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ABSTRACT 
 

Introduction: It is established that improper use of antibiotics leads to rapid development of 
bacterial antibiotic resistance. We investigated changes in the antibiotic susceptibility pattern of 
pathogenic bacteria in a megacity where improper antibiotic use is common. 
Methodology: Data on the antibiotic susceptibility pattern of clinical isolates to 28 commonly used 
antibiotics was obtained from two hospitals at time point A (Jan-Dec 2009, or Nov-Dec 2010) and at 
about 12-36 months later (time point B), and the data were compared using the one-sided test for 
equality of proportions. For large samples, tests using Z-score and normal distribution were 
conducted; for small samples, Fisher’s exact test was performed.  
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Results: Of the 194 different pairs of isolate clusters compared; 66.5% of the cluster-pairs showed 
no change in the antibiotic susceptibility pattern. Of the remaining 33.5% of the isolate clusters, the 
time point B clusters showed a significant decrease in antibiotic susceptibility in 21.1% of the cases, 
and a significantly higher susceptibility in 12.4% of the cases, compared to the corresponding time 
point A clusters. The decreased antibiotic susceptibility was observed in 20.0% of the Gram-
negative and 24.1% of the Gram-positive bacterial isolate clusters; and the increased antibiotic 
susceptibility was observed in 10.0% of Gram-negative and 18.5% of Gram-positive bacterial 
clusters. 
Conclusions: Antibiotic resistance and susceptibility of Gram-positive and Gram-negative 
pathogenic bacteria may significantly change over a period as short as 1-3 years. Continuous 
vigilance of such changes in a region may allow development of regional strategies for rational 
antibiotic use. 
 

 
Keywords: Antibiotic-susceptibility; antibiotic-resistance; equality of proportions test; Fisher’s exact 

test. 
 

1. INTRODUCTION 
 
With an estimated population of 14.4 million and 
a population density of about 45,000/ square km, 
Dhaka City, the capital of Bangladesh, is one of 
the most densely populated megacities of the 
world [1]. The warm and moist climate, 
congested living and working environments, 
inadequate preventive and curative healthcare 
infrastructures, lack of adequate clean drinking 
water, lack of adequate sewage and industrial 
waste disposal processes, low literacy and 
inadequate public awareness on infection risks 
[2], create an ideal condition for infections and 
rapid dissemination thereof, in the city. Infectious 
diseases are the most common maladies in 
Bangladesh and antibiotics are the most 
commonly prescribed medications in the city 
[3,4,5]. Antibiotics are dispensed mostly based 
on ‘best guess’ clinical assessment and not on 
diagnosis of the etiological agents [4,5] and, in 
some cases, irrationally [6]. Because of the 
severe shortage of qualified medical providers 
[7], antibiotics and other controlled drugs can be 
prescribed by underqualified or unqualified 
healthcare providers [7,8,9]. Self-medication, 
antibiotic abuse and use of antibiotics in treating 
viral or protozoan infections or non-infectious 
diseases have also been reported [10]. Although 
illegal, many drugstores in the country sell 
antibiotics without a prescription [11]. Lack of 
strict quality control of antibiotics, adulteration of 
drugs, incomplete dosing, and financial inability 
of many citizens to complete the prescribed dose 
of antibiotics [11] further complicate the issue. 
Although intensive animal farming and use of 
antibiotics in animal feed are yet not significant 
problems in Bangladesh, such farms are 
emerging [12]. Finally, most of the hospitals of 

the city are resource-strained and overcrowded 
with many patients and their personal caregivers. 
As expected, the rate of healthcare-associated 
infections in Dhaka is quite high [13]. All these 
factors may confer antibiotic resistance to 
pathogenic bacteria.  
 

The present study investigated if the antibiotic 
resistant pathogenic bacteria remain resistant to 
the antibiotics indefinitely under the ongoing 
environmental conditions or some of the resistant 
strains become antibiotic-sensitive over a 
reasonable time frame. 
 

