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ABSTRACT 
 

Background:  The development of drug resistance is a major challenge in the management of 
microbial infections especially in immune-compromised (HIV/AIDS) patients.  
Objective:  This was to assess levels of antibacterial resistance; minimum inhibitory and 
bactericidal profiles of oral bacteria isolated from HIV/ AIDS patients in South Western Uganda and 
compare their levels with those of the reference organisms (control). 
Methods:  Bacterial isolates were grown on Mueller Hinton Agar, and biochemical tests were 
conducted using conventional and analytical profile index 20 sugar panel methods to identify 
strains. Antibiograms using modified Kirby-Bauer tube dilution and agar well diffusion methods 
were performed on purified isolates using antibiotic discs for resistance analysis and E-test strips 
for MIC and MBC analysis. Data were analysed using ANOVA with p< 0.05 considered statistically 
significant. 
Results:  All the tested bacteria except Salmonella pullorum and non haemolytic streptococcus 
showed 50 to 100% resistance to cotrimoxazole and erythromycin demonstrating resistance 
development in HIV/AIDS patients in rural communities of Uganda against commonly used 
antibacterials for management of opportunistic infections. Staphylococcus aureus and Escherichia 
coli were both ˃60% resistant to cotrimoxazole. Pseudomonas aeruginosa and Bacillus cereus 
were absolutely resistant (100%) to all the antibacterial agents used in this study. MIC and MBC 
levels for S. aureus when compared with S. aureus ATCC 25293 were highly related showing the 
level of ineffectiveness of the tested drugs (p=0.235>0.05 (MIC) and p=0.409>0.05 (MBC). High 
MIC and MBC levels of cotrimoxazole against Pseudomonas aeruginosa were followed by those of 
Staphylococcus aureus, perhaps associated with neutropenia and granulocyte dysfunction in 
human infections, necessitating appropriate dosage adjustments. Gentamycin and ceftriaxone had 
high MIC and MBC levels against E. coli respectively. Further analysis showed significance in 
ciprofloxacin against all the bacteria in its low MICs.  
Conclusion:  Bacterial resistance and poor drug efficacy in HIV/AIDS patients in rural communities 
are a major challenge in Uganda. 
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ABBREVIATIONS 
 
HIV = Human Immunodeficiency Virus; AIDS = Acquired Immunodeficiency Syndrome; MHA = 
Mueller Hinton Agar; API = Analytical Profile Index; MIC = Minimum Inhibitory Concentration; MICs = 
Minimum Inhibitory Concentrations; MBC = Minimum Bactericidal Concentration; MBCs = Minimum 
Bactericidal Concentrations; SPSS = Statistical Package for Social Sciences; S. aureus = 
Staphylococcus aureus; E. coli = Escherichia coli; S. saprophyticus = Staphylococcus saprophyticus; 
S. mutans = Streptococcus mutans; S. pullorum = Salmonella pullorum; K. pneumoniae = Klebsiella 
pneumoniae; S. pneumoniae = Streptococcus pneumoniae; NH strep = Non haemolytic 
streptococcus; P. mirabilis = Proteus mirabilis; P. aeruginosa = Pseudomonas aeruginosa; B. cereus 
= Bacillus cereus; S = Sensitive; R= Resistant; I = Intermediate; p (p value) = Probability value; OIs = 
Opportunistic Infections; ART = Antiretroviral Therapy; KIU-WC = Kampala International University 
Western Campus; ATCC = American type culture Collections; CLSI = Clinical and Laboratory 
Standards Institute; ANOVA = Analysis of Variance; Genta = Gentamycin; Cipro = Ciprofloxacin; 
Erythro = Erythromycin;Cotrim = Cotrimoxazole;Ceftri = Ceftriaxone; MRSA = Methicillin Resistant 
Staphylococcus aureus; TASO = The AIDS Support Organisation and UNCST = Uganda National 
Council for Science and Technology. 
 

1. INTRODUCTION 
 
Uganda which is a developing country has been 
renowned for her efforts in combating the 

