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Background

With increased livestock keeping, multiple prevailing infections, antimicrobial agents’ use and pattern in Tanzania, the development of antimicrobial resistance (AMR) becomes inevitable. Antibiotic-resistant pathogens have increasingly become a major challenge in human and animal medicine. Although inappropriate use of antibiotics in humans is the principal cause of resistance, antibiotic-resistant bacteria originating from animals contribute to the emergence and spread of these bacteria. Antibiotics help control a multitude of bacterial infections that are major causes of diseases in both animals and humans. Rational use in animals is crucial to control any development and transfer of AMR to humans. This study aimed to create quantitative evidence of animal antimicrobial usage patterns in Tanzania to serve as a baseline for surveillance of antimicrobial use and antimicrobial resistance control.



Methodology

This descriptive longitudinal retrospective study was conducted to explore the trend of veterinary-antibiotics consumed in the eight years, from 1st January 2010 to 31st December 2017 in Tanzania mainland. The data source was records of all antibiotics imported for veterinary use into Tanzania’s mainland according to the Tanzania Medicines and Medical Devices Authority (TMDA) records. The analysis employed the World Health Organization (WHO) Collaborating Centre for Drug Statistics Methodology using Anatomical Therapeutic and Chemical (ATC) classification. Regression and time series analysis was used to establish trends in antibiotics consumption.



Results

A total of 12,147,491 kg of antibiotics were consumed in Tanzania from 2010 to 2017. Tetracycline, sulfonamides and trimethoprim, quinolones, aminoglycosides, beta-lactams and antibacterial combinations were the most commonly used antibacterial agents in Tanzania. Tetracycline class topped the list with about 8,090,798 kg (66.6%) out of 12,147,491 kg total quantity of antimicrobials consumed. Non-significant, linear curve estimations and time series analysis indicate a decline in the quantities of veterinary antibiotics used in the eight years from 2010 to 2017.



Conclusions

This study suggests that tetracycline is the most used antibiotic class for veterinary medicine in Tanzania. The trend of antimicrobial use is generally decreasing compared to other countries in Africa. Even though some antibiotics have the lowest consumption rate, they are also prone to AMR, prompting follow-up by the relevant regulatory authorities.
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Introduction

Tanzania is ranked third among sub-Saharan African countries in having the largest livestock population in the continent with contribution by category as follows: chickens (86% of the households), goats (48%), cattle (35%), pigs (9%) and other animals accounting (10%) form which meat production accounts for an estimated 662,931 metric tonnes (1). The increased keeping of and demand for food of animal origin, particularly eggs, meat and milk, has led to intensification and commercial production systems where excessive use and misuse of antimicrobials may be inevitable (2). The National Action Plan 2017-2022 addresses actions needed to combat antimicrobial resistance (AMR) in the country where both humans and animals are taken on board (1). The action plan emphasizes raising awareness of antimicrobial resistance and promoting behavioral change through public communication programs targeting human, animal, and plant health.

The regulation pharmaceutical sector in Tanzania is the responsibility of the Tanzania Medicines and Medical Devices Authority (TMDA) (3), enacted by the Food, Drugs and Cosmetics Act, 2003 and later The Tanzania Medicines and Medical Devices Act, Cap 219 of 2019. On the one hand, TMDA regulates the quality, safety and effectiveness of medicines, medical devices and diagnostics. On the other hand, the regulation of private pharmacy practice in Tanzania is regulated by the Pharmacy Council (PC) of Tanzania (4) enacted by the Pharmacy Act, 2011. However, it is common in Tanzania to find an overwhelming proportion of medicines sold in pharmacies are dispensed without a prescription (4, 5), increasing the chance of unregulated sales of antimicrobials both for human and veterinary use.

In practice, antibiotics are used therapeutically or off-labeled to treat animal bacterial infections, promote animal growth or prophylaxis in intensive animal rearing (6). Antimicrobial treatment is pivotal to ensure animal welfare and to control infectious diseases, including zoonotic conditions. Antimicrobials prevent disease spread among animal lots, which is most important for poultry, fish (7) and other livestock. Specific mass treatment methods are designed to medicate unhealthy animals while treating the rest of the flock to avoid disease spread (7–9). Unlike most human diseases, where decisions are generally made about the need for individual therapy, the veterinary practice uses empiric treatment for the entire population (10).

