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Purpose: Salmonella Enteritidis (SE) and Salmonella Typhimurium (STM) are the serovars most frequently associated with human 
illness. Ciprofloxacin is most widely used to manage cases in adults. The present study aimed to evaluate the in vitro antibacterial 
activity of leading brands of ciprofloxacin (tablets) marketed in Bishoftu city against SE and STM serovars, and field isolates of 
Salmonella (non-serotyped) from dairy milk in central Ethiopia.
Methods: Five most widely prescribed ciprofloxacin brands (A-E) were subjected to in vitro efficacy evaluation against Salmonella 
isolates by using the disc diffusion method. The zone of inhibition (ZI) of the tested brands was compared with the standard disc and 
interpreted as susceptible, intermediate, and resistant.
Results: Out of 27 replicates (SE, STM, and field Salmonella isolates each = 9) tested for efficacy, the result revealed the mean ZI of 
the brands varies for all tested isolates (p < 0.05). The highest mean was recorded for Brand E (24.7±0.71, 24.3±0.50, and 19.5±2.69) 
and lowest for Brand A (22.0±0.87, 21.0±0.87, and 10.7±1.4) for field Salmonella isolates, STM and SE, respectively. All SE were 
resistant to four brands (Brand A-D) whereas 67% and 33% of them were resistant and intermediate to Brand E, respectively. 
Similarly, 33% of STM were resistant to Brand A while all the STM were intermediate to other brands. Furthermore, all non-serotyped 
field isolates of Salmonella were intermediate to all five tested ciprofloxacin brands with variable ranges of mean of ZI (p<0.05).
Conclusion: The study revealed that Brand E was found to have relatively better efficacy against SE than other brands. The current 
study warrants a need for periodic surveillance of both the quality and efficacy of antibiotics to improve patient well-being and 
minimize the risk of antimicrobial resistance.
Keywords: antibacterial activity, ciprofloxacin brands, disc diffusion, resistance, Salmonella isolates

Introduction
Ciprofloxacin, a synthetic group of fluoroquinolones,1 is one of the most important antibiotic medications needed in the 
basic healthcare system. It is available in the list of essential medicines of the World Health Organization (WHO)2 and 
Ethiopia.3 It is available as a generic medication4 and is a first-line drug to manage enteric fever caused by the serovars 
most frequently associated with human illness [Salmonella Enteritidis (SE) and Salmonella Typhimurium (STM)].5

Generic drugs play key roles in decreasing health care costs,6,7 and they must be chemically and biopharmaceutically 
equivalent in comparison to the innovator drug.4,8 However, their qualities are in doubt in the case of resource-poor and 
developing countries.9 Generic antibiotics are widely used in healthcare facilities, which have become increasing the 
development of resistance by many common pathogens.8 The emergence of multidrug-resistant (MDR) strains became 
a major issue, resulting in the widespread use of ciprofloxacin as first-line therapy for adults infected with Salmonella 
species as well as MDR S. Typhi and S. Paratyphi.10–12 Reports indicate that inferior quality or substandard drugs are 
circulating in the market in the different developing world, and selling of such drugs has been widely reported in Africa, 
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Asia, and Latin America.13 In 2003, the WHO reported that about 28% of fake antibiotics were reported between 1999 
and 2002.14

The clinical efficacy of drug products can be ensured when their quality is reliable and reproducible.15,16 One under- 
recognized driver of antimicrobial resistance (AMR) is substandard and falsified (SF) or poor-quality medicines which 
can favor the selection of antibiotic-resistant strains9,17 and treatment failure.18 Substandard medicines are those that fail 
to meet standards or specifications of quality, while falsified medicines deliberately or even fraudulently misrepresent 
their identity, composition, or source.19 In various developing countries, poor-quality medicines is a public health 
concern and may have a significant impact on the national clinical and economic burden.20 A comprehensive analysis 
conducted in 2018 found that more than 12% of antibiotics circulating in low- and middle-income countries (LMICs) are 
SF medicines,13 suggesting a need for drug manufacturers to test their products during and after manufacturing to ensure 
the requisite quality.16

