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Abstract 

Opportunistic infections are mostly associated with HIV infected patients owing to their immune-compromised situation. 
This study is aimed at investigating the antibacterial effects of Ficus exasperata leaf extracts on bacterial isolates from blood 
samples of HIV infected patients attending antiretroviral therapy (ART) clinics in Akure, Nigeria. A total of 233 blood 
samples were each collected and subjected to bacteriological analyses. Phytochemical constituents of the leaf extracts were 
done using standard methods. Extracts were further purified using column chromatography. Antibiotics sensitivity test and 
antibacterial activity of F. exasperata extracts on the isolated bacteria was done using disc and agar well diffusion test 
respectively. Plasmid profile of multiple resistant bacterial isolates was also investigated. Ciprofloxacin exhibited the highest 
efficacy across all the isolates compared to other antibiotics.  Methanol extract at 400 mg/ml compared favorably well with 
ciprofloxacin and exhibited the highest antibacterial efficacy on E. coli (22.13±0.25h) while chloroform extract showed the 
least. Purified extracts recorded higher efficacy compared to the crude extracts. The highest activity was recorded for 
methanol extract at 200 mg/ml against K. pneumoniae (32.98±0.82d) while the least was aqueous extract against E. coli 
(17.96±0.33a). The isolates showed multiple bands containing plasmids; however, most of the resistance was not plasmid 
based. This antibacterial efficacy of F. exasperata leaf extracts justifies its ethnomedicinal use as an alternative or 
complementary drug for the treatment of secondary bacterial infections commonly associated with HIV infection. 
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1. Introduction 

Human immunodeficiency virus and acquired 
immunodeficiency syndrome is a global pandemic (Cohen 
et al., 2008). As of 2017, approximately 37 million people 
have HIV infection worldwide with the number of new 
cases that year being about 2 million. Of these 37 million, 
more than half are women and 2.6 million are less than 
15 years old. It resulted in about 1.2 million deaths in 
2014, down from a peak of 2.2 million in 2005 (UNAIDS, 
2018). The clinical manifestation of HIV secondary 
infections in developing countries, including Nigeria, 
shows a high prevalence of infections of the skin, gut, 
respiratory tract, tuberculosis, and malnutrition (Akinsete 
et al., 1998). Bacterial bloodstream infections constitute a 
significant public-health problem and present an important 
cause of morbidity and mortality in HIV-infected patients 
(Adeleye et al., 2010). Plants have continued to be a major 
resource for therapeutic purposes. Ethnobotanical and 
ubiquitous plants serve as a rich resource of natural drugs 
for research and development (Kong etal., 1999). The 
natural composition of medicinal plants may act as new 
alternative in treating various emerging infectious diseases 
(Wurocheke et al., 2008; Ncube et al., 2008; Oluduro and 
Aderiye, 2009). Herbal medicine as a form of 
complementary and alternative medicine in the treatment 
of diseases is becoming increasingly popular in both 
developing and developed countries (Egwaikhide and 