2. MATERIALS AND METHODS 
 

2.1 Collection of Data on Antibiotic 
Susceptibility Pattern 

 

Data on antibiotic susceptibility of clinically 
relevant bacterial isolates was collected from the 
pathology and/or microbiology laboratories of two 
major hospitals. Data from BIRDEM General 
Hospital (122 Kazi Nazrul Islam Avenue, Dhaka 
1000) was from publicly available sources 
[14,15]. Data from Square Hospital Ltd. (18F, Bir 
Uttam Qazi Nuruzzaman Sarak, Dhaka 1205) 
was obtained as unpublished Monthly Reports 
(2009-2011). We obtained written permission 
from the Square Hospital to process, analyze, 
interpret and publish the processed data. The 
pathology/microbiology departments of the two 
hospitals isolated pure culture of the bacterial 
isolates from clinical samples, identified the 
strains using standard microbiological methods 
(colony morphology, staining, biochemical tests 
and immunochemical tests), and conducted                
drug susceptibility tests following standard            
techniques [16,17]. Drug susceptibility was                       
conducted typically using disc diffusion method 
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following the NCCLS guidelines [18]. The                     
discs were obtained from Oxoid (Oxoid Ltd., 
Basingstoke, Hampshire, UK). The discs                  
were tested on reference bacterial strains             
before using them to test the newly isolated 
strains [17]. 
 

2.2 Statistical Analyses 
 

We reorganized the obtained raw data to 
facilitate statistical analyses. For each hospital, 
tables were prepared showing the susceptibility 
(in percentage) of the bacterial isolates to the 
clinically relevant doses of the antibiotics. If 
resistivity was recorded, susceptibility was 
computed by subtracting resistance from 100. 
We wanted to investigate any significant changes 
of antibiotic-susceptibility between the two given 
time points for each of the isolates to each of the 
tested antibiotics. Here time point A precedes 
time point B. We performed statistical hypothesis 
testing procedure for equality of two proportions 
for two independent samples. Our hypothesis 
was: The proportion of susceptibility at the time 
point A is greater than that of the time point B. If 
the sample size is large enough, a ‘large sample 
procedure’ was performed. The test statistic that 
was computed for large samples is given by the 
Z-score, 
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size and proportion of susceptibility during Time 

Point A; Bn  and Bp̂  are sample size and 

proportion of susceptibility during time point B. 
The probability of observing a standard normal 
deviate value greater than Z0 was calculated. 
The right tail area exceeding 0.95 is indicative of 
a significant increase in susceptibility, while right 
tail area less than 0.05 is indicative of a 
significant decrease in susceptibility to the 
antibiotic. For large samples, 95% confidence 
intervals for difference in proportion were also 
calculated for all bacteria-antibiotic combinations 
and archived as supplementary data.  
 

If the sample size was small, Fisher’s exact test 
was performed. In Fisher’s exact the probability 
function is  
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Here, X denotes the number of occurrences in 
Time A, and n denotes the total number of 
occurrences. For an observed value of x, we 
calculated either P(X ≥ x) or P(X ≤ x). For brevity, 
the tables only show P(X ≥ x). Notably, in small 
sample situations, P(X ≥ x) > 0.95 is not 
necessarily a significant increase in susceptibility. 
For a small sample, the susceptibility                          
has increased significantly if P(X ≤ x) < 0.05,    
while it has decreased significantly if P(X ≥ x) < 
0.05. We considered a nominal significance    
level of 5% in drawing our conclusions. All 
calculations were done using MS Excel 
(Microsoft, Redmond, Washington, USA) and 
Minitab (Minitab Inc., State College, 
Pennsylvania, USA). 