Despite the above facts, the information on the in vitro antibacterial activity of commonly used brands of cipro-
floxacin in Bishoftu city in particular, and in Ethiopia in general, is absent. Thus, the availability of recent information is 
important to know the present trends of ciprofloxacin brands against pathogenic Salmonella strains, where ciprofloxacin 
is the first-line drug for the treatment of adult human salmonellosis. Therefore, this study aimed to evaluate and compare 
the efficacy of five leading brands of ciprofloxacin tablets commonly used in Bishoftu city, central Ethiopia against 
Salmonella serovars most frequently associated with human illness.

Materials and Methods
Study Area
The study was conducted in Bishoftu city, central Ethiopia. Laboratory investigation was also conducted in the veterinary 
pharmacology laboratory of the College of Veterinary Medicine and Agriculture, Addis Ababa University. The town is 
located in central Ethiopia and about 47km southeast of Addis Ababa at an elevation of 1920 meters. The area is 
characterized by mild subtropical with the average minimum and maximum temperatures ranging from 5.5°C and 
23.5°C, respectively. The city is home to multi-government institutions including two General Hospitals and six health 
centers and commercial dairy and chicken farms.

Test Organisms
The test pathogens used in this study were obtained from the National Veterinary Institute (S. Enteritidis [SE] and S. 
Typhimurium [STM]) and the randomly selected non-serotyped Salmonella species isolated from milk of smallholder 
dairy farms in Modjo town, central Ethiopia. The organisms were refreshed on Nutrient Agar media. The media was 
prepared according to the manufacturer’s specifications21 and fresh cultures were used for the sensitivity test.

Drugs, Media, and Reagents
Five commercially available leading brands of ciprofloxacin hydrochloride tablets, each with a label of 500mg, were 
purchased from a single retail registered pharmacy in Bishoftu city, central Ethiopia. These brands are the leading 
products commonly prescribed by health professionals to treat salmonellosis in adults and vary in their prices. Detailed 
information about the brands is shown in Table 1 and Table 2. Unless otherwise specified, all the media and reagents used 
were of standard grade and obtained from chemical and media importer companies in Ethiopia. Media used in this study 
included Rappaport Vassiliadis Salmonella Enrichment Broth, Xylose lysine Desoxycholate agar (XLD), Salmonella 
Shigella (SS) agar, Nutrient Agar (NA), Tryptone soya broth and Mueller–Hinton agar.

Preparation of Antibiotic Discs
Antibiotic discs were prepared following the recommendations of Vineetha et al.22 The stock and working solutions were 
prepared for each brand using distilled water as per the recommendation by CLSI (2020) for ciprofloxacin.23 The average 
weight of the tablet for each brand was determined by expecting 500mg of active ingredient present in a tablet. The 
known weight of the antibiotic for each brand was dissolved in sterile distilled water (100mg/2mL) to obtain the stock 
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solution. First, the ciprofloxacin tablet was powdered and 100mg was weighed and dissolved in 2mL of sterile distilled 
water to prepare a stock solution that contains (50mg/mL) or (50µg/μL) concentrations. Then, the stock solution was 
diluted at the time of disc preparation to obtain the working solution. The concentrations of antibiotic solutions were 
expressed in μg/μL. The working solution was prepared using the dilution formula:

where, C1 = Concentration of stock solution, V1 = Volume of stock solution; C2 = Concentration of working solution and 
V2 = Volume of working solution.

Then, to prepare 2mL (V2) of the working solution which contains a concentration of 5μg/20μL (C2 = 0.25μg/μL) 
from a stock solution of 50μg/μL concentration (C1), we measured 10μL (V1) volume of stock solution with micro- 
pipette and added on a test tube containing 2mL of sterilized distilled water. A paper disc of 6mm diameter can absorb 
20μL of solutions during impregnation.22 Hence, we measured 20μL from 0.25μg/μL working solution to obtain 5μg of 
ciprofloxacin (0.25μg concentration of drug in 1μL of working solution, 0.25μg/μL × 20μL = 5μg).