HIV/AIDS epidemic on the African continent [1]. 
The HIV/AIDS pandemic has become 
synonymous with opportunistic infections (OIs) 
whose control relies heavily on antimicrobial 
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agents [2]. The essence of treatment with 
antiretroviral agents (ARTs) against HIV/AIDS is 
to allow the already compromised immune 
system of the patient to recover. However, these 
ARTs are also under threat of resistance 
because different sub-types of HIV vary in their 
degree of response to the therapy [3–5]. Studies 
have shown that the development of the disease 
hinges on the inability of the cellular immunity to 
defend the body against the retrovirus [6]. In 
Uganda, studies have shown that community 
stigmatization, low level of public exposure and 
limited health facilities have been implicated in 
the continuous spread of HIV & AIDS in rural 
communities [7,8]. Moreover, the high demand 
for HIV health care services amidst limited 
funding has led to increased missed or late 
testing opportunities thus making the situation 
more complicated [9]. This indicates that the 
prevalence of the disease could be higher than 
what is currently reported at 7.4% [10] and the 
burden of the HIV and its associated 
opportunistic infections is bound to rise higher. In 
Uganda, the major opportunistic infections 
identified were shown by several studies to be of 
bacterial such as Streptococcus pneumoniae, 
Streptococcus mutans, non haemolytic 
streptococcus, Staphylococcus aureus and 
Haemophilus influenza; but non-typhoidal 
Salmonella, Staphylococcus saprophyticus, 
Bacillus cereus, E. coli, Klebsiella pneumoniae, 
Proteus mirabilis and Pseudomonas aeruginosa 
have also been implicated [11,12]; and fungal 
origin like Histoplasma, Cryptococcus, 
Toxoplasma, Zygomycoses, Geotrichoses, and 
Aspergillus [13,14,15,16]. Some forms of 2-3% 
oral lesion occur with common major recurrent 
ulcerations [17] and painful necrotizing stomatitis 
due to bacterial and yeast infections with the 
most commonly isolated being Candida albicans 
[18]. The clinical criteria for diagnosis of 
opportunistic infections considered were based 
on clinical evidence and guidelines such as 
clinical examination of candidiasis, TB screening 
algorithm for HIV-infected patients and patient 
history [19,20]. The presence of opportunistic 
pathogenic bacteria in HIV/AIDS positive persons 
requires immediate treatment with some 
antibacterial agents such as gentamycin, 
ciprofloxacin, erythromycin, cotrimoxazole and 
ceftriaxone. But absence of strong drug 
prescription policies in many African countries 
may make room for self-medication and use of 
sub-lethal drug doses by HIV/AIDS patients [21], 
thereby leading to antibiotic resistance and 
increased health burden [22–24]. The work of 
Kemajou et al. [25] in Nigeria among HIV positive 

patients with urinary tract infections has shown a 
significant magnitude of bacterial infection with 
multiple drug resistant S. aureus, E. coli, P. 
aeruginosa and K. pneumoniae constituting a 
serious public health burden because of 
possibility of passing these resistant pathogens 
to a healthy population. The minimum 
bactericidal concentration (MBC) has been 
shown to be a more important and reliable guide 
in the assessment of antibiotic activity [26], 
because it shows drugs’ ability to kill bacterial 
colonies at least dose unlike the minimum 
inhibitory concentration (MIC), which gives the 
least dose of an antibiotic required to inhibit 
bacterial growth [22]. The bactericidal activity of 
a drug is measured when MBC ≥ 4 MICs. It’s 
important to evaluate the level of MBC/MIC in 
isolated bacterial strains in patients having 
HIV/AIDS from a rural community because rural 
communities of Africa are faced with severe 
health service shortages, and drug usage 
amongst patients and the general public is poorly 
regulated on the continent [23,24,27].  
 
Noting that the major nosocomial bacterial 
infections amongst HIV/AIDS patients in the 
study location have been established [12], this 
study was conducted to assess the levels of 
resistance, MIC and MBC profiles of oral bacteria 
from HIV/AIDS patients in South Western 
Uganda and compare their levels with those of 
the reference organisms (control). 
 
2. MATERIALS AND METHODS 
 
2.1 Study Design 
 
This was an experimental study in which 
previously isolated clinical oral bacterial isolates 
[12] were supplied by the Microbiology 
Laboratory freezing store KIU-WC room and 
analyzed. 
 
2.2 Sample Size and Sampling Technique 
 
“Out of 610 bacterial isolates identified in our 
previous study, [12], 100 bacterial isolates were 
systematically selected using a ratio of 1:6 (every 
6th isolate selected) with the first isolate being 
randomly selected”. Subsequently, 22 isolates of 
standard bacteria (a duplicate of each of the 11 
isolates) were collected according to whether the 
bacterium was gram positive or gram negative, 
thereby making a total of 122 bacterial      
isolates.  
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2.3 Isolation and Identification of Bacteria  
 

All 122 samples collected were grown on 
MacConkey agar, Chocolate agar and Blood 
agar to get fresh isolates and also confirm the 
identity of previously identified isolates [20,28–
30], including the standard bacteria. The 
bacterial isolates were identified by using 
appropriate culture media, microscopy using 
gram stain, appropriate biochemical oxidase and 
catalase tests [31], chrom-agar orientation and 
carbohydrate assimilation tests using the 
analytical profile index testing kits (Biomerieux® 
SA France, INS005517) utilising apiwebTM 
identification software. 
 