 
3. RESULTS 
 
3.1 Reorganization of the Raw Data on 

Antibiotic Susceptibility 
 
The raw data on bacterial isolates susceptible to 
various antibiotics were reorganized to facilitate 
statistical analyses. A representative segment of 
the reorganized data is shown in Table 1. The 
rest of the processed data has been archived. 
The number of isolates at time point A and time 
point B, respectively, for BIRDEM Hospital were 
the following: 335 and 1,439 Escherichia coli 
isolates; 94 and 457 Klebsiella sp. isolates; 53 
and 324 Acinetobacter sp. isolates; 74 and 429 
Pseudomonas sp. isolates; 71 and 312 
Staphylococcus aureus isolates; and 275 and 
159 Enterococcus sp. isolates. The number of 
isolates at time point A and time point B, 
respectively, for Square Hospital were the 
following: 1,247 and 1,522 E. coli isolates; 383 
and 647 Klebsiella sp. isolates; 229 and 184 
Salmonella typhi isolates; 109 and 96 S. 
paratyphi A isolates; 66 and 118 Proteus sp. 
isolates; 48 and 110 Enterobacter sp. isolates; 9 
and 18 Citrobacter sp. isolates; 9 and 8 Serratia 
sp. isolates; 190 and 338 S. aureus isolates; 291 
and 464 coagulase-negative staphylococci 
(ConS) isolates; 248 and 423 Enterococci 
isolates; and 7 and 58 group D non-enterococci 
(GDNE) isolates. 
 
3.2 The Change in Antibiotic 

Susceptibility Observed at BIRDEM 
Hospital  

 
The change in antibiotic susceptibility of some 
pathogenic bacteria from Nov-Dec 2010 to Jan-
Jul 2012 as observed in BIRDEM Hospital is 



 
 
 
 

Fariba et al.; MRJI, 22(6): 1-10, 2017; Article no.MRJI.39626 
 
 

 
4 
 

shown in Table 2. The data indicates that the 
susceptibility of E. coli significantly decreased to 
augmentin but significantly increased to cefixime, 
co-trimoxazole, netilmicin, piperacillin and 
tazobactam-piperacillin; that of Klebsiella sp. 
isolates significantly decreased to colistin but 
significantly increased to piperacillin; that of 
Acinetobacter sp. isolates significantly decreased 
to amikacin, gentamicin, imipenem, and 
tazobactam-piperacillin but significantly 
increased to piperacillin; that of Pseudomonas sp. 
isolates significantly decreased to ceftazidime, 
ciprofloxacin, colistin, co-trimoxazole, gentamicin, 
imipenem, and netlimicin, but significantly 
increased to augmentin, piperacillin and 
nitrofurantoin; that of Staphylococcus aureus 
isolates significantly decreased to amikacin, 
augmentin, erythromycin, and rifamycin but 
significantly increased to cephalexin, netlimicin, 
nitrofurantoin, and oxacillin; and that of 
Enterococcus sp. isolates significantly decreased 
to amikacin and penicillin but significantly 
increased to nitrofurantoin. In total, 14 of the 54 
clusters (or 25.9%) of the Gram-negative isolates 
showed decreased susceptibility, and 10 of the 
54 (or 18.5%) of the Gram-negative isolates 
showed increased susceptibility. In the same 
hospital, 6 of the18 clusters (or 33.3%) of the 
Gram-positive isolates showed decreased 
susceptibility, and 5 of the 18 (or 27.8%) clusters 
of the Gram-positive isolates showed increased 
susceptibility. Antibiotic susceptibility of the                
rest of the isolate clusters (30 Gram-negative 
and 7 Gram-positive, or 51.4% of the 72              

isolate clusters) in this hospital remained 
unchanged. 
 

3.3 The change in Antibiotic 
Susceptibility Observed at Square 
Hospital  

 