Antimicrobial resistance (AMR) is a major global threat to human and animal health, endangering human and veterinary medicine, thus hindering their success prospects. Unfortunately, we can hardly spate resource-limited settings, including Tanzania, from the high burdens of infectious diseases where antibiotics are widely used to save lives (11). The wide use of antimicrobial substances coupled with inappropriate antibiotic use, spurious, falsified, and counterfeit antimicrobial often slipping into the medicine supply chain in animals contribute to heighten the magnitude of the AMR problem (12). A recent study was conducted along Msimbazi River, Dar es Salaam, Tanzania, on the drivers of antimicrobial use and resistance in poultry and domestic pig farming. The study revealed uncontrolled use of antibiotics both in animals coupled with environmental contamination that may exacerbate the development and spread of antimicrobial resistance (13). This study found a higher proportion of usage of veterinary antimicrobials for prophylactic than for therapeutic purposes in animal farming. Studies in fish farming in Tanzania have indicated the risk of antibiotic use to both human and aquatic animals’ health, including the development of resistance (2, 14–17) and resistance genes (17), particularly the heavy and uncontrolled use of antimicrobials (18) and recommended for policy change in use of antibiotics in aquaculture (19).

The recent widespread use of antibiotics in the food chain poses a significant public health risk in humans. Antibiotic resistance in humans hikes human medical care expenses reduces antibiotics’ efficacy and subsequently increases human morbidity and mortality. This is explained by the fact that exposing the bacteria to sub-optimal antibiotic levels may facilitate the emergence and spreading of resistant strains in humans and animals by exerting a selective pressure on bacteria. The selective pressure will kill the susceptible bacteria and leave resistant strains to replicate (20). Many of the antibiotics used in food-producing animals are the same as or surrogates of those used in human medicine (21). Therefore, the antimicrobial resistance that originated from the application of antimicrobials in the food chain may consequently transmit resistant strains to animals, animal products and the environment (7, 22, 23). Antibiotic-resistant bacteria are normally transferred to the general public through food consumption, the environment and farm workers (21, 24–26). In a study involving seven countries in Europe, a direct relationship between antimicrobial use and antimicrobial resistance in Escherichia coli isolates from pigs, poultry and cattle (27) was demonstrated. Infections such as non-typhoidal salmonellosis, campylobacteriosis, and methicillin-resistant Staphylococcus aureus (MRSA) can spread to animals and humans at the same time. This brings more challenges in treating antibiotic-resistant strains originating from food-producing animals (21, 25).

Experts suggest that antibiotic consumption surveillance can help countries identify antibiotic use problems and, thus, device interventions to tackle antimicrobial resistance (28). Surveillance of antimicrobials uses helps in comparisons of consumption patterns between countries to set targets and spot antibiotic use changes (28). The goal is to control the amount of antimicrobials used in animals to generate objective quantitative information to evaluate antimicrobial class used in different animal species (10). Data obtained are essential for risk analysis and planning. Also, it helps interpret resistance surveillance data and evaluate the success of prudent use and mitigation strategies (10) when used in conjunction with hospitals’ utilization and resistance data. Surveillance of antimicrobial use can also be useful for a specific country evaluating the trends of antibiotic consumption per the number of animals.

Antimicrobial resistance is a prevailing global challenge rather than a future concern that affects Tanzania too. However, antimicrobials consumption data is scanty and rarely reported in low- and middle-income countries. In Tanzania, national data on antimicrobial consumption for veterinary usage is not yet well documented. Recent data shows that antimicrobial use (17) in humans is on the increasing trend. However, data on antimicrobial resistance in animals had been reported even in the 1990s, where resistance to antimicrobials in common use, such as ampicillin, tetracycline and trimethoprim-sulfamethoxazole, were significant (29, 30).

The objective of this study was to generate quantitative information for monitoring antimicrobial consumption in Tanzania using WHO Collaborating Centre for Drug Statistics Methodology. The results can be used as baseline information for future monitoring of antimicrobial consumption and resistance in food-producing and non-food-producing animals in Tanzania and beyond.



Materials and Methods


Study Design

This descriptive longitudinal retrospective study was conducted to document the trend of veterinary-antibiotics imported in the eight years from 1st January 2010 to 31st December 2017 in Tanzania mainland, Eastern Africa.