2.4 Susceptibility Testing 
 
A bacterial suspension with a turbidity equivalent 
to 1.5 McFarland was made using overnight 
cultures and compared with turbidity standard 
and measured with a densitometer for certainty. 
The suspension was homogenized and used 
immediately. All purified isolates were subjected 
to susceptibility testing, followed by MIC and 
MBC measurements according to previously 
published methods [31]. Antibiograms of the 
purified bacterial isolates were carried out using 
Biomerieux® France antibiotics susceptibility 
discs for bacterial resistance while Minimum 
Inhibitory Concentration (MIC) was done with the 
aid of E-test strips [31]. The sensitivity tests  for  
the bacterial strains were controlled with  
standard  organisms  of  American  Type  Culture 
Collection (ATCC 25923 Staphylococcus aureus 
for pyogenic bacteria, ATCC 25922 Escherichia 
coli for enterobacteriaceae and ATCC 27853 
Pseudomonas aeruginosa) for Pseudomonas  
aeruginosa. Antibiotics disc and its content used 
were as shown: ciprofloxacin (5 µg), 
erythromycin (15 µg), gentamycin (10 µg), 
ceftriaxone (30 µg) and cotrimoxazole (25 µg) 
discs. The suspension of 18-24 hr freshly sub- 
cultured bacterial strains were inoculated on 
freshly prepared Mueller Hinton agar, while 
respective antibiotic discs were carefully and 
specifically placed on the agar surface and 
incubated for 18-24 hours at 37°C. Then, zone of 
inhibition was measured with a transparent ruler 
and recorded. The results were interpreted as 
sensitive (S), intermediate (I)   and resistant (R) 
using the CLSI (2007) guidelines. The 
susceptibility profiles (MIC and MBC) of the 
bacterial strains were carried out using 
Biomerieux® E-test strips (ciprofloxacin, 
erythromycin, gentamycin, and cotrimoxazole 
ceftriaxone). The MICs were determined by 
placing E-test strips on the freshly prepared 

Mueller Hinton agar inoculated with bacterial 
isolates, incubated for 18-24 hr and results 
recorded. MBC was determined using E-test 
method as described previously [27] on the 
bacterial isolates. The levels of comparison were 
considered between the 11 test bacterial isolates 
and their corresponding standard bacterial 
isolates and among the levels of resistance of 
the 11 bacterial isolates.  
 
2.5 Data Analysis 
 
Data were recorded in duplicates and univariate 
analysis was carried out. ANOVA test using 
SPSS version 20 was carried out to assess level 
of association between the test groups and 
standard reference organism. Statistical 
significance was measured at 95% confidence 
interval and a p < 0.05 was considered to be 
statistically significant. 
 
3. RESULTS  
 
The study showed that Staphylococcus aureus 
and E. coli had resistance against cotrimoxazole 
at 93.2% and 66.7% respectively. Amongst the 
Klebsiella pneumoniae, resistance was 
associated with cotrimoxazole at 66.7%. 
Streptococcus mutans had a resistance of 77.8% 
while Streptococcus pneumoniae had resistance 
of 85.8% against erythromycin. Pseudomonas 
aeruginosa and Bacillus cereus showed total 
resistance (100%) against all the antibacterials 
used except ceftriaxone. In addition, resistance 
by the bacterial isolates was found to be 
expressed against erythromycin and 
cotrimoxazole at 68.0% and 64.8% respectively 
as shown in Table 1. Analysis of variance 
(ANOVA) showed that there were statistically 
significant observations. 
 
The antimicrobial drugs showed less effective 
levels of minimum inhibitory effects on 
Staphylococcus aureus compared to the more 
effective levels of inhibition on the reference 
organisms Staphylococcus aureus ATCC 25293, 
Escherichia coli ATCC 25922 and    
Pseudomonas aeruginosa ATCC 27853. The 
levels of MIC of all the drugs on E. coli (12.36 
± 15.55 µg/ml for gentamycin, 0.42 ± 0.48 µg/ml 
for ciprofloxacin, 0.01 ± 0.03 µg/ml for 
erythromycin, 0.00 ± 0.00 µg/ml for cotrimoxazole 
and 0.25 ± 0.16 µg/ml for ceftriaxone) were 
respectively comparable to their levels on S. 
saprophyticus (1.50 ± 0.00 µg/ml for gentamycin, 
0.00 ± 0.00 µg/ml for ciprofloxacin, 0.00 ± 0.00 
µg/ml for erythromycin, 0.00 ± 0.00 µg/ml for 
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cotrimoxazole and 0.25 ± 0.00 for ceftriaxone). 
Also, gentamycin and ciprofloxacin inhibited the 
growth of control Pseudomonas aeruginosa 
more effectively than their test counterparts 
(3.10 ± 4.11 µg/ml); (2.00 ± 2.83 µg/ml) and 
(0.13 ± 0.00 µg/ml; 0.25 ± 0.00 µg/ml) 
respectively. Importantly, gentamycin inhibited 
the growth of Klebsiella pneumoniae at the 
minimum concentration of 37.99 ± 96.16 µg/ml; 
followed by Bacillus cereus at 32.00 ± 0.00 
µg/ml and Streptococcus pneumoniae at 27.50 ± 
83.85 µg/ml but inhibited the growth of non 
haemolytic streptococcus at 0.13 ± 0.00 µg/ml as 
compared to its effects on reference bacteria     
at 0.06 ± 0.00 µg/ml. Ciprofloxacin and 
erythromycin exhibited respective inhibitory effects 
on Bacillus cereus at concentration of 16.00 ± 
0.00 µg/ml and Salmonella pullorum at 12.00 ± 
0.00 µg/ml. Cotrimoxazole and ceftriaxone had 
their corresponding MICs of 6.00 ± 8.49 and 
2.34 ± 1.29 µg/ml on Proteus mirabilis and 
Staphylococcus aureus depicting low 
antibacterial effects and their bacterial inhibitory 
effects on S. mutans  and Salmonella pullorum 
were individually 0.96 ± 2.24 µg/ml  and 0.06 ± 
0.00 µg/ml. All these imply that these drugs are 
more effective on the reference microorganisms 
than on the experimental microorganisms. This 
is shown in Table 2. Further analysis of variance 
showed statistical significance in ciprofloxacin 
activity against the microorganisms. 
 