Impregnation of discs was done after discs of approximately 6mm diameter were prepared from a Whatman No.1 
filter paper using a hole-punching machine. The discs were wrapped in aluminum foil and sterilized in the hot oven at 
180°C for 1 h. The impregnated discs were placed in petri-dishes approximately 5mm apart. Using a mechanical pipette, 
a fixed volume of 20μL (which contains 5μg of the active ingredient) was loaded on each disc. This concentration was 
equivalent to the recommended standards according to guidelines of Clinical and Laboratory Standard Institute (CLSI).23 

Finally, without covering the petri-dishes, the discs were allowed to dry in a clean incubator at 37°C for 4 h. After drying, 
30–35 discs were placed in small sterile air-tight labeled containers with CaCl2 (desiccant) at the bottom. The discs were 
stored in a freezer at −20°C. The discs were removed from the freezer 2 h prior to usage so that the amount of 
condensation that may occur when warm room air reaches the cold containers.22

Inoculum Preparation and Inoculation
The disc diffusion test was adopted following previous analysis24 using tryptone soy broth and nutrient broth. Colonies of 
the non-serotyped Salmonella isolates, S. Enteritidis (SE) and S. Typhimurium (STM) were inoculated into 5mL of the 
broths and incubated at 35°C. A turbidimeter was used to monitor the turbidity of the broth cultures. Immediately the 

Table 1 Brands of Ciprofloxacin Tested for Efficacy

Brand Name Strength Manufacturers and Country of Origin

Ciprodenk 500mg C.P.M Contract Pharma Gmbh And Co.KG, Germany
Ciprokin 500mg Flamingo pharmaceuticals limited, India

Floxine 500mg Huons co.Ltd, South Korea

Sandoz 500mg Novartis company, Romania
Zindolin 500mg Remedica, Cyprus

Notes: All the brands contain 500mg of ciprofloxacin in a tablet and have a shelf life of more than 2 
years at the time of sampling.

Table 2 Prices (in ETB) of Different Brands of 
Ciprofloxacin Sold in Bishoftu City, Ethiopia

Brand Name Amount Price of Full  
Dosage (in ETB)

Brand A Full regimen 30.00
Brand B Full regimen 65.00

Brand C Full regimen 75.00

Brand D Full regimen 165.00
Brand E Full regimen 280.00

Abbreviation: ETB, Ethiopian birr.
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turbidity exceeded the McFarland 0.5 standard, the incubation was stopped. The broth culture was then diluted 1:10 with 
a freshly prepared nutrient broth to give the amount of approximately 1–2×108 CFU/mL (colonies per millimeter).25

After proper turbidity equivalent to the density of a McFarland 0.5 standard was achieved, a new sterile cotton swab 
was submerged in the suspension, lifted out and the excess fluid was removed by pressing and rotating the swab against 
the wall of the tube. The swab was then used to inoculate the entire surface of the supplemented Mueller Hinton (MH) 
agar plate three times, rotating the plate 60 degrees between each inoculation. The inoculum was allowed to dry before 
the discs are placed on the plates. The discs were placed on the agar with sterile forceps and tapped gently to ensure 
adherence to the agar. The plates containing the disks were incubated at 35°C for 16 to 18 h in an inverted position in 
a 5% CO2 incubator.22

In vitro Antimicrobial Efficacy Evaluation
The antimicrobial efficacy of five brands of ciprofloxacin sold in the Bishoftu markets was evaluated on SE, STM and 
other non-serotyped Salmonella isolates using the agar-disc diffusion method following the Performance Standards for 
Antimicrobial Susceptibility Testing guidelines recommended by CLSI (2020).23 MH agar (Oxoid, UK) was used for 
sensitivity analysis as it shows good batch-to-batch uniformity.26 This medium is also effective to grow only the target 
bacterial species for study by inhibiting the growth of other alternative bacterial species.26 The disc diffusion method is 
based on the determination of the zone of inhibition (ZI) proportional to the bacterial susceptibility to the antimicrobial 
present in the disc. The diameter of this ZI around the antimicrobial disc depends on the concentration of antibiotics in 
the disc and its diffusibility.27 The ZI diameter breakpoints around the discs were measured to the nearest whole 
millimeter using a digital caliper, and the isolates were classified as susceptible (≥31), intermediate (21–30), and resistant 
(≤20) according to the interpretative standards where the breakpoints for ciprofloxacin are based on a dosage regimen of 
400 mg IV or 500mg orally administered every 12 h.23