Gimba, 2007; Mustapha et al., 2009). Phytomedicine has 
demonstrated its contribution to the reduction of excessive 
mortality, morbidity and disability due to diseases such as 
HIV/AIDS, malaria, tuberculosis, sickle cell anaemia, 
diabetes, mental disorders (Elujoba et al, 2005) and 
microbial infections (Iwu et al., 1999). Ficus exasperata 
belongs to the family Moraceae, with 800 species 
occurring in the warmer part of the world (Odunbaku et 
al., 2008). Nigeria are replete with over 45 different 
species of Ficus (Keay and Onochie, 1964), such as F. 
glomosa, F. lecardi, F. goliath, F. capensis, F. ingens and 
F. elastica, which can be found in the Savannah, 
rainforest, besides rivers and streams. Ficus exasperata is 
commonly known as sand paper tree (“Ewe ipin” in 
Yoruba) and is widely spread in West Africa in all kinds of 
vegetation and particularly in secondary forest re-growth. 
The leaf extract from F. exasperata has been reported to 
have diverse uses such as treating hypertensive patients 
(Buniyamin et al., 2007), heamostative opthalmia, coughs 
and haemorrhoid (Odunbaku et al., 2008). In Nigeria, 
young leaves of F. exasperata are prescribed as a common 
anti-ulcer remedy. Various pharmacological actions such 
as anti-diabetic, lipid lowering andantifungal activities 
have been reported for F. exasperata (Sonibareet al., 
2006). Other industrial uses are for polishing woods 
(Cousins and Michael, 2002), stabilization of vegetable 
oils, suppression of foaming, supplement as food stock and 
antimicrobial (Odunbaku et al., 2008). The activities of 
leaf extract of F. exasperata against some pathogenic 
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organisms have been extensively investigated (Buniyamin 
et al., 2007; Odunbaku et al., 2008). However, recent 
toxicity studies in rats involving crude aqueous and 
ethanol extract of the leaves have indicated potential 
hepatic and renal toxicity as reflected by significantly 
increased serum transaminases and bilirubin (Irenell and 
Chukwunonso, 2006). Among different parts of F. 
exasperata, leaves have received much attention from the 
researchers across the world and have been widely studied 
for various pharmacological activities such as antidiabetic, 
hypotensive, antioxidant, anti-inflammatory, antiarthritic, 
antinociceptive, anticonvulsant, anxiolytic, antiulcer, 
antipyretic, uterotonic and antimicrobial activities (Faiyaz 
et al., 2012). Antibiotics can literally save lives and are 
effective in treating illnesses; however, they have the 
potential to cause unwanted side effects. Medicinal plant 
products when compared to their synthetic counterparts 
minimize these adverse side effects (Gislence et al., 2000). 
Bacterial blood stream infections caused by multi-drug 
resistant bacteria are the major cause of morbidity and in 
chronic stage mortality in patients with human 
immunodeficiency virus. Thus, this study aimed at 
evaluating the in-vitro antimicrobial effects of the 
methanol, aqueous and chloroform extract of the leave of 
F.exasperata on bacterial isolates from the blood samples 
of human immunodeficiency virus infected patients. 

2. Materials and Methods 

2.1. Ethical approval 

Ethical approval was obtained from the Health 
Research Ethics Committee (HREC) of State Specialist 
Hospital, Akure, Nigeria. Patient consent was sought 
before the collection of samples.  

2.2. Collection of blood samples and plant materials 

In total, 233 blood samples from serologically 
confirmed HIV-1 infected patients attending the HIV 
Clinic State Specialist Hospital, Akure, Ondo State, 
Nigeria, were collected in EDTA bottles and immediately 
transported to the Laboratory for microbiological analyses. 
Leaves of F. exasperata were harvested and authenticated 
at the Department of Crop, Soil and Pest Management, 
Federal University of Technology, Akure, Nigeria.  

2.3. Bacteriological analyses 

Culture media including brain heart infusion broth, 
MacConkey agar, blood agar, chocolate agar, nutrient 
agar, Mueller Hinton agar, and nutrient broth were 
prepared according to manufacturer’s specification. The 
blood samples were each cultured on the media and further 
identified using cultural and biochemical methods 
according to the methods of Cheesbrough (2010). 

2.4. Preparation of leaf extracts of F. exasperata 

Leaves of F. exasperata were washed to remove 
particles and foreign materials, left to air dry at room 
temperature on a clean surface until a constant weight of 
the sample was observed and thereafter ground into fine 
powder using electronic blender. The dried powdered 
leaves were stored at room temperature (Shahidi-Bonjar, 
2004). Exactly 200 g of F. exasperata was measured into a 
container and each soaked with methanol, chloroform and 
water. The mixture was allowed to stand for 72 hours with 

intermittent stirring. This was followed by repeated 
filtration using sterile muslin cloth, non-absorbent cotton 
wool and Whatman filter paper. The filtrates were 
concentrated in vacuo at 40 ℃ using a rotary evaporator. 
The percentage yield of each extract was determined by 
comparing the weight of the yield and the initial weight of 
the powder extracted. The extracts obtained were 
preserved at 4 ℃ before use (Atata et al., 2003). 

2.5. Phytochemical analysis 

Screening and identification of bioactive chemical 
constituents like alkaloids, glycosides, saponins, phenolic 
compounds, flavonoids, and tannins, in the medicinal 
plants under study were carried out using standard 
methods described by Trease and Evans (2002); Usman 
and Osuji (2007). 

2.6. Antibiotics sensitivity test of bacterial isolates 

Antibiotic sensitivity testusing commercially available 
antibiotics was performed on the bacterial isolates cultured 
on Mueller Hinton gar plates using standardized agar-discs 
diffusion technique as described by Clinical Laboratory 
Standard Institute (CLSI, 2016). 

