now 
being used widely as tool in crop improvement by genera-
tion of novel disease resistant lines of crop plants (Garg 
et al., 1986). Plants resistant to different diseases have 

been regenerated from susceptible parent in several 
crops (Larkin and Scrowcroft, 1981; Thanutony et al., 
1983). The technique also provides opportunities to eva-
luation of resistance against Albugo candida and 
Alternaria brassica in Brassica juncea (Sharma and 
Singh, 1995). Debnath et al. (2006) studied in vitro selec-
tion of Ridomil tolerant strains of Brassica juncea var. 
varuna and developed resistant cell line against white 
rust disease through tissue culture technique. Kiran et al. 
(2003) studied the effect of cultural filtrate of A. brassicae 
on biochemical constituents of calli of Brassicas.  

In this experiment the tissue culture technique was 
used to study the isolation and establishment of normal 
callus culture, regeneration of cumin plant from callus 
and dual culture of host and parasite. 
 
 
MATERIALS AND METHODS 

 
Isolation and establishment of normal callus cultures and 
regeneration  
 

For normal callus cultures and regeneration, the certified seeds of 
Cuminum cyminum variety RZ-19 were surface sterilized with 0.1% 
mercuric chloride for 3-4 min and rinsed 3-4 times with distilled 
water. The seeds were then germinated on water-agar medium 
under aseptic conditions. These cultures were kept at 2000 lux 
intensity light at 25±2°C. The seeds germinated within 10-12 days. 
The hypocotyl was cut into small pieces using a sterilized scalper 
and transferred to 100 ml “Erlenmeyer” flask containing 40.0 ml of 
solidified  MS-medium  (Murashige  and  Skoog,  1962).  The stock 
solutions containing basal salts for the media were stored under 

 
 
 
 
refrigeration. Small quantities of stocks were prepared as per the 
need to avoid old stocks. The growth regulators that is auxins and 
cytokinins were used in basal MS-medium at various concen-
trations. For the auxins viz., indole-3-acetic acid (IAA), naphthalene 
acetic acid (NAA), indole butyric acid (IBA) and 2,4-dichlorophenoxy 
acetic acid (2,4-D), stocks were prepared by dissolving them in a 
few drops of absolute alcohol initially. Cytokinins viz., 6-furfuryl 
amino purine (kinetin) and 6-benzylaminopurine (BAP) were initially 
dissolved in a few drops of HCl (1 N). Final volume of all the growth 
regulators was made up by adding distilled water. The pH of the 
medium was always adjusted to 5.8 by adding 1 N NaOH or 1 N HCl. 

Hypocotyal derived callus was sub-cultured on MS medium 
supplemented with cytokinins (BAP/Kinetin/Zeatin 0.1-3.0 mg l

-1
), 

auxins (IAA/NAA/BAP 0.5-5.0 mg l
-1

) and adenine sulphate (15-55 
mgl

-1
) added singly and in combination. All the manipulations were 

done aseptically under the laminar air flow bench; pre-sterilized with 
ultraviolet light for forty minutes. Inoculation and transfer of explants 
was carried out in sterilized conditions. The cultures were incubated 
in culture chamber at 26±2°C and 55% relative humidity in 2000 lux 
intensity light and 16 h photoperiod.  
 
 
Dual culture of host and parasite 
 
The callus which was derived from the hypocotyl of cumin variety 
RZ-19 which is susceptible to blight, was sub-cultured aseptically 
on MS-medium supplemented with NAA (4.0 mgl

-1
), BAP (1.0 mgl

-

1
), ascorbic acid (5-40 mgl

-1
) and different concentrations of biotin, 

thiamine hydrochloride and casein hydrolysate ranging from 0.05 
mg l

-1
 to 5.0 mg l

-1
. The cultures were incubated in culture chamber 

at 30±2°C with 65% relative humidity in complete darkness. In 
some of the replicates, fungus appeared on the callus. The fungus 
from the dual culture was examined microscopically at different time 
intervals during its growth period. It was stained in cotton blue and 
mounted in lactophenol. The slides were photographed with Nikon’s 
Alpha photo-trinocular microscope. 

 
 
Statistical analysis 
 
The statistical analysis of the data was carried out using Duncan’s 
multiple range test (DMRT) at the P < 0.05 level of probability to 
test the differences between the treatment means using SPSS 
software. All the data on shoot length and root length were analysed 
using one-way ANOVA. 
 