Study Setting

Tanzania, officially known as the United Republic of Tanzania, is located at a latitude of 6.3690° S. The longitude is 34.8888° E, bordered by eight countries with the Indian Ocean along the eastern border. Uganda is to the north, Malawi and Mozambique are found to the south. Zambia is on the southwest border and Kenya is northeast. The Democratic Republic of Congo, Rwanda, and Burundi are three countries on the western border. These borders are the point of entry of imported medicines into the country in addition to the sea harbor and airports. The ports of entries of medicines imported to Tanzania include Dar es Salaam airports and sea harbor (6.7924° S, 39.2083° E), Kilimanjaro airport (3.4245° S, 37.0651° E) border checkpoints at Sirari at 1.2512° S, 34.4763° E, Horohoro ay 6.369° S and 34.8888° E, Namanga (Kenya border), Tunduma at 9.3096° S, 32.7689° E (Zambia border) and Mutukula at 1.0007° S, 31.4156° E (Uganda border).



Data Sources

The study used the data of all antibiotics imported for veterinary use into Tanzania’s mainland according to importation records of the Tanzania Medicines and Medical Devices Authority (TMDA), which was called Tanzania Food and Drug Authority (TFDA) before 2019. Collected data were captured from different entry ports, including Tanzania airports, border checkpoints at Sirari, Horohoro, Namanga, Tunduma, Mutukula and the seaport in Dar es Salaam.



Antibiotics Studied

All antibiotics imported into Tanzania mainland for veterinary use during the study period were included in the study. Data for veterinary antibiotics whose records were not completed were excluded from the study.



Data Collection

Data were extracted from the TMDA importation database. TMDA is a medical products regulatory authority that regulates and approves the importation of medicines into the Tanzania mainland market. The importation procedure set up by TMDA compels importers to apply for an importation permit at TMDA. Successful applications are issued with import permits and recorded in the TMDA’s Management Information System (MIS).

Records of antibiotics imported in eight years, between 2010 and 2017, were extracted from the TMDA’s MIS by research assistants with the help of the TMDA’s import and export unit staff. The WHO Anatomical Therapeutic and Chemical (ATC) classification (31) system promulgated by the WHO Collaborating Centre for Drug Statistics Methodology (32) was used to filter antimicrobial data for each product from the database. The list of all antibiotics by generic name with their veterinary ATC codes was navigated under its section of the vetATC system to classify veterinary medicines, similar to the system used for human medicines. The list includes “antibacterial for systemic use” (vetATC level 1 = QJ01). The exclusion criteria was a medicine not belonging to the vetATC code QJ01.

Each antibiotic in the list was searched in the TMDA’s MIS, and data was queried, retrieved and each antibiotic recorded as a separate Microsoft Excel file. The importation record included the information about TMDA registration number, the year the permit was approved, the dosage, the drug dosage form, the generic name of the drug, strength, pack size, the vetATC classification of the drug, the quantity imported, country of origin, and the date of importation.



Data Cleaning and Analysis

Data cleaning was done and data were checked for accuracy, completeness and reliability before analysis. Data files were combined, pivoted and aggregated using Microsoft Excel 2013 (Microsoft Corporation, Redmond, Washington, USA). We converted the strength, pack size and the quantity of the antibiotic product in mg, g and kg. Generic names were harmonized to match the names in the vetATC mapping file. We assigned each product a corresponding vetATC code by matching it with the imported product’s generic name. This mapping allowed the matching of the ATC category and the pharmaceutical category. The amount in a kilogram of an antibiotic agent’s active ingredient was calculated and aggregated for each class collected. Tables, charts and graphs were plotted to present the trends in antibiotic consumption. Annual consumption data, aggregated per overall and ATC classes consumption, were entered into the Statistical Package for the Social Sciences (SPSS) version 20 (IBM Corp., Armonk, NY, USA). Time series and regression analysis were performed to ascertain the annual trend of antibiotic consumption. An autoregressive integrated moving average (ARIMA) model was established to predict the trends of antibiotics. A P-value of less than 0.05 was considered statistically significant.



Ethical Considerations

Ethical clearance for this study was sought and granted by the Muhimbili University of Health and Allied Sciences Institutional Review Board with reference number DA.25/111/01/03/2018. Permission to access the data was sought at the TMDA. The names and identifiers of the importer were not recorded.




Results

A total of 3,939 import permits were issued by TMDA between 2010 and 2017. The quantities issued were equal to 12,147,491.49kg of veterinary antibiotics, annual mean (SD) 1,518,436.44 (± 1,442,184.33) kg with maximum importation occurring in 2012, where a total of 3,588,192.07 kg of veterinary antibiotics were imported (Table 1).