Ceftriaxone killed Staphylococcus aureus at an 
MBC of 0.01 ± 0.08 µg/ml, followed by 
ciprofloxacin at 9.46 ± 20.23 µg/ml, gentamycin 
at 28.89 ± 60.71 µg/ml, erythromycin at 67.09 ± 
98.75 µg/ml and cotrimoxazole at 73.64 ± 106.53 
µg/ml showing the relative bactericidal activities 
of the antibacterial agents. Whereas 
erythromycin killed E. coli at an MBC of 0.22 ± 
0.67 µg/ml, this was followed by ceftriaxone at 
4.22 ± 5.0 µg/ml,  ciprofloxacin at 15.00 ± 27.79 
µg/ml, gentamycin at 74.33 ± 103.89 µg/ml and 
then by cotrimoxazole at 227.56 ± 451.54 µg/ml. 
Furthermore, ciprofloxacin had the most  
effective MBC (4.00 ± 0.00 µg/ml) against     
Pseudomonas aeruginosa (32 ± 0.00 µg/ml) of 
all the test bacteria apart from the reference 
microorganisms while ceftriaxone also had a 
seemingly significant bactericidal activity against 
Pseudomonas aeruginosa (9.00 ± 0.0 µg/ml) at 
face value. However, comparisons showed that 
there were significant bactericidal observations 
in ciprofloxacin, erythromycin, cotrimoxazole and 
ceftriaxone while gentamycin did not have any 
statistically significant bactericidal observations 
against the isolates.  

4. DISCUSSION 
 
Maximum resistance to erythromycin and 
cotrimoxazole was demonstrated by the bacterial 
isolates in this study (Table 1) showing that 
antimicrobial resistance is a real threat in 
HIV/AIDS patients living in Uganda. Bearing in 
mind that cotrimoxazole prophylaxis is 
commonly used in Uganda to control 
opportunistic infections, the development of 
resistance against it amongst HIV patients 
raises major concerns on disease control within 
rural communities of Uganda [33]. This is in line 
with the previous concern raised in our previous 
study [12]. Results of the study conducted in 
Nigeria on HIV positive patients with urinary tract 
infections [25] revealed that HIV seropositive 
individuals exhibited significant levels of bacterial 
colonization with multiple drug resistant S. 
aureus, E. coli, P. aeruginosa and K. 
pneumoniae which is similar with earlier findings 
[34]. This further confirms that 
immunocompromised status like HIV is a hot 
spot for multiple drug resistant pathogens to 
multiply relentlessly and become source of 
infection to other healthy population and this 
situation raises serious health concern. Most of 
the isolates were resistant to oxacillin, 
tetracycline, chloramphenicol and ampicillin. This 
high MDR antibiotic level also suggests a very 
high resistance gene pool due perhaps to gross 
misuse and inappropriate usage of antibacterial 
agents. The upsurge in antibiotic resistance 
noticed in the study [25] is in agreement with 
earlier work [35], where antibiotic abuse and high 
prevalence of self medication with antibiotics 
were identified as being responsible for the 
selection of antibiotic resistant bacterial strains 
[25]. Since a majority of drugs in the Ugandan 
market have not been under strict control and 
usage not under close monitoring by the 
regulatory bodies because of shortage of 
pharmaceutical personnel,  it’s  clear  that  drug  
resistance is  a  major  public  health  concern,  
though previously this had been ignored. S. 
aureus and E. coli were the most resistant 
bacterial isolates to cotrimoxazole. Moreover, 
resistance by Pseudomonas aeruginosa and 
Bacillus cereus was absolute since no 
antibacterial agent was effective against them. 
This is in agreement with a previous finding in 
which Staphylococcus aureus, E. coli and P. 
aeruginosa have been associated with high 
resistance [36]. Staphylococcus aureus is 
responsible for a majority of cases in health 
care systems [37], and the high level of 
resistance demonstrated in this study is a major 
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concern for Uganda health care providers and 
the country. In a previous study, susceptibility      
of S. aureus, Klebsiella pneumoniae and           
E. coli were found to be significant in children 
[38]. Our study has demonstrated that 
resistance is high in rural communities      
probably due to the population demographic 
differences and study area [39]. In Uganda, the 
control of HIV & AIDS has been associated        
with high rates of stigmatization, and low level    
of health care provision amidst the low staff 
levels in the region [40]. The increasing 
number of infections caused by methicillin 
resistant S. aureus (MRSA) strains is a         
major concern especially in HIV/AIDS patients 
who have been identified as high risk individuals 
[41]. 
 