The change in antibiotic susceptibility of some 
pathogenic Gram-negative bacteria from Jan-
Dec 2009 to Jan-Dec 2011 as observed in 
Square Hospital is shown in Table 3. The data 
indicates that the susceptibility of E. coli 
significantly decreased to amikacin, cefepime, 
cefixime, ceftriaxone, cefuroxime, ciprofloxacin, 
imipenem, and nitrofurantoin; that of Klebsiella 
sp. isolates significantly decreased to amikacin, 
imipenem, and nitrofurantoin, that of Salmonella 
typhi isolates significantly decreased to 
ciprofloxacin; that of Salmonella paratyphi A 
isolates significantly increased to ampicillin and 
co-trimoxazole; that of Proteus sp. isolates 
significantly decreased to cefuroxime, that of 
Enterobacter sp. isolates significantly increased 
to co-trimoxazole, and that of Serratia sp. 
isolates significantly increased to tetracycline. In 
total, 14 of the 86 clusters (or 16.3%) of the 
Gram-negative isolates showed decreased 
susceptibility, and 4 of the 86 clusters (or 4.7%) 
of the Gram-negative isolate clusters showed 
increased susceptibility to some of the tested 
antibiotics. The susceptibility of 68 of the 86 
clusters (79.1%) of Gram-negative bacterial 
isolates remained unchanged to the other tested 
antibiotics. 

 
Table 1. An example of processed data showing changes in antibiotic susceptibility of a 

bacterial pathogen (Escherichia coli) isolated at BIRDEM between the time periods Nov-Dec 
2010 (point A) and Jul-Dec 2012 (point B) 

 

Antibiotics Point A (n=335) Point B (n=1280) Test (pA>pB) right tail prob. Change* 

Amikacin 85.16 87.90 0.9130 NC 

Augmentin 16.52 7.9 0.0000 D 

Cefixime 12.00 29.1 1.0000 I 

Ceftazidime 35.25 31.3 0.0815 NC 

Ceftriaxone 30.45 30.0 0.4358 NC 

Ciprofloxacin 19.10 18.8 0.4497 NC 

Co-trimoxazole 34.59 40.2 0.9709 I 

Gentamicin 68.79 66.3 0.1919 NC 

Imipenem 97.91 97.1 0.2071 NC 

Netilmicin 65.44 76.6 0.9999 I 

Nitrofurantoin 86.03 84.1 0.5704 NC 

Piperacillin 0 70.06 1.0000 I 

Tazo-piperacillin 50 76.60 1.0000 I 
*- NC- not changed, I- significantly increased, D- significantly decreased 



 
 
 
 

Fariba et al.; MRJI, 22(6): 1-10, 2017; Article no.MRJI.39626 
 
 

 
5 
 

Table 2. Change in the susceptibility pattern of gram-positive and gram-negative bacteria isolated between Nov-Dec 2010 and Jul-Dec 2012 from 
pathogenic samples collected at BIRDEM. Shown are the right tail probabilities 

 

Antibiotics E. coli Klebsiella sp. Acinetobacter sp. Pseudomonas sp. S. aureus Enterococcus sp. 

Amikacin 0.9130 0.0967 0* 0.0244* 0.035* 0.0064* 

Ampicillin N/A N/A N/A N/A N/A 0.7736 

Augmentin 0* 0.4702 0.8824 0.9775‡ 0.005* NA 

Cephalexin NA NA NA NA 0.9999‡ NA 

Cefixime 1.0000‡ 0.2871 0.9255 NA NA NA 

Ceftazidime 0.0815 0.6031 0.5163 0* NA NA 

Ceftriaxone 0.4358 0.5700 0.3547 0.4983 NA NA 

Ciprofloxacin 0.4497 0.7629 0.4865 0.0026* NA NA 

Colistin N/A 0* 0.1088 0* NA NA 

Co-trimoxazole 0.9709‡ 0.5073 0.9323 0* NA NA 

Erythromycin NA NA NA NA 0.0256* NA 

Fusidic acid NA NA NA NA 0.5547 NA 

Gentamicin 0.1919 0.4571 0.0161* 0.0257* 0.8871 0.5166 

Imipenem 0.2071 0.1968 0* 0* NA NA 

Netilmicin 1.0000‡ 0.6571 0.8646 0.0154* 1.000‡ 0.177 

Nitrofurantoin 0.5704 0.4649 0.2839 1.0000‡ 0.9895‡ 0.9470‡ 

Oxacillin NA NA NA NA 0.9993‡ NA 

Penicillin NA NA NA NA NA 0.0016* 

Piperacillin 1.0000‡ 1.0000‡ 0.9811‡ 0.9998‡ NA NA 

Tazo/piperacillin 1.0000‡ 0.0793 0* 0.353 NA NA 

Rifamycin NA NA NA NA 0.0090* NA 

Vancomycin NA NA NA NA AS 0.9172 
‡-The susceptibility increased significantly; *-The susceptibility decreased significantly; AS- 100% of the isolates were sensitive during both time periods; NA- Data not 

available 
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Table 3. Change in the antibiotic susceptibility pattern of gram-negative bacteria between Jan-Dec 2009 and Jan-Dec 2011 from pathogenic 
samples collected at Square Hospital. Shown are the right tail probabilities and conclusions 