Data Analysis
The raw data were entered and managed in a Microsoft Excel 365 worksheet and descriptive statistics and graphical 
presentation were utilized to summarize the data. STATA version 17 statistical software was used to analyze the standard 
deviations (SD) and 95% confidence interval. Pearson’s chi-square test was used to detect the association between 
parameters ZI and drug efficacy. To consider a result to be statistically significant 95% CI and p-value <0.05 was taken.

Results
The efficacy of five brands of ciprofloxacin tablets commonly sold in pharmacies found in Bishoftu city was determined 
using the diameter of ZI on SE and STM serovars and non-serotyped Salmonella species isolated from cow milk. A total 
of 27 isolates of Salmonella were tested for susceptibility to brands of ciprofloxacin. To test the individual brand efficacy, 
the mean of ZI against SE, STM and other non-serotyped Salmonella isolates was measured, and the results were 
compared with the value set to standard Ciprofloxacin 0.5 µg disc (Table 3).

The results of the current study revealed that the activity of five brands of ciprofloxacin significantly varies among the 
tested Salmonella strains (p < 0.05) (Table 3). Of the brands tested for efficacy, the highest mean ZI (24.7±0.71, 24.3 
±0.50, and 19.5±2.69) was recorded for Brand E against all tested isolates (non-serotyped field Salmonella isolates, STM 
and SE, respectively). Conversely, the lowest ZI was recorded for Brand A (22.0±0.87, 21.0±0.87, and 10.7±1.4) for non- 
serotyped field Salmonella isolates, STM and SE, respectively (Table 3).

The study result indicated that of 9 SE tested against different brands of Ciprofloxacin tablets, all (100%) of SE were 
resistant to four brands (Brand A-D) while 6 (67%) were resistant and 3 (33%) were intermediate susceptible to Brand 
E (Table 4). Similarly, of 9 STM tested against five brands, 33% and 67% of them were resistant and intermediate 
susceptible to Brand A, respectively, while all the STM were intermediate to the other four brands (Brand B-E). 
Furthermore, the current results of efficacy evaluation of ciprofloxacin brands against non-serotyped field isolates of 
Salmonella indicated that all of them were intermediate susceptible to all five brands (Brand A, B, C, D, and E), 
respectively, with the increasing zone of inhibition (Table 4).
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The susceptibility of isolates to the standard Ciprofloxacin 5µg disc showed that 56% of SE, 89% of STM and 78% of 
non-serotyped Salmonella isolates were intermediate susceptible, while 44% of SE demonstrated resistance; and 10% of 
STM and 22% of non-serotyped Salmonella isolates showed susceptible (Table 4). Though the clinical interpretation of 
the breakpoints of brands of ciprofloxacin did not show any difference for non-serotyped Salmonella isolates, the study 
finding indicated there was a statistically significant difference in the antimicrobial efficacy among the tested brands 
compared to the standard (p < 0.05) (Table 4).