 

RESULTS AND DISCUSSION 
 

Callus induction 
 
Normal callus initiated from hypocotyl was cultured on 
MS medium with different concentrations of auxins viz. 2, 
4-D, NAA, IAA and IBA (1.0-5.0 mg l

-1
 each) alone or in 

combination with cytokinins, that is BAP or kinetin (1.0-
5.0 mg l

-1
) (Table 1). Best growth of the callus was 

observed on NAA (4.0 mg l
-1

) in combination with BAP 
(1.0 mgl

-1
). The callus produced was healthy, soft, fast 

growing and light green in colour. This callus showed fast 
growth after further sub-culturing. NAA along with all tried 
concentrations of kinetin did not give good response 
(Table 2). On these combinations the growth of callus 
was poor and callus turned brown. Similar results have 
also been observed by Yadav (2003), Shukla et al. 
(1996) and Soorni et al. (2012) in Cuminum cyminum. 
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Table 1. Callus induction in hypocotyal explants of Cuminum cyminum inoculated on MS supplemented with different 
concentration of various growth hormones. 
 

Medium: MS + sucrose (30%) + auxins viz., 2,4-D, NAA, IAA (1.0-5.0 mgl
-1

) 

Incubation: At 26±2°C and 16 h photoperiod (2000 lux) upto 4 weeks. 

Inoculum: Hypocotyl of germinated seeds. 

Auxin/s concentration (mgl
-1

) Response                 Remarks 

Control  MS without auxin Nil Nil 

2,4-D 

1.0 + 

Callus was fast growing, fragile and 
whitish in colour. 

2.0 +++ 

3.0 +++ 

4.0 +++ 

5.0 +++ 

    

 

1.0 + 

Callus was healthy soft fast growing and 
yellowish green in colour 

2.0 ++ 

3.0 ++ 

4.0 +++ 

5.0 +++ 

IAA 

  

Callus was poor in growth and brownish 
in colour. 

1.0 – 

2.0 – 

3.0 + 

4.0 ++ 

5.0 +++ 

IBA 

   

1.0 

Nil Nil 

2.0 

3.0 

4.0 

5.0 
 

–  = No callus; + = Moderate callus ; ++ = Good callus;  +++ = profuse callus. 

 
 
 
Regeneration and complete plant formation 
 
Efficient shoot morphogenesis (>20%) was observed in 
callus cultures and sub-cultures with the combination of 
kinetin (0.5 mgl

-1
) + IAA (1.0 mgl

-1
), BAP (0.1 mgl

-1
) + 

NAA (1.0 mgl
-1

) with 25 mgl 
-1

 adenine sulphate (AS). The 
reproducibility of this morphogenesis was very high 
(Tables 3 and 4). Callus only proliferated further, getting 
a semi-compact nature when ratio of the cytokinin to 
axuin was high and remained parenchymatous on high 
auxin to cytokinin ratio. 

Multiple shoots induced at above mentioned media 
when separated and sub-cultured on MS medium 
supplemented with 0.1 -1.0 mgl 

-1
 IAA + 0.3-1.0 mgl 

-1
 

Kinetin. Maximum roots were observed at the base on 
0.3 mgl 

-1
 kinetin +0.1 mgl 

-1
 IAA and complete plant was 

obtained. These plants grew well under in-vitro conditions 
and flowered profusely but seed setting was not observed 
(Figure 1). Regenerated plants were put to hardening for 
transplant into soil. For hardening, healthy plantlets were 

transferred to plastic cups filled with sterilized soil rite. 
Plantlets were covered with moist polythene bags and 
kept in environmental chamber maintained at 25±2°C. 
Inside the environmental chamber the lightening was 
provided with florescent light for 14 h a day. The plantlets 
were irrigated with MS salt solution at 1/4 strength. How-
ever, the plantlets survived to a maximum of 10 days. 
Valizadeh et al. (2007) observed that the B5 medium 
containing 2 mgl 

-1
 NAA and 2 mgl 

-1
 Kinetin was the best 

treatment for callus and root induction and regeneration 
simultaneously. Kahrizi  and Soorni (2013) reported that 
0.1 mg/l NAA plus 0.4 mg/l BAP and 0.1 mg/l NAA plus 1 
mg/l BAP combinations were determined as the highest 
level for indirect shoot regeneration (with 25.83 % and 25 
%, respectively). 
 