 
Antibiotics E. coli  Klebsiella sp. S. typhi  S. parat.  Proteus sp.  Enterobacter sp. Citrobacter sp.†  Serratia sp.† 
Amikacin 0.0000* 0.0000* NA NA 0.4251 0.6012 0.6954 1.0000 
Amoxiclav 0.0782 0.9159 NA NA 0.1187 0.2238 0.9642 0.5294 
Ampicillin NA NA 0.3254 1.0000‡ NA NA NA NA 
Cefepime 0.0075* 0.5864 AS 0.8243 0.5117 0.732 0.6716 1.0000 
Cefixime 0.0044* 0.4253 AS 0.8243 0.0601 0.4953 0.9358 1.0000 
Ceftriaxone 0.0099* 0.5125 AS 0.8243 0.5976 0.682 0.8379 1.0000 
Cefuroxime 0.0019* 0.4248 NA NA 0.0127* 0.7577 0.9341 0.5633 
Ciprofloxacin 0.0270* 0.4624 0.0133* 0.7916 0.3576 0.8963 0.9765 0.7353 
Co-trimox. 0.8685 0.562 0.8810 0.9999‡ 0.1722 0.9518‡ 0.6716 0.8167 
Gentamicin 0.8580 0.7995 NA NA 0.2801 0.6756 0.8379 1.0000 
Imipenem 0.0161* 0.0000* AS AS 0.9089 0.6901 0.279 AS 
Nitrofurantoin 0.0007* 0.0000* NA NA 0.0242 0.5827 0.2438 NA 
Tetracycline 0.2462 0.8955 NA NA 0.1029 0.8899 0.8294 0.9910‡ 

‡-The susceptibility has increased significantly; *-The susceptibility has decreased significantly; AS- 100% of the isolates were sensitive during both time periods; NA-Data not 
available. S. typhi-Salmonella typhi, S. parat.-Salmonella paratyphi A. †- Based on Fisher’s exact test due to small sizes of samples. For small samples, the susceptibility is 

considered to have increased significantly if P(X ≤ x) < 0.05, or decreased significantly if P(X ≥ x) < 0.05 (i.e. the right tail probability value of 1.0000 does not necessarily mean 
a change in drug susceptibility). 
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Table 4. Change in the antibiotic susceptibility pattern of gram-positive bacteria between Jan-
Dec 2009 and Jan-Dec 2011 from pathogenic samples collected at Square Hospital. Shown are 

the right tail probabilities and conclusions 
 

Antibiotics S. aureus CoNS Enterococci GDNE†  
Cefuroxime 0.0017* 0.9994‡ NA NA 
Ciprofloxacin 0.0003* 0.1234 0.9791‡ 0.0138* 
Co-trimoxazole 0.0033* 0.0984 NA NA 
Gentamicin 0.0789 0.3842 0.3473 0.7064 
Linezolid AS AS 0.9035 AS 
Nitrofurantoin 0.8647 0.1682 0.9999‡ AS 
Oxacillin 0.0010* 0.9999‡ NA NA 
Penicillin 0.2365 0.5 0.9999‡ 0.8923 
Rifampicin 0.0104* 0.197 0.7279 0.6267 
Tetracycline 0.2142 0.0055* NA NA 
Vancomycin AS AS 0.7527 AS 