2.7. Antibacterial activity of F. exasperata leaf extract 
on bacterial isolates 

Agar well diffusion technique was used to determine 
the in-vitro antibacterial activity of the crude extract. A 1 
ml of 18 hours broth culture of each of the test bacterial 
suspension that have been adjusted to turbidity equivalent 
of 0.5 McFarland standard was pour plated on sterile 
Mueller-Hinton agar plates, 6 mm wells were bored and 
filled with 0.5 ml of each extracts. Dimethylsulfoxide 
(DMSO) and ciprofloxacin (500 µg) were used as the 
negative and positive control respectively.  

2.8. Plasmid profile analyses of multi drug resistant 
bacterial isolates 

Plasmid extraction and curing was carried out using 
methods described by Akinjogunla and Enabulele, (2010) 
on selected multiple drug resistant bacterial isolates.  

2.9. Purification of extract using column 
chromatography 

Purification of the extract was carried out using column 
chromatography as described by Atta et al. (2009) and 
Usha et al. (2010) using petroleum ether, chloroform and 
methanol in ratio 3:1:1 v/v as eluting solvent. The column 
was packed with silica gel (60-120 mesh). The fractions 
obtained were reconstituted with 30% DMSO and spotted 
on TLC plates. Fractions with the same retention factor 
(Rf) were pooled together.  

2.10. Statistical Analysis 

Data were presented as mean ± standard error (SE). 
The significance of difference between treatment groups 
was tested using two-way analysis of variance (ANOVA) 
and treatment means were compared with Duncan's New 
Multiple Range test using SPSS version 20 software, at p < 
0.05 level of significance. 
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3. Results 

3.1. Percentage occurrence of bacteria isolated from 
HIV infected blood 

The occurrence of bacterial isolates from HIV infected 
blood samples is expressed as percentage as shown in 
Table 1. Nine bacteria including Staphylococcus aureus, 
Streptococcus pneumoniae, S. pyogenes, Shigella sp, 
Escherichia coli, Klebsiella pneumoniae, Proteus 
mirabilis, Pseudomonas aeruginosa, and Salmonella 
typhiwere isolated. Pseudomonas aeruginosa had the 
highest occurrence (18%) while P. mirabilis had the least 
(6%).  
Table 1. Percentage occurrence of bacteria isolated from HIV 
infected blood 

3.2. Qualitative phytochemical constituents of F. 
exasperata leaf 

Figure 1 shows the different phytochemicals inherent in 
the different extracts of F. exasperata leaf. It revealed the 
presence of flavonoids, tannins, terpenoids, steroidal and 

cardiac glycosides; alkaloids and saponins were found to 
be present. Alkaloid and flavonoids of methanolic leaf 
extract had the highest quantity of phytochemicals. 

 
Figure 1. Quantitative Phytochemical Constituents of F. 
exasperata Leaf extract 

3.3. Antibiotics sensitivity pattern of bacteria isolated 
from blood of HIV infected patients 

Table 2 shows the antibiotics sensitivity patterns of 
Gram positive and negative bacteria isolated from the 
blood of HIV infected patients respectively. All the 
isolates showed multiple resistance to more than 3 
antibiotics. Ciprofloxacin exhibited the highest efficacy 
across all the isolates compared to the other antibiotics.

Table 2. Antibiotics sensitivity pattern of bacteria isolated from HIV infected blood 

3.4. Antibacterial activity of F. exasperata leaf extracts 
on bacteria isolated from blood of HIV infected patients 

Table 3 shows the antibacterial activity of varying 
concentrations of leaf extracts of F. exasperata on 
bacterial isolates from blood of HIV infected patients. 
Methanol extract at 400 mg/ml compared favorably well 
with ciprofloxacin (positive control) and exhibited the 
highest antibacterial efficacy on E. coli (22.13±0.25h) 
while chloroform extract showed the least. Table 4 shows 

the antibacterial activity of the purified fraction of 
methanol and water extract of F. exasperata. A 200 mg/ml 
of the 3rd and 4th fraction of both purified extracts recorded 
higher antibacterial activity against the test isolates as 
compared to the crude extracts. The highest activity was 
recorded for methanol extract against K. pneumoniae 
(32.98±0.82d) while the least was aqueous extract against 
E. coli (17.96±0.33a). However, purified methanol extract 
of F. exasperata showed better antibacterial activity.
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Table 3. Antibacterial activity of F. exasperata leaf extracts on bacteria isolated from HIV infected blood 

Table 4. Antibacterial activity of purified leaf extract of F. 
exasperata at 200 mg/ml on bacterial isolates from blood of HIV 
infected patients 

3.5. Plasmid profiling of multi drug resistant bacterial 
isolates. 

The agarose gel electrophoresis of the plasmid DNA of 
the multi-drug resistant bacterial isolates is shown in 
Figure 2.  Multiple bands were observed in each bacterial 
lane, showing that they possessed heavy plasmids, with the 
highest molecular weight of 23,130 bp. However, 
following plasmid curing, most of the isolates were not 
plasmid based, as resistance was still observed in almost 
all the tested isolates against the antibiotics as shown in 
Table 5. 