Table 1 | Quantities of antibiotics consumed and permits issued over eight years.



In the study, various dosage forms of antibiotics for veterinary use were consumed during the eight years. The majority of the antibiotics consumed were in powder form (64.4%), followed by oral solutions (28.0%). Solutions for injections, bolus, tablets, intramammary infusions and spray were the least consumed forms of antibiotics for veterinary use in the eight years (Figure 1).




Figure 1 | Contribution of each dosage form of antibiotics consumed over eight years.



This study shows the total quantities of each antibiotic consumed in eight years (Table 2). Oxytetracycline and sulfamethoxazole-trimethoprim combination, with or without colistin, contributed 88.1% of all consumed antibiotics for veterinary use in Tanzania mainland. Oxytetracycline contributed over two-thirds of all the consumed antibiotics for veterinary use in the study period. Doxycycline + tylosin, ampicillin + cloxacillin and gentamicin were the least consumed antibiotics in the eight years under study (Table 2).


Table 2 | Quantities of specific antibiotic in kg consumed in Tanzania from 2010-2017 years.




Consumption Trends of Antibiotics for Veterinary Use

The highest consumption noted was in 2012, and 2011 where a total of 3,588,191 kg and 3,030,450 kg of antibiotics were consumed in those years, respectively. Sulfonamides and trimethoprim contributed the highest proportion in 2012 with 2,705,481 kg, while tetracycline contributed the highest in 2011 by consumption of 3,009,223 kg. The least consumption was noted in 2010, when only 176,932 kg were consumed, out of which tetracyclines contributed 122,140 kg of total consumption in that year (Table 3).


Table 3 | Quantities in kg of the most consumed class of antibiotics by vetATC level 3 from 2010-2017.



Major classes of antibiotics consumed during eight years were tetracycline (8,090,798), Sulfonamides, and trimethoprim (3,057,240 kg). Other classes include quinolones, aminoglycosides, beta-lactams and penicillin antibiotics (Table 3). Tetracycline is the leading consumed antibiotic, with maximum consumption in 2015 and the only class consumed each year from 2010-2017. The consumption of combination antibiotics began in 2016.

A linear curve estimation shows that, over the eight years, from 2010 to 2017, consumption of antibiotics for veterinary use generally decreased with fluctuation noted between the years (Figure 2). However, the trend of the linear model was not statistically significant. Although not statistically significant, the consumption of the trend of tetracycline was constant over eight years, while the decline in the consumption of quinolones and sulfonamides and trimethoprim were responsible for the overall decline (Figure 2). Time series analysis, the data could not significantly fit the ARIMA model to predict the trends of antibiotics.




Figure 2 | Trends of total consumed antibiotics for the individual classes of antibiotics according to ATC level three over eight years from 2010 to 2017. Period 1 corresponds to 2010 and year 8 to 2017. The linear curve estimation for (A) overall consumption of antibiotics, (B) tetracycline, (C) quinolones and, (D) sulfonamide trimethoprim show a non-significant decreasing trend. R square value and p-value for each class of antibiotics is shown in the respective panel.



The top supplier country for these antibiotics was China, followed by Spain and United Kingdom. China alone contributed 6,994,665.55 kg (Table 4), equivalent to 57.6% of all consumed antibiotics.


Table 4 | Contribution of supplier countries to the antibiotics consumed in Tanzania between 2010 and 2017.






Discussion

This study reports a longitudinal survey of veterinary antibiotics consumption using information from the TMDA’s importation database between 2010 to 2017 for Tanzania mainland. The main assumption is that the imported veterinary antibiotics were released onto the Tanzanian market for immediate use. Tetracycline was the most common class of antibiotics consumed for veterinary use in Tanzania, followed by sulfonamides and trimethoprim and quinolones. The tetracyclines group included antibiotics such as oxytetracycline, chlortetracycline and combined oxytetracycline and colistin. The sulfonamides and trimethoprim group included antibiotic combination such as sulfamethoxazole, trimethoprim and colistin, sulfamethoxazole, trimethoprim and sulfadiazine and trimethoprim. Quinolones included enrofloxacin and norfloxacin. In this study, antibiotic consumption trends suggest a generally decreasing pattern of antibiotics use. This decrease might be due to prevailing legislative measures and campaigns to reduce inappropriate use and overuse of antibiotics in animals (33, 34). Tetracycline topped the list of quantities consumed annually, with the highest consumption in 2015, followed by a declining trend.