In Uganda, no studies have been conducted             
to date comparing Minimum Inhibitory 
Concentrations (MICs) of series of antibacterials 
on microorganisms from HIV & AIDS              
patients. The findings are highly important for the 
Ugandan community, which heavily depends          
on antibiotics for management of OIs in HIV          
& AIDS patients [42], especially in rural 
communities. We demonstrated that the MIC of 
the drugs used was the least effective for 
Staphylococcus aureus amongst all micro-
organisms tested as shown in Table 2 although 
all the drugs produced effective control          
against Staphylococccus saprophyticus. This          
is worrying since high MIC values of              
S. aureus have been associated with higher 
disease burden [43], which inevitably makes 
management least effective and efficient and 
more highly expensive coupled with extended 
hospitalization and re-investigation of cause of 
disease. This would imply that new drug options 
such as vancomycin should be used as 
replacements in a majority of health centres for 
management of oral infections due to S. aureus 
since it has been shown to be effective [22]. 
However, the development of treatment failure 
is a major challenge for HIV & AIDS patients 
especially in rural communities since 
pharmacokinetic indices of vancomycin have 
failed to correlate with clinical response as 
demonstrated in a previous study [44]. This 
would be due to differences in cellular (in vitro) 
and mammalian host (in vivo) responses          
to disease. In spite of the reported treatment 
failure, vancomycin is not only expensive           
and relatively unavailable in the rural settings, it 
is mainly administered parenterally and as such 
patients are liable to pains due to injection of 
vancomycin and would also require highly and 

rurally scarce skilled hands and expertise in its 
administration as an injectable. 
 

Staphylococcus aureus was the least 
susceptible to gentamycin as gentamycin 
showed the least effective Minimum 
Bactericidal Concentration (MBC) against 
Staphylococcus aureus as shown in Table 3. 
The community isolates of S. aureus in this 
study demonstrated a persistent phenotype 
which would have been affected by the 
concentration of the antibacterials used [45]. 
This implies that the efficacy of the drugs used 
in the community against this community strain 
of S. aureus are inefficient, showing the need to 
review the antibiotic usage pattern in this 
community for the management of S. aureus 
related pathogenic infections in these patients. 
Moreover, the high prevalence of 
opportunistic infections in Uganda shows that 
the burden on the drug industry is enormous 
amongst HIV & AIDS patients [14–16]. 
 

This study also showed that cotrimoxazole was 
not effective against Pseudomonas aeruginosa 
isolates, following Staphylococcus saprophyticus 
in the ranks due to the levels of MIC realised in 
this study. Pseudomonas aeruginosa response 
to cotrimoxazole was followed by that of 
Staphylococcus aureus. Staphylococcus aureus 
and Pseudomonas aeruginosa infections are 
associated with neutropenia and granulocyte 
dysfunction thus complicating the progression 
and management of HIV infection [46]. High 
levels of MIC on Pseudomonas aeruginosa have 
been associated with higher mortalities in 
children and the cut off points are expected to 
be lower for HIV & AIDS patients [47]. The 
levels of MIC reported in this study would be 
due to the development of genetic adaptations 
which are associated with HIV & AIDS [48]. 
This would be a reason to the contrast in 
observations from a previous study which 
showed that MICs of ciprofloxacin and 
gentamycin had significant effects on clearing 
Pseudomonas aeruginosa [49]. Different 
serogroups of Pseudomonas aeruginosa have 
different MIC activity; it’s possible that a virulent 
serotype is prevalent in this community. This is 
because serogroup O:11 has been shown to be 
more resistant to ciprofloxacin and gentamycin 
and the need to switch antibiotics to include the 
appropriate carbapenems [50] especially for 
HIV& AIDS patients in the intensive care units     
of the regional health centres. Pseudomonas 
aeruginosa yielded to a high level of MBC of the 
drugs used necessitating their relative efficacy to 
be modulated. 
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Table 1. Susceptibility patterns of bacterial isola tes 
 

Bacteria  No. of 
isolates 

S/R/I Frequency (%) of antibacterial agent activity on te st isolates  
Genta (10 µg) Cipro (5  µg) Erythro (15  µg)  Cotrim (25  µg) Ceftri (30  µg)  