‡-The susceptibility has increased significantly; *-The susceptibility has decreased significantly; AS-100% of 
isolates were sensitive during both time periods; NA-Data not available. CoNS- coagulase-negative staphylococci 

isolates; GDNE- group D non-enterococci. †-Based on Fisher’s exact test due to small sizes of samples. For 
small samples, the susceptibility is considered to have increased significantly if P(X ≤ x) < 0.05, and decreased 

significantly if P(X ≥ x) < 0.05 
 
The change in antibiotic susceptibility of some 
pathogenic Gram-positive bacteria from Jan-Dec 
2009 to Jan-Dec 2011 as observed in Square 
Hospital is shown in above Table 4. The data 
indicates that the susceptibility of S. aureus 
isolates significantly decreased to cefuroxime, 
ciprofloxacin, co-trimoxazole, oxacillin and 
rifamycin; that of coagulase-negative 
staphylococci (CoNS) isolates significantly 
decreased to tetracycline but significantly 
increased to cefuroxime and oxacillin; that of 
Enterococci isolates significantly increased to 
ciprofloxacin, nitrofurantoin and penicillin; and 
that of group D non-enterococci (GDNE) isolates 
significantly decreased to ciprofloxacin. In total,     
7 of the 36 clusters (or 19.4%) of the Gram-
positive bacterial isolates showed decreased 
susceptibility, and 5 of the 36 clusters (or 13.9%) 
of the Gram-positive isolates showed increased 
susceptibility to some of the tested antibiotics. 
Antibiotic susceptibility of 24 of the 36 (or 66.7%) 
of the Gram-positive bacterial isolate clusters 
remained unchanged to the other tested 
antibiotics. 
 

4. DISCUSSION 
 
Antibiotic resistance of pathogenic bacteria has 
reached a crisis point, and improper use of 
antibiotics has been identified as a major 
contributor to the crisis [19,20]. We attempted to 
examine the dynamics of bacterial drug 
susceptibility patterns in Dhaka City where 
improper use of antibiotics is common [21]. 
When improperly used, the antibiotics select the 

resistant strains and the resistant strains soon 
disseminate in the population. Lateral DNA 
transfer further assists the spread of antibiotic 
resistance [22]. The infections caused by the 
resistant strains result in increased 
hospitalizations, treatment failures and increased 
mortality [23]. This may explain the rapid change 
in antibiotic resistance among pathogenic 
bacteria. In the present study, many of the 
bacterial isolates obtained at time point B 
showed significantly decreased susceptibility to 
21 of the 28 antibiotics, compared to the isolates 
of the same taxonomic groups collected at time 
point A, within about 1-3 years. In the two 
different hospitals, the drug-susceptibility 
changes were observed in some identical and 
some non-identical species. For example, a 
significant increase in susceptibility of E. coli to 
cefixime was observed in BIRDEM Hospital, but 
in Square Hospital, the same species was found 
to have a significant decrease of susceptibility to 
the same drug. This can be explained by the 
poorly defined species boundaries among 
bacteria, rapid horizontal gene transfer among 
related and unrelated bacterial species, and the 
preponderance of random genetic drift within the 
populations of bacterial species [24], 
amplification of the drug-resistance genes of the 
genome [25], and most certainly other unknown 
processes. 
 
Bacteria tends to carry a precise genome with a 
very few genome-wide repeats and pseudogenes 
[24]. In the absence of a selective pressure, 
bacteria rapidly lose genes through a process 
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known as deletional bias [25,26]. In a country like 
Bangladesh, where agricultural use of antibiotics 
(and thus the concentration of contaminating 
environmental antibiotics) is insignificant, 
selective pressure through antibiotic use can, at 
best, be transitional. Thus, rapid changes in 
antibiotic susceptibility (i.e. increased antibiotic 
susceptibility of some previously resistant 
strains) can also be expected. In the present 
study, many of the bacterial isolate-clusters 
showed significantly increased susceptibility to 
14 of the 28 tested antibiotics within about a two-
year period. However, as were the cases for 
changes in drug-resistance, the changes in drug-
susceptibility were observed, in some same or 
some different species in the two hospitals. For 
example, S. aureus showed a significant 
increase in susceptibility to oxacillin in BIRDEM 
Hospital, but the same species showed a 
significant decrease in the susceptibility to the 
same drug in Square Hospital. This again can be 
reconciled by the unusual structure of                    
bacterial species boundary, and random                
genetic drift among small populations of bacteria 
[24,27]. Laehnemann and coworkers [25] 
recently observed that the copy number of                  
the amplified antibiotic resistance genes                
rapidly drops from the genome of                   
antibiotic-resistant bacteria after removal of the 
antibiotics.  