In this study, tetracyclines, sulfonamides, trimethoprim, and quinolones were the leading consumed antibiotics in Tanzania’s mainland. Tetracycline is quite popular among many veterinarians and importers because of its broad spectrum of antibacterial activity and affordability (35). Tetracycline is also widely and extensively used in treating diseases like anaplasmosis. It is also used in, early stages of theileriosis, and several supportive therapies in viral infection in animals like cattle (36). Soluble tetracyclines are preferred as growth promoters (8), which may partly explain why tetracycline was the most consumed class of antibiotics in the study period in Tanzania. The sulfonamides and trimethoprim are also popular in poultry farming in controlling coccidiosis and poultry colibacillosis. Sulfonamides and trimethoprim are extensively used in calf scours and pneumonia (36). The therapeutic usages in animals like these may have accounted for the relatively high quantities in this study.

This study’s findings are in line with findings from other studies done in the Tanzanian communities that highlighted how these antibiotics are used and the pattern of the consequences in terms of their resistance profiles in animals and humans (13, 29, 37). These same antibiotics were commonly found at the pastoralist’s homesteads in Northern Tanzania communities (37). Consistently, tetracyclines were the most common antibiotic used by these farmers. However, other antibiotics such as penicillin and aminoglycosides, which were seen to be commonly used by these farmers, did not emerge at or near the top in this study. Similar trends of antibiotic use among food-producing animals were found in the neighboring country of Kenya (26).

The selection pressure to bacteria depends on the way antibiotics are administered. Some studies suggested increased levels of resistance with systemic administration of antibiotics than with non-systemic (38). This study has revealed a greater proportion of systemic usage of antibiotics compared to the non-systemic, a situation that deserves attention in the antibiotic resistance surveillance data. Studies that have looked at the consequences of antibiotic use have yielded a similar resistance pattern to these antibiotics in Tanzania. A study by Katakweba et al. in Tanzania reported that over 70% of isolates sampled from food animals had resistance to tetracyclines, sulfamethoxazole and ampicillin (39). Subbiah et al., using enteric bacteria as indicators, reported similar findings where resistance was found in over half of the samples from the animals, both domestic, wild, and for the water sources. Tetracyclines, ampicillin, sulfamethoxazole, streptomycin, and trimethoprim had higher levels compared to other antibiotics (40). Apart from agreeing largely with our findings, these findings expose the gap in our findings where penicillin seems to be one of the highly used antibiotics that was not reflected in our study. The difference may be due to divergent data sources. We used the central national data while the other studies surveyed farmers in selected regions.

In this study, quinolones were the third most used veterinary antibiotics. The use of quinolones in veterinary medicine has been studied to develop resistance, transferring from food animals to humans. According to the WHO guidelines, quinolones can only be used for food-producing animals if culture and sensitivity tests are done (36, 41). Apart from WHO restriction, quinolones are relatively expensive and this could account for low consumption data. Quinolones are used in the treatment of diseases like mycoplasmosis, colibacilliosis in poultry (36).

The highest trend of tetracycline consumption, sulfonamides and trimethoprim, and combinations of antibiotics in some years might suggest the increasing need to use last-resort antibiotics. This trend has been seen in other regions in Africa. For instance, in a 3-year survey of antimicrobial use in animals, in south-western Nigeria, the majority of antimicrobials used were tetracyclines, fluoroquinolones, and β-lactams at the proportion of 33.6%, 26.5% and 20.4%, respectively (21, 42). In the Nigeria study, there was an increasing trend as opposed to these results (42). These usage statistics are consistent with the increasing evidence of tetracycline residues in chicken meat in African countries, including Tanzania (43). Quinolones and aminoglycosides are very important pharmaco-therapeutic armaments in human medicine. However, in this study, these were very low compared to other antibiotic classes such as sulfonamides, trimethoprim and tetracycline. This is good news because these agents’ overuse in animals may impact antibiotic resistance in human pathogens. However, this information may not allow us to comment conclusively on the increasing or decreasing consumption trend. Still, both quantitative and qualitative records of antibiotic use are crucial to enable the impact of antibiotic policy to be evaluated and determine possible associations between using certain groups of antibacterial drugs and the emergence of resistance.