S. aureus 44 S 26 (59.1) 13 (29.5) 1 (2.3) 1 (2.3) 33 (75.0) 
  R 18 (40.9) 23 (52.3) 41 (93.2) 41 (93.2) 11 (25.0) 
  I 0 (0.0) 8 (18.2) 2 (4.5) 2 (4.5) 0 (0.0) 
S. aureus ATCC 25293 12 S 12 (100.0) 12 (100.0) 12 (100.0) 12 (100.0) 12 (100.0) 
S. saprophyticus 1 S 1 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (100.0) 
  R 0 (0.0) 0 (0.0) 1 (100.0) 1 (100.0) 0 (0.0) 
  I 0 (0.0) 1 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 
E. coli 9 S 8 (88.9) 7 (77.8) 4 (44.4) 3 (33.3) 6 (66.7) 
  R 1 (11.1) 1 (11.1) 5 (55.6) 6 (66.7) 3 (33.3) 
  I 0 (0.0) 1 (11.1) 0 (0.0) 0 (0.0) 0 (0.0) 
E. coli ATCC 25922 8 S 8 (100.0) 8 (100.0) 8 (100.0) 8 (100.0) 8 (100.0) 
S. pullorum 1 S 1 (100.0) 1 (100.0) 1 (100.0) 1 (100.0) 0 (0.0) 
  R 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (100.0) 
 I 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 
K. pneumoniae 9 S 5 (55.6) 5 (55.6) 1 (11.1) 3 (33.3) 8 (88.9) 
  R 4 (44.4) 3 (33.3) 6 (66.7) 6 (66.7) 1 (11.1) 
  I 0 (0.0) 1 (11.1) 2 (22.2) 0 (0.0) 0 (0.0) 

S. mutans 9 S 9 (100.0) 6 (66.7) 0  (0.0) 4 (44.4) 7 (77.8) 

  R 0 (0.0) 3 (33.3) 7 (77.8) 5 (55.6) 1 (11.1) 
  I 0 (0.0) 0 (0.0) 2 (22.2) 0 (0.0) 1 (11.1) 
S. pneumoniae 21 S 14 (66.7) 10 (47.6) 1   (4.7) 3 (14.3) 14 (66.7) 
  R 6 (28.6) 11 (52.4) 18 (85.8) 16 (76.2) 7 (33.3) 
  I 1 (4.7) 0 (0.0) 2   (9.5) 2  (9.5) 0 (0.0) 
NH streptococcus 1 S 1 (100.0) 1 (100.0) 1 (100.0) 1 (100.0) 0 (0.0) 
  R 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (100.0) 
  I 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 
P. mirabilis 2 S 1 (50.0) 1 (50.0) 0 (0.0) 1 (50.0) 2 (100.0) 
  R 0 (0.0) 0 (0.0) 2 (100.0) 1 (50.0) 0 (0.0) 
  I 1 (50.0) 1 (50.0) 0 (0.0) 0 (0.0) 0 (0.0) 
P. aeruginosa 2 S 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 
  R 2 (100.0) 2 (100.0) 2 (100.0) 2 (100.0) 2 (100.0) 
  I 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 
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Bacteria  No. of 
isolates 

S/R/I Frequency (%) of antibacterial agent activity on te st isolates  
Genta (10 µg) Cipro (5  µg) Erythro (15  µg)  Cotrim (25  µg) Ceftri (30  µg)  

P. aeruginosa ATCC 
27853 

2 S 2 (100.0) 2 (100.0) 2 (100.0) 2 (100.0) 2 (100.0) 

B. cereus 1 S 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (100.0) 
  R 1 (100.0) 1 (100.0) 1 (100.0) 1 (100.0) 0 (0.0) 
  I 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 
Total 122 S 88 (72.1) 66 (54.1) 31 (25.4) 39 (32.0) 95 (77.9) 
  R 32 (26.2) 44 (36.1) 83 (68.0) 79 (64.8) 26 (21.3) 
  I 2 (1.6.5)  

12 (9.8) 8  (6.6) 4   (3.2) 1  (0.8) 

KEY: S. aureus = Staphylococcus aureus, ATCC = American Type Culture Collection, S. saprophyticus = Staphylococcus saprophyticus, E. coli =Escherichia coli,  
S. pullorum = Salmonella pullorum, K. pneumoniae = Klebsiella pneumoniae, S. mutans = Streptococcus mutans, S. pneumoniae = Streptococcus pneumoniae,  

NH streptococcus = Non haemolytic streptococcus, P. mirabilis = Proteus mirabilis, P. aeruginosa = Pseudomonas aeruginosa, B. cereus = Bacillus cereus. 
 