Discussion
Antibiotics must be safe, effective and of acceptable quality to use in both human and veterinary medicines.28–31 

A generic version of a drug must use the same active ingredient(s) as the brand name drug and it must meet the same 
quality and safety standards.32 To the best of our knowledge, this study is the first report from Ethiopia that evaluated the 
efficacy of leading brands of ciprofloxacin against S. Enteritidis, S. Typhimurium, and animal food source non-serotyped 
Salmonella isolates. Furthermore, no published and/or accessible study was conducted elsewhere on in vitro efficacy 
evaluation of different brands of ciprofloxacin on different Salmonella species. Hence, the study result in this discussion 

Table 3 Mean Zone of Inhibition of Different Brands of Ciprofloxacin Against 
Salmonella Serovars and Non-Serotyped Field Isolates

Antibiotic 
Tested

Mean ZI ± SD (mm)

S. 
Enteritidis

S. 
Typhimurium

Salmonella from 
Milk  

(Non-Serotyped)

Brand A 10.7a ± 1.414 21.0a ±0.866 22.0a ±0.866

Brand B 12.0b ±1.118 21.7b ±0.707 23.7b ±0.707
Brand C 12.7c ±1.50 22.3c ±1.00 23.7c ±0.866

Brand D 14.0d ±1.00 23.7d ±0.707 24.3d ±0.707

Brand E 19.5e ±2.697 24.3e ±0.50 24.7e ±0.707
CIP 20.6f ±3.041 25.9f ±2.488 28.3f ±2.554

Notes: a–fMeans within the same column carrying different superscripts are significantly different 
at p < 0.05. 
Abbreviations: CIP, standard ciprofloxacin 5µg disc; ZI, zone of inhibition; SD, standard deviation.

Table 4 Antibiotic Susceptibility Profile of S. Enteritidis, S. Typhimurium and Non-Serotyped Salmonella Isolated from Dairy 
Farms (n = 27) Against Brands of Ciprofloxacin

Antibiotic Tested Antibiotic Susceptibility Profile of the Test Bacteria

S. Enteritidis (n = 9) n (%) S. Typhimurium (n = 9) n (%) Non-Serotyped Salmonella (n = 9) 
n (%)

R I S R I S R I S

Band A 9 (100) - - 3 (33.3) 6 (66.7) - - 9 (100) -
Band B 9 (100) - - - 9 (100) - - 9 (100) -

Band C 9 (100) - - - 9 (100) - - 9 (100) -

Band D 9 (100) - - - 9 (100) - - 9 (100) -
Band E 6 (66.7) 3 (33.3) - - 9 (100) - - 9 (100) -

CIP* 4 (44.4) 5 (55.6) - - 8 (88.9) 1 (11.1) - 7 (77.8) 2 (22.2)

P-value (Chi2) 0.001 (20.5435) 0.022 (20.8800) 0.000 (54.0000)

Notes: Breakpoints for SE, STM and non-serotyped Salmonella isolates susceptibility profile is according to CLSI guidelines.23 

Abbreviations: CIP, ciprofloxacin 5µg disc; R, resistant (≤ 20 mm); I, intermediate (20–30 mm); S, susceptible (≥ 31 mm).
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could not be compared with previous study findings. However, the specific mean ZI diameter for different brands of 
ciprofloxacin were compared with commercially available standard ciprofloxacin disc.

Our study on the comparative antibacterial activity evaluation of five brands of ciprofloxacin showed a considerable 
difference in mean of ZI diameter among the brands. In our current study we found that Brand E was found to have higher 
mean ZI diameter than all brands of Ciprofloxacin tested on S. Typhimurium, S. Enteritidis and non-serotyped field 
Salmonella isolates. Similarly, the present findings showed Brand E has comparable efficacy against S. Enteritidis 
compared to the ciprofloxacin standard disc. The amount of active ingredients found in Brand E compared to other brands 
could be a reason for higher mean ZI, which directly correlates with the efficacy of drugs. The findings also demonstrated 
that the efficacy of Brand D, Brand C, Brand B, and Brand A (Brand D-A) tested against S. Enteritidis was low (resistant) 
with decreasing the mean ZI diameter, respectively. On top of this, all non-serotyped field Salmonella isolates were 
intermediate susceptible to all brands (Brand E, D, C, B and A) with a decreasing order of mean of ZI diameter, respectively. 
Similar results were also recorded for the susceptibility profile of S. Typhimurium (intermediate) with 33% resistance and 
67% intermediate were recorded for Brand A. The current study findings indicate that there is difference in efficacy among 
five brands of ciprofloxacin sold in Ethiopia. Relatively better efficacy is expected from Brand E against salmonellosis 
caused by S. Enteritidis, whereas the efficacy increases from Brand A to Brand E or (Brand A < Brand B < Brand C < Brand 
D < Brand E) against S. Typhimurium and non-serotyped field Salmonella isolates.