 
Dual culture of host and parasite 
 
Some fungal growth was observed on callus after 15-20 
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Table 2. Effect of different plant growth regulators on callus growth of calli induced on MS medium 
containing NAA (4.0 mgl 

-1
). 

  

Medium  MS + sucrose (3.0%) + NAA (4.0 mgl 
-1

) + BAP/Kinetin (1.0-5.0 mgl 
-1

) 

Incubation At 26±2°C and 16 h photoperiod (2000 lux) upto 4 weeks 

Inoculum  Hypocotyl of germinated seeds 

BAP 

 

1.0 +++ 

Callus was healthy, soft, fast growing on further 
sub culturing and light green in colour. 

2.0 ++ 

3.0 ++ 

4.0 + 

5.0 + 

    

Kinetin 

1.0 ++ 

Callus was poor in growth and brown in colour. 
2.0 + 

3.0 – 
4.0 – 
5.0 – 

 

–  = No callus; + = Moderate callus ; ++ = Good callus;  +++ = profuse callus 

 
 
 

Table 3. Shoot morphogenesis in callus cultures of cumin on various concentrations of growth regulators and Adenine 
sulphate.  
 

BAP/Kinetin  

(mgl
-1

) 

Adenine sulphate 

 (mgl
-1

) 

IAA/NAA (mgl
-1

) 

0.5 1.0 2.0 3.0 5.0 
Shoot length 

(cm) 

0.1 15 + ++ - - - 1.90
a
 

0.5 25 + ++ - - - 1.12
b
 

1.0 35 - + - - - 1.30
b
 

2.0 45 - - - - - - 

3.0 55 - - - - - - 
 

-  = Callus proliferation;  + = Poor shoot morphogenesis (< 15 %);  ++ = Good shoot morphogenesis (>20 %).Means with the same 
letter (superscript) in the columns showing shoot length do not significantly differ (P = 0.05) based on Duncan Multiple Range Test. 

 
 
 

days of inoculation as brownish black mycelium (Table 5 
and Figure 2A and B). The callus was brown in colour. 
Later on growth of callus was retarded and the fungus 
covered most of its surface. The callus did not grow 
further. Results showed that biotin enhanced the growth 
of fungus in culture at all concentrations. 1.0 mg l-

1
 biotin 

was found to be optimum for fungal growth. However, on 
increasing biotin concentration the growth of callus and 
fungus was found to be poor. Ascorbic acid along with 
biotin (1.0 mg l

-1
) enhanced the growth of fungus in dual 

culture and 25.0 mg l
-1 

ascorbic acid was found optimal. 
Absence of ascorbic acid in the medium and its higher 
concentrations were found inhibitory for the growth of 
fungus. Casein hydrolysate 1.0 mg l

-1 
along with thiamine 

hydrochloride (1.0 mg l
-1

), ascorbic acid (25 mg l
-1

) and 
biotin (1.0 mg l

-1
) were found to be the best for growth of 

fungus in dual culture. The technique can be used for 
development of disease free plant and it is very useful in 
plant pathologist to develop a disease free clones. 
Similarly, use of interactions in dual cultures in vitro to 

evaluate the pathogenicity of fungi and susceptibility of 
host plant genotypes were also reported by Chorabik 
(2013) in different perennial plants.  
 
 
Morphological studies of the fungus from diseased 
callus  
 
Microscopic examination after 15-20 days of culture 
revealed that fungal hyphae proliferated freely over the 
callus surface. The conidia were formed at the tip of 
conidiophores. Conidiophores were septate, light olive in 
colour and gave rise to chains of conidia (Figure 2C). 
Diseased callus cultures were raised on combination of 
NAA (4.0 mgl

-1
), BAP (1.0 mgl

-1
), ascorbic acid (25.0 mgl

-

1
), biotin (1.0 mgl

-1
), thiamine hydrochloride (1.0 mgl

-1
) 

and casein hydrolysate (1.0 mgl
-1

) on MS-medium and 
resulted in good growth of fungus (Alternaria burnsii) on 
the callus. Earlier, Goyal (1990) raised diseased callus 
culture from infected inflorescence axis explant
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Table 4. Effect of combinations of Cytokinins (Kinetin) and Auxins (IAA/NAA) on Shoot and root length of 
Cuminum cyminum var. RZ-19. 
 