Table 2. Minimum inhibitory concentration (MIC) of isolated organisms 
 

Organism    MIC against common drugs (Mean ±SD (µg/ml))  
 Gentamycin Ciprofloxacin Erythromycin Cotrimoxazole Ceftriaxone Distilled water 
S. aureus 15.84 ± 33.74 0.35 ± 0.51 1.65 ± 6.68 5.16 ± 17.43 2.34 ± 1.29 0.00 ± 0.00 
S. aureus ATCC 25293 0.06 ± 0.00 0.13 ± 0.00 0.13 ± 0.00 0.50 ± 0.00 0.0 ± 0.00 0.00 ± 0.00 
S. saprophyticus 1.50 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.25 ± 0.00 0.00 ± 0.00 
E. coli 12.36 ± 15.55 0.42 ± 0.48 0.01 ± 0.03 0.00 ± 0.00 0 .25 ± 0.16 0.00 ± 0.00 
E. coli ATCC 25922  0.13 ± 0.00 1.00 ± 0.00 0.50 ± 0.00 0.00 ± 0.00 0.06 ± 0.00 0.00 ± 0.00 
S. pullorum 1.00 ± 0.00 0.25 ± 0.00 12.00 ± 0.00 0.00 ± 0.00 0. 06 ± 0.00 0.00 ± 0.00 
K. pneumoniae 37.99 ± 96.16 0.52 ± 0.49 1.14 ± 3.02 1.14 ± 3.02 0 .22 ± 0.14 0.00 ± 0.00 
S. mutans 3.39 ± 5.95 0.97 ± 1.02 6.40 ± 9.10 0.96 ± 2.24 0.11 ± 0.11 0.00 ± 0.00 
S. pneumoniae 27.50 ± 83.85 0.45 ± 0.49 0.07 ± 0.16 2.96 ± 7.88 0 .20 ± 0.15 0.00 ± 0.00 
NH streptococcus 0.13 ± 0.00 0.25 ± 0.00 0.13 ±0.00 1.00 ± 0.00 0.50 ± 0.00 0.00 ± 0.00 
P. mirabilis 8.06 ± 11.23 0.22 ± 0.04 0.00 ± 0.00 6.00 ± 8.49 0. 16 ± 0.13 0.00 ± 0.00 
P. aeruginosa 3.10 ± 4.11 2.00 ± 2.83 0.00 ± 0.00 0.00 ± 0.00 1.00 ± 0.00 0.00 ± 0.00 
P. aeruginosa ATCC 27853 0.13 ± 0.00 0.25 ± 0.00 0.05 ± 0.00 0.20 ± 0.00 0.06 ± 0.00 0.00 ± 0.00 
B. cereus 32.00 ± 0.00 16.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 1 .00 ± 0.00 0.00 ± 0.00 

KEY: S. aureus = Staphylococcus aureus, ATCC = American Type Culture Collection, S. saprophyticus = Staphylococcus saprophyticus, 
E. coli = Escherichia coli, S. pullorum = Salmonella pullorum, K. pneumoniae = Klebsiella pneumoniae, S. mutans = Streptococcus mutans,  

S. pneumoniae = Streptococcus pneumoniae, NH streptococcus = Non haemolytic streptococcus, P. mirabilis = Proteus mirabilis, P. aeruginosa = Pseudomonas aeruginosa, 
B. cereus = Bacillus cereus and Water = Distilled water 
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Table 3. Minimum bactericidal concentration (MBC) o f isolated organisms 
 

Organism    Minimum bactericidal concentration agai nst common drugs (Mean ±SD (µg/ml)) 
Gentamycin Ciprofloxacin Erythromycin Cotrimoxazole  Ceftriaxone     Water 

S. aureus 28.89 ± 60.71 9.46 ± 20.23 67.09 ± 98.75 73.64 ± 10 6.53 0.01 ± 0.08 0.00 ± 0.00 
S. aureus ATCC 25293 1.0E-13 ± 0.00 7.1E-15± 0.00 256.00 ± 0.00 4.5E-13 ± 0.00 3.18 ± 9.12 0.00 ± 0.00 
S. saprophyticus 4.00 ± 0.00 32.00 ± 0.00 128.00 ± 0.00 1024.00 ± 0. 00 1.3E-14±0.0 0.00 ± 0.00 
E. coli 74.33 ± 103.89 15.00 ± 27.79 0.22 ± 0.67 227.56 ± 4 51.54 4.22 ± 5.02 0.00 ± 0.00 
E. coli ATCC 25922 8.00 ± 0.00 32.00 ± 0.00 512.00 ± 0.00 424.00±170.83 22.00 ± 5.66      0.00 ± 0.00 
S. pullorum 16.00 ± 0.00 32.00 ± 0.00 00.00 ± 0.00 0.00 ± 0.00 24.00 ± 0.00 0.00 ± 0.00 
K. pneumoniae 40.67 ± 83.56 0.00 ± 0.00 56.89 ± 170.67 131.78 ± 3 41.33 17.33±20.47 0.00 ± 0.00 
S. mutans 131.11± 35.85 31.22 ± 44.89 114.22±185.68 6.67 ± 11 .31 10.22±11.29 0.00 ± 0.00 
S. pneumoniae 27.81 ± 40.43 6.67 ± 15.54 13.14 ± 55.76 79.24 ± 137.12 20.57±18.24 0.00 ± 0.00 
NH streptococcus 64.00 ± 0.00 256.00 ± 0.00 512.00±0.00 256.00 ± 0.00 8.8E-16±0.0 0.00 ± 0.00 
P. mirabilis 16.00 ± 22.63 32.00 ± 45.25 256.00±362.04 64.00 ± 90.51 14.00±14.14 0.00 ± 0.00 
P. aeruginosa 32.00 ± 0.00 4.00 ± 0.00 512.00 ± 0.00 192.00 ± 90. 51 9.00 ± 9.90 0.00 ± 0.00 
P. aeruginosa ATCC 27853 64.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 9.00 ± 9.90 0.00 ± 0.00 
B. cereus 32.00 ± 0.00 128.00 ± 0.00 256.00±0.00 128.00 ± 0.0 0 16.00 ± 0.00 0.00 ± 0.00 
Key: S. aureus = Staphylococcus aureus, ATCC = American Type Culture Collection, S. saprophyticus = Staphylococcus saprophyticus, E. coli = Escherichia coli,  