The amount of antimicrobials consumed by animals is much higher than in humans. Resistance to these antibiotics used in animals is not only a veterinary issue but also human since these classes used in food animal production serve as essential drugs in human medicine (21, 44). Livestock and poultry serve as major bacterial infection sources to man, hence a source of transmission of resistant bacterial strains. A study done in Tanzania involving ducks indicates that ducks are carriers of Campylobacter spp. and serve as major infection sources to humans (29). The authors tested 50 C. jejuni isolates and found that they were susceptible to streptomycin, nitrofurantoin, and amikacin, while they showed some resistance to cefuroxime (48%) tetracycline (74%), and ampicillin (82%) (29).

A recent survey investigated the frequently used antibiotics for veterinary use among commercial chicken farmers and pharmaceutical outlets. It was observed that the most frequently used antibiotics were tetracycline (32.2%) and sulfonamides (20.8%). Others were fluoroquinolones (9.85%), macrolides (9.4%), polypeptides (8.0%), amprolium (6.5%), aminoglycosides (6.4%), trimethoprim (5.5%), furazolidone (0.8%) and quinoxalines (0.4%) (45).

In Tanzania, antibiotics are commonly used to treat tick-borne diseases, particularly anaplasmosis and heartwater in cattle; fowl typhoid in poultry; and salmonellosis coccidiosis and other causes of diarrheal conditions in different animal species (46). Despite high usage, no studies have been conducted to establish antibiotic resistance in correlation with the consumption patterns. In both our study and other studies (40, 45, 46) in different regions of Tanzania, it was observed that the most frequently imported antibiotics are the ones that are highly consumed and are the ones that are more prone to resistance.

Even though antibiotics use may be the right management decision when bacteria in animals are susceptible to the antibiotics used (47), it is worth considering that the practice can be damaging due to the build-up of resistance to the currently available antibiotics. This is because resistance may be already well established in bacterial populations in humans, animals and the environment. It is worth considering antibiotic withdrawal, which can lead to a temporary decline in antibiotic resistance. Noting that resistance levels may rapidly rebound if the antibiotic is reintroduced.

To emphasize the control of the use of antibiotics, a One-Health systematic approach of surveillance across the public and animal health sectors has been recommended despite the missing link between the increasing trend in antibiotic resistance in humans and the use of antibiotics in animals, either as feed additives or veterinary prescription (48). One health approach (49) can help devise multi-sectoral interventions, review and formulate policies that promote rational use and reduce antimicrobial consumption and resistance in humans and animals (13, 50). To complement the one health approach, diagnostics and detection of antibiotic susceptibility testing capacity will support the rational use of antibiotics, tracking and monitoring antimicrobial resistance in the country (51). The efforts will oversee establishing a well-coordinated national surveillance system for antimicrobial resistance. It will also build capacity for a national reference laboratory and designated laboratories for AMR surveillance, data management and sharing systems in human, animal and plant health settings (1, 2) to strengthen the prevailing efforts to limit the antimicrobial use and spread of AMR.


Limitations

The main limitation is that the study utilizes national regulatory authority importation data, assuming that all the antibiotics imported are consumed in the country for veterinary use. However, there is a possibility of expiry and losses; thus, not all antibiotics imported are used. Further, these data only reflect total national imports and estimate the quantities of veterinary drugs in circulation for defined periods. The study assumed that most antibiotics for veterinary use are all imported from abroad. In addition, the regulatory approval data cannot differentiate the consumed antibiotics into the therapeutic, prophylactic and growth promotion groups.

Nevertheless, this method includes only imported drugs through the normal legal port of entries regulated by the drug regulatory authority. The reported data may have excluded the counterfeit and substandard medicines which are prevalent in pharmacies and drugstores in Tanzania, as reported by other studies (52, 53). These medicines may not be in TMDA’s MIS since they enter the market via the unofficial, porous ports of entry. In addition, a recent study showed that farmers had easy access to antibiotics from veterinary stores and that sellers encouraged farmers to use combined antimicrobials to treat their animals (13), indicating easy accessibility of uncontrolled veterinary medicines (54).




Conclusions

This study suggests that the tetracycline class of antibiotics is the one that animals highly consume in Tanzania. Oxytetracycline topped the list of tetracycline antibiotics consumed for eight years.

Even though some antibiotics have the lowest consumption rate, they are also prone to resistance. Therefore, competent authorities should take appropriate measures to control antibiotic consumption, enforce prudent use of antibiotics and counteract antibiotic resistance.
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