Figure 2. Plasmid profile of some selected multiple antibiotics 
resistant bacterial isolates from HIV infected blood samples.     M: 
Marker, lane 1:S. aureus, lane 2: P. aeruginosa, lane 3: K. 
pneumoniae, lane 4: E. coli, lane 5: P. mirabilis, lane 6: S. 
pneumoniae, lane 7: S. pyogene.s 

Table 5. Antibiogram profile of post cured bacteria isolates from 
blood of HIV infected patients 

 
4. Discussion 

Bacteraemia is a common problem associated with HIV 
infected individuals, and this is usually associated with 
poor prognosis. Adeleye et al. (2008) reported that 
bloodstream infections constitute a significant public 
health problem and represent an important cause of 
morbidity and mortality in HIV/AIDS patients. Piroon 
(2007) reported that in HIV infected patients, community 
acquired and nosocomial bacteraemia were found in 78.5% 
and 25.1% respectively and are responsible for the 
immediate cause of death in up to 32% of HIV infected 
patients. Different factors may be responsible for the 
variation in the frequency and type of bacteria isolated 
from different HIV patients, such variations may be due to 
life styles, geographical differences, and use of 
intravenous drugs. Piroon (2007) also reported that 
bacterial infections are common in HIV infected patients 
because of abnormalities in humoral, cellular and mucosal 
immunity, and thus HIV infected patients have an 
increased risk of bacteraemia during bacterial infection. 
Bloodstream infections have been observed to appear more 
frequently in HIV/AIDS patients. 

Gram negative bacteria were the most frequent 
pathogens isolated during this study. This corresponds 
with the findings of Piroon (2007), that bacteraemia in 
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HIV infected patients were usually caused by Gram 
negative bacteria, mostly belonging to the 
enterobacteriaceae family findings of Oladosu et al. 
(2016), revealed that the enterobacteriaceae family is the 
largest and most heterogeneous group of medically 
significant Gram negative bacteria and are most frequently 
isolated in clinical samples. They have been implicated in 
infections such as diarrhoea, dysentery, salmonellosis, 
haemolytic-uremic syndrome (HUS), necrotizing 
enterocolitis and various nosocomial infections (Oladosu 
et al., 2016). Pseudomonas aeruginosa was the highest 
occurring bacteria isolated in this research work (18%) and 
it corresponds with the findings of Ana et al. (2015). This 
bacterium has emerged as one of the most common causes 
of Gram negative bacteraemia and pneumonia in HIV-
infected hospitalized patients, and its incidence in 
HIV/AIDS patients appears to be on the rise, with many 
studies demonstrating an annual increase in cases (Hart et 
al., 2000). Infections arising from them are hard to treat 
due to their natural resistance to antimicrobial agents 
(Obritsch et al., 2005). Blanc et al. (1998) also reported 
that P. aeruginosa is responsible for 10–15% of the 
nosocomial infections worldwide and has become an 
important cause of Gram negative infection, especially in 
patients with compromised immune system. Klebsiella 
pneumoniae was the most resistant isolates following post 
curing. This might be linked to its significant proportion in 
hospital-acquired urinary tract infections, pneumonia, 
septicemias, and other soft tissue infections. They are able 
to spread rapidly in the hospital environment, hence 
leading to nosocomial outbreaks (Podchun and Ullmann, 
1998). The presence of Shigella spp in the blood stream of 
subjects analysed in this study is of great clinical concern. 
This high frequency of Shigella could be due to poor 
personal hygiene of the patients, poor food handling, 
preparation, bad feeding habit (malnutrition), and their 
choices food procurement.  Kotloff et al. (1999) also 
submitted that HIV infected individuals are at high risk of 
recurrent, severe and fatal occurrences of bacteremia due 
to Shigella. 