The efficacy of different brands of ciprofloxacin tested in this study was directly related to the percent of inhibition to 
the test organism ie, the more the drug inhibits the test bacteria, the higher the efficacy of the drug.33 In this study, we 
observed differences in efficacies of brands of Ciprofloxacin sold in Bishoftu, Ethiopia, which differs in their effective-
ness depending on their brands or manufacturers. This is due to the difference in their manufacturing process and/or the 
active ingredient of the drugs is believed to be the major factor.16 This difference in the quality of drugs can create a great 
difference in the price of drugs in the market.

The findings of the current study revealed that drugs with lower prices show lower mean of ZI diameter and drugs 
with higher prices found with better efficacy as indicated in Table 2 and Table 3. The study showed Brand E, with the 
highest price of 280.00 ETB per full dosage regimen (Table 2), was found the highest mean ZI diameter and first-ranked 
efficacious drug that showed 33% intermediate susceptibility of S. Enteritidis to the drug as compared to other brands. 
Whereas Brand A with price of 30 ETB (ie, cheapest of all brands) was found the least mean of ZI diameter with 100% 
resistance of S. Enteritidis to the drug. This could be due to the difference in the quality of active ingredients found in 
these different brands of Ciprofloxacin. Our current study is supported by other previous report.34

The differences in mean of ZI diameter among different brands of some antibiotics constitute a potential danger both 
to human and animal health. Most developing and underdeveloped countries are suffering from the direct and indirect 
effects of poor-quality drugs to a high degree.16 Administering fake and/or low-quality drugs could result in therapeutic 
failure, toxicity or allergic reactions due to their content, drug resistance, prolonged illness, high cost of treatment, and 
even mortality which all can directly or indirectly influence public health. This is directly related to most societies found 
in such countries that can afford (highly use) low-cost drugs. As recorded from this study, brands of drugs with low mean 
ZI diameter and efficacy were imported and sold at lower prices. This finding is indicating variations in the amount of 
active ingredients in each brand. Our finding negates The Food and Drug Administration (FDA) of the US suggests that 
generic drug products must contain identical amounts of the same active drug ingredient as the brand name product.35

The current study has some limitations. First, we used in vitro antimicrobial activity assay against Salmonella serovars and 
non-serotyped milk isolates of Salmonella using disc diffusion method. Hence, the findings may differ for the MIC method. 
Second, we used the clinical breakpoints set by CLSI (2020), which is high mean ZI for interpretation as disc diffusion might 
not be good indicators for assessing fluoroquinolones susceptibility or resistance in Salmonella spp. However, the variations in 
mean of ZI diameter of brands of ciprofloxacin observed in current study are good predictor of efficacy variation among tested 
brands. Third, the diffusability of the active ingredients of brands of ciprofloxacin impregnated on Whatman paper may vary 
compared with commercial disc as the dispersion of the particles of each brand are affected by the diluents in the tablet. This 
may also have effects on efficacy evaluation findings.
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Conclusion
The current study revealed variations in mean of ZI diameter of leading brands of ciprofloxacin against the tested 
Salmonella isolates. The highest mean ZI diameter was recorded for Brand E, whereas the lowest was recorded for Brand 
A. Comparatively, brand E was found to be more efficacious against the tested SE, STM, and non-serotyped Salmonella 
isolates than other brands. The significant differences in the mean ZI diameter among the tested brands could be 
associated with differences in the level of active ingredients, which constitute a potential danger to human health as 
result in therapeutic failure and drug resistance. Hence, the current study warrants a need for periodic surveillance of both 
the quality and efficacy of antibiotics to improve patient well-being and minimize the risk of antimicrobial resistance.
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