S. pullorum = Salmonella pullorum, K. pneumoniae = Klebsiella pneumoniae, S. mutans = Streptococcus mutans, S. pneumoniae = Streptococcus pneumoniae,  
NH streptococcus = Non haemolytic streptococcus, P. mirabilis = Proteus mirabilis, P. aeruginosa = Pseudomonas aeruginosa, B. cereus = Bacillus cereus and  

Water = Distilled water 
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The levels of MIC of the drugs used in this study 
against Escherichia coli were comparable to 
their levels of MIC on Staphylococcus 
saprophyticus in that they both showed high 
titres. These pathogens are often associated 
with urinary tract infections [51], and the fact that 
they were isolated in nasal-oral samples shows 
the evolutionary pattern of the pathogens in 
these communities. In the management of these 
infections, appropriate dosages have been 
recommended since sub-MIC levels have been 
shown [52] to have an effect of increasing S. 
saprophyticus colonization in cell cultures, thus 
showing the need for clinicians to be at par with 
the appropriate dosage for effective 
management of these microbes especially in 
HIV & AIDS patients. This study has been the 
first to demonstrate MIC titres from these 
patients against oral microbes in HIV & AIDS 
patients from a rural community. Gentamycin 
was not as effective as ceftriaxone due to high 
MBC values against E. coli. This correlated 
positively with     the MIC activity thus showing 
the reduction in efficacy of a majority of the drugs 
used in the study. 
 
Further analysis with ANOVA showed statistical 
significance in ciprofloxacin (p < 0.05) against all 
the microbes depicting effective inhibitory effect. 
Ciprofloxacin is a third generation fluorinated 
quinolone structurally related to nalidixic acid. 
Bacterial resistance to ciprofloxacin develops 
infrequently, both in vitro and clinically, except in 
the setting of pseudomonal respiratory tract 
infections [53]. Ciprofloxacin resistance is a 
major threat which is bound to be realised under 
irrational drug usage due to its frequent use. 
Also, the resistance to other antibacterials was 
high. Increasing antibacterial resistance trends 
indicate that it is imperative to rationalize the 
use of antimicrobials in the community and also 
use these conservatively. Moreover, the MBCs 
of ciprofloxacin, erythromycin, cotrimoxazole and 
ceftriaxone were significant (p<0.05) against the 
microbial isolates. 
 
The poor regulation [23] of antimicrobial agents 
seems to be the leading cause of the high 
resistance and low drug potency demonstrated 
in this study. Amidst the existing challenges, 
opportunistic infections are bound to flourish 
especially among HIV & AIDS patients in rural 
communities [21], thus leading to increased 
public spending by the central government on 
health care which ultimately leads to a heavy tax 
burden onto the citizens [54] of Uganda. 
 

5. CONCLUSION 
 
The study was able to demonstrate the 
development of resistance by oral isolated 
microbes in HIV & AIDS patients in a rural 
community of Uganda. Staphylococcus aureus, 
E. coli and Pseudomonas aeruginosa were the 
major pathogens isolated which affected the 
drug potency. Staphylococcus aureus showed 
the highest MIC and MBC activity thus leading to 
low drug potency. E. coli followed and activity 
against Pseudomonas aeruginosa was relative. 
Since these were orally isolated pathogens, the 
study has been able to illustrate the role of oral 
hygiene in HIV & AIDS persons in the 
management of opportunistic infections. 

 
Therefore, we recommend a further study on the 
serogroups, serotypes of the isolated microbes 
to determine the resistant strains would help to 
shed more light on the epidemiological pattern 
of the strains responsible for these observations. 
Since rural communities are today laden with 
varied supplies of antibacterials in the market, it 
is really important to carry out a study on these 
bacteria with practically existing antibacterials in 
the rural drug shops in the Uganda market. 
Moreover, rural communities of Uganda rely 
heavily on ethnomedical plants for management 
of opportunistic infections; a study to identify the 
potency and level of resistance to selected plant 
species of community relevance should be 
conducted. 
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