 
This study showed that pathogenic bacteria can 
become more resistant or more susceptible to 
commonly used antibiotics in a relatively short 
time. In this study, a higher fraction of the 
isolates (i.e. 41 of the 194 or 21.1%) showed 
reduced susceptibility to the antibiotics, 
compared to isolate clusters (24 of 194, or 
12.4%) that became more susceptible to the 
antibiotics. In this study 13 of the 54 isolate 
clusters (or 24.1%) of Gram-positive bacteria 
became less susceptible, and 10 of the 54 isolate 
clusters (or 28.5%) of Gram-positive bacteria 
became more susceptible to some of the 
antibiotics. In the same time span, 28 of 140 
isolate clusters (or 20.0%) of Gram-negative 
bacteria became less susceptible (i.e. more 
resistant), and 14 of 140 isolate clusters (or 
10.0%) of the Gram-negative bacteria became 
more susceptible to some of the antibiotics. 
Thus, the study indicated that drug susceptibility 
or resistance changed more rapidly among 
Gram-positive bacteria compared to the Gram-
negative bacteria. Antibiotic susceptibility or 
resistance of a large majority (129 of 194, or 
66.5%) of the isolate clusters remained 
unchanged in the study period.  

Although rapid increase of antibiotic susceptibility 
of pathogenic bacteria is good news, we are 
uncertain about the clinical utility of these 
observations, given the rapidity of genetic 
changes among pathogenic bacteria [27,28]. We 
also acknowledge the limitations imposed by the 
modest sample size of this study. Despite these 
shortcomings, it is tempting to suggest that a 
new strategy of antibiotic use may prevent some 
currently ineffective but previously effective 
antibiotics from going obsolete. The global crisis 
of bacterial drug-resistance most certainly will 
require non-conventional or “practical not perfect” 
mitigation approaches [29]. The strategy 
proposed here is one that may ask a complete 
withdrawal of antibiotics that are having 
increased incidences of resistance only to 
release the drugs after a period when the drugs 
are found more uniformly effective. Such a 
rational approach is consistent with the executive 
summary items 3 and 4 of The Chennai 
Declaration [30] to tackle the global microbial 
drug-resistance problem. It has been recently 
observed that plasmid-mediated antibiotic 
resistance may linger in the bacterial populations 
in the absence of antibiotic-based selection 
pressure because of a relatively high rate of 
conjugation among bacteria [31]. Thus, periodic 
stoppage of antibiotics use alone may not 
eliminate bacterial antibiotic resistance. 
However, such an approach, together with 
application of regimens that may induce plasmid 
loss and inhibit bacterial conjugation [31] may 
substantially reduce the burden of the resistance 
genes and help keep the relevant antibiotics and 
their manufacturing processes from going 
obsolete. 
 

5. CONCLUSION 
 
We collected data on antibiotic susceptibility 
pattern of pathogenic Gram-positive and Gram-
negative bacterial isolates from two hospitals for 
over a period of about three years. Our study 
indicates that both antibiotic susceptibility and 
resistance of Gram-positive and Gram-negative 
bacterial pathogens may significantly change 
over a period as short as 12-36 months. Such a 
quick flux may offer opportunity of devising 
strategies of rational antibiotic use in some 
developing countries. Since antibiotic-resistant 
pathogens may turn antibiotic-sensitive over     
time even in an environment where antibiotic 
abuse is common, continuous vigilance on 
bacterial antibiotic-susceptibility may keep 
effective and affordable antibiotics clinically 
relevant. 
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