Growth regulators(mgl 
-1

) Shoot length(cm) Root length(cm) Remarks 

BAP + IAA (mgl
-1

)    

0.3 + 0.1 3.7
efg

 2.0
ab

  

0.3 + 1.0 3.8
defg

 2.1
a
  

1.0 + 0.1 3.0
h
 1.9

abc
  

1.0 + 1.0 3.1
h
 1.7

cde
  

    

BAP + NAA (mgl
-1

)    

0.3 + 0.1 3.9
cdef

 1.8
bcd

  

0.3 + 1.0 4.0
bcde

 2.1
a
  

1.0 + 0.1 3.5
g
 1.7

cde
  

1.0 + 1.0 4.1
abcd

 1.9
abc

  

    

Kinetin + IAA (mgl
-1

)    

0.3 + 0.1 4.3
ab

 2.0
ab

 

Best media for root initiation 
and shoot initiation 

0.3 + 1.0 4.4
a
 1.6

de
 

1.0 + 0.1 3.6
fg

 2.1
a
 

1.0 + 1.0 3.7
efg

 1.5
e
 

    

Kinetin + NAA (mgl
-1

)    

0.3 + 0.1 4.2
abc

 1.7
cde

  

0.3 + 1.0 4.4
a
 1.9

abc
  

1.0 + 0.1 4.0
bcde

 1.8
bcd

  

1.0 + 1.0 3.9
cdef

 2.0
ab

  
 

Means with the same letter (superscript) in the columns showing shoot length and root length do not significantly 
differ (P = 0.05) based on Duncan Multiple Range Test. 

 
 
 

 
 

Figure 1. A. Callus induction from hypocotyls on 
MS+NAA (4.0 mgl

-1
) and BAP (1.0 mgl

-1
). B. Stock 

callus. C and D. Shoot bud initiation on MS + 
Kinetin (0.5 mgl

-1
) + IAA (1.0 mgl

-1
) +BAP (0.1 mgl

-

1
) + NAA (1.0 mgl

-1
) + AS (25 mgl

-1
). E. Shoot 

initiation. F. Shoot elongation on MS + Kinetin (0.5 
mgl

-1
) + IAA (1.0 mgl

-1
) + BAP (0.1 mgl

-1
) + NAA 

(1.0 mgl
-1

) + AS (25 mgl
-1

) and root induction on 
MS + 0.3 mgl

-1
 Kinetin + 0.1 mgl

-1
 IAA. G. 

Complete plant formation. 
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Figure 2. A. Initiation of dual culture on MS-medium + 
NAA (4 mgl

-1
) + BAP 1.0 mgl

-1
) + Biotin (1.0 mgl

-1
) + 

Thiamine hydrochloride (1.0 mgl
-1

) + Casein hydrolysate 
(1.0 mgl

-1
) + Ascorbic acid (25 mgl

-1
). B. 30 days old 

dual culture. C. Microphotograph of cells of dual 
culture showing mycelium and conidia.  

 
 
 

Table 5. Effect of biotin, ascorbic acid, thiamin hydrochloride and casein hydrolysate on dual culture of Cuminum cyminum and Alternaria 
burnsii on modified MS-medium supplemented with NAA (4 mgl

-1
) and BAP (1.0 mgl

-1
). 

 

Ascorbic 
acid (mgl

-1
) 

Biotin 

(mgl
-1

) 

Thiamin hydrochloride 

(mgl
-1

) 
Casein hydrolysate Growth characteristics 

of fungus 
0.5 1.0 2.0 3.0 0.5 1.0 2.0 3.0 0.5 1.0 2.0 3.0 

0 - - - - - - - - - - - - No fungal growth 

5 + + + - - - - - - - - - Poor growth 

10 - - - - - - - - - - - - No fungal growth 

15 + ++ + + + + - - + + - - Poor fungal growth  

20 ++ ++ ++ - - + + - + ++ - - Moderate fungal growth  

25 ++ +++ ++ - ++ +++ ++ - ++ +++ ++ - Good fungal growth  

30 - ++ + + - ++ - - - ++ - - Poor fungal growth  

35 - - - - - - - - - - - - No fungal growth 

40 - - - - - - - - - - - - No fungal growth 
 

– = No response; + = poor fungal growth; ++ = moderate fungal growth; +++ = good fungal growth.  

 
 
 
(Brassica juncea and Albugo candida) on MS-medium 
supplemented with IBA (10.0 mgl

-1
) and kinetin (0.5 mgl

-1
).  

Plant  tissues  which  contain  higher  concentrations  of 
this   ascorbic   acid  are  more  resistant  to   pathogens 



 
 
 
 
(Plazek, 2011). 
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