The highest occurring Gram positive bacteria from this 
research is S. pneumoniae (11%) which resides 
asymptomatically in healthy individuals or carriers. It has 
also been known to cause diseases such as community 
acquired pneumonia, meningitis, septicemia, bronchitis, 
otitis media in susceptible individuals with weaker 
immune system such as children, the elderly and HIV 
infected patients (Janoff et al., 1992). Other encountered 
Gram positive bacteria in this study, including 
Streptococcus pyogenes and Staphylococcus aureus, have 
been associated with respiratory infections from 
contaminated surfaces. Bianca et al., (2010) reported that 
individuals with HIV/AIDS infection are also at an 
increased risk of S. aureus bacteremia whose sources 
might be hospital acquired, community and health care. 

The multi-drug resistance displayed by most of the 
organisms to the various test antibiotics is a major cause 
for concern because many clinicians fall back on the use of 
quinolones for the treatment of Gram-negative pathogens 
in the face of multi-drug resistance (Khaneja et al., 1999). 
The high rate of resistance towards these antibiotics may 
be due to drug abuse because they are readily available 
over the counter, not completing a dose before beginning a 
new one. Genetic and non-genetic acquired resistance can 

lead to increased bacterial antibiotics resistance (Mutation 
or Plasmid acquired resistance). Ciprofloxacin, which 
belongs to the family of quinolone antibiotics, displayed 
the highest antimicrobial effect of all the antibiotics used 
in the antimicrobial susceptibility testing; this outcome 
agrees with a report from Oladosu et al. (2016). Prajna et 
al. (2001) reported that the ophthalmic solutions of 
ciprofloxacin antibiotics are effective and safe in the 
treatment of patients with culture positive bacterial 
keratitis. According to studies, the use of antibiotics, 
especially irrationally, is the reason for the emergence and 
spread of resistant strains of pathogens that are of clinical 
importance in both the community and hospital 
environments (Bradford, 2001; Schmitt et al., 2007). 

Plants have a diverse range of bioactive molecules, 
making them rich sources of different types of medicines. 
These bioactive compounds, according to Aboaba et al. 
(2006) usually interfere with the growth and metabolism of 
microorganisms in a negative manner.The phytochemical 
test carried out on the powdered leaf extract revealed the 
presence of phytochemicals of pharmacological 
importance (Adebayo et al., 2009). The presence of 
flavonoid is an indication of natural occurring phenolic 
compound with beneficial effects in the human diet as 
anti-oxidant and free radicals (Adebayo and Ishola, 2009). 
The presence of flavonoid, tannins, saponins, phenolic 
constituents could provide synergistic effect which 
improves the efficacy of the active ingredients of the leaf 
(Takon et al., 2013). The leaf extract of F. exasperata at 
200mg/ml compared favorably with the commercial 
antibiotics. Methanolic extracts of F. exasperata leaves 
had greater antibacterial potency against the tested isolates 
compared to the aqueous and chloroform extracts. The 
presence of high amount of flavonoid which is a common 
secondary metabolite in medicinal plant may have 
accounted for this high antibacterial efficacy. The results 
of these inhibition growth zones of these is a confirmation 
of the ethno-medicinal significance of the plant, especially 
against secondary bacterial infections associated with HIV 
infection. 

All the selected multi-drug resistant isolates harbor 
plasmids. Plasmids are extra-chromosomal pieces of DNA 
which are capable of replicating independently of the 
genome and have been directly implicated in the 
acquisition of resistance to many antibiotics (Weigel et al., 
2003).They have been documented to have encoded gene 
that provides resistance to occurring antibiotics in 
competitive environmental niche (Kroll et al., 2010). The 
post curing sensitivity test revealed that the resistance was 
not plasmid mediated, indicating chromosomal-borne 
resistant genes. Moreover, resistance to antibiotics by 
bacteria that is not due to plasmid or chromosome might 
be due to efflux pump mechanism (Poole, 2004) or other 
factors like mutation of gene encoding ribosomal protein 
which decrease permeability of the cell envelope in enteric 
bacteria (Isenberger et al., 2002). 

5. Conclusion 

It is important to monitor the susceptibility patterns of 
microorganisms as it contributes significantly to the 
burden of secondary bacterial infection in HIV infected 
patients.The antibacterial potential of the leaf extract of F. 
exasperata may be a source of new bioactive compounds 
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for drug development and also suggests it as a cost 
effective alternative therapy against opportunistic bacteria 
associated with HIV. Further purification of the extract 
and identification of the bioactive component is necessary 
to enhance greater antimicrobial potency. 
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