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Abstract

:

The recording of antimicrobial use data is critical for the development of interventions for the containment of antimicrobial resistance. This cross-sectional study assessed whether dissemination activities and recommendations made after an operational research (OR) study in 2021 resulted in better data recording and improved the use of antimicrobials in a rural veterinary clinic. Routinely collected data from treatment record books were compared between 2013 and 2019 (pre-OR) and from July 2021 to April 2023 (post-OR). The most common animals presenting for care in the the pre – and post OR periods were dogs (369 and 206, respectively). Overall, antimicrobial use in animals increased from 53% to 77% between the two periods. Tetracycline was the most commonly used antimicrobial (99%) during the pre-OR period, while Penicillin-Streptomycin was the most commonly used antimicrobial (65%) during the post-OR period. All animals that received care at the clinic were documented in the register during both periods. Whereas the diagnosis was documented in 269 (90%) animals in the post-OR period compared to 242 (47%) in the pre-OR period, the routes and dosages were not adequately recorded during the both periods. Therefore, the quality of data recording was still deficient despite the dissemination and the recommendations made to some key stakeholders. Recommendations are made for a standardized antimicrobial reporting tool, refresher training, and continuous supervisory visits to the clinic.
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1. Introduction


The World Health Organization, in 2019, ranked antimicrobial resistance (AMR) among the top ten (10) global public health emergencies that require urgent and strategic measures in order to mitigate the increasing threat [1]. One of the recommended effective strategies for tackling AMR globally is the adoption of the “One Health” approach, which encourages the harmonization of efforts among different institutions and experts across different levels of society. The aim of the harmonized effort of the “One Health” approach is to address AMR in humans, animals, and the environment, considering that the health and well-being of all three are interconnected [2].



The quality of prescription data recorded by veterinary healthcare providers is critical in the development of the national standards and policies required to contain the development of antimicrobial resistance (AMR) [3]. These data contribute to the understanding of the factors that contributes to antimicrobial stewardship, which is essential for monitoring and tracking the use of antimicrobials in veterinary facilities [4]. Accurate, complete, and standardized data recording formats are essential for effectively monitoring the consumption of antimicrobials in veterinary health facilities [5]. Poor data quality can also affect the analysis and interpretation of data, resulting in undesirable outcomes [4,6].



Despite persistent efforts to establish antimicrobial use surveillance programs in many Low- and Middle-Income Countries (LMICs), accessible data are still inadequate. The data used for antimicrobial stewardship programs implemented in Africa for continuous quality improvement is largely obtained from global AMR control initiatives [7]. These may vary from one country to another as a result of the different methodologies and tools used [3,7].



Many LMICs, including Ghana, either lack or have inadequate uptake of context-specific policy frameworks [8,9]. These frameworks may include National Action Plans (NAPs) that clearly outline objectives and strategies for addressing the issues related to antimicrobial resistance specific to a country’s veterinary medicine sector, antimicrobial prescription guidelines on how antimicrobials should be prescribed for the management of diseases in animals, and education and training for veterinary prescribers on the best practices for prescribing and dispensing antimicrobials [3,8]. In 2017, 44 out the 54 African countries submitted reports on antimicrobial use to the World Organization for Animal Health (WOAH, previously OiE). The estimates of data coverage were however seen to be lowest among African countries and the data was also seen to have issues related to quality [10].



In addition, many LMICs have a large range of untrained antimicrobial prescribers, and there is easy access to antimicrobials that can be purchased over the counter and without prescription [11,12]. This is coupled with large numbers of counterfeit medicines, especially in the private sector, due to weak implementation of regulations [8,9].



The burden of AMR in animals is difficult to measure, especially in LMICs, due to the unreliable and poor reporting of data for stewardship programs, AMR surveillance programs, and monitoring systems [13,14,15]. The optimized use of antimicrobials can be assessed by monitoring adherence to specific treatment guidelines and documenting prescription practices related to the appropriate use of antimicrobials and the correct dosage, frequency of administration, and duration of treatment [16]. In this regard, the World Organization for Animal Health (WOAH, formerly known as OIE) provides guidelines for the use of antimicrobials and the monitoring of antimicrobial resistance in animal health [17]. The guidelines provide a well-established data collection system that, if followed, produces representative and validated data that are critical for tracking and assessing treatment outcomes in animal health [18].



In Ghana, an operational research study conducted by Adeapena et al. in 2021 observed poor data documentation practices and high antimicrobial use at a rural veterinary clinic. Diagnoses were missing in 53% of records, dosages were missing in 38% of records, and the route of administration of antimicrobials was not recorded in 69% of records. Tetracycline accounted for 99% of all the antimicrobials used [19]. This study, conducted through the Structured Operational Research Training Initiative (SORT IT), led to various recommendations to improve the situation [19].



The published paper, elevator pitches, plain-language handouts, and lightening and technical PowerPoint presentations were used to disseminate the findings and make recommendations to key stakeholders for action to improve data recording and prescription practices.



The current study was conducted as a follow-up to assess whether the dissemination activities and recommendations made to relevant stakeholders in the veterinary services, including the Veterinary Service Directorate, Pharmacy Council, Food and Drugs Authority, Researchers, and the Ministry of Health, contributed to improvement in the quality of data recording and the use of antimicrobials at the veterinary clinic between July 2021 and April 2023 compared to the previous period. Specifically, we compared the proportion of animals treated with antimicrobials and assessed changes in the quality of data recording in terms of the completeness of data on diagnosis, the type of antimicrobial used, the antimicrobial dosage, and the route of administration for all animals that received antimicrobials.




2. Materials and Methods


2.1. Study Design


This was a cross-sectional study using routinely collected data from treatment record books between 2013 and 2019 (pre-SORT IT) and from July 2021 to April 2023 (post-SORT IT).




2.2. Study Setting


2.2.1. General Setting


Ghana is bordered on the east, west, and north by the republics of Togo, Côte d’Ivoire, and Burkina Faso, respectively. The livestock sector contributed 5.4 percent of Ghana’s agricultural Gross Domestic Product (GDP) growth in 2019 [20]. Veterinary services are under the regulation of the Veterinary Service Directorate (VSD), which is under the Ministry of Food and Agriculture. There are approximately 256 veterinary clinics nationwide [19]. The Veterinary Training Institute (VTI) under the Veterinary Services Directorate of Ghana is responsible for training veterinary professionals across the 4 veterinary training schools in the country. There are 11 veterinary offices in the Bono East region (https://vetservicesgh.org/index.php/about-us/offices, accessed on 4 August 2023)



Through the Regional Directorate, a national information management system compiles monthly and quarterly reports from district officials. Every district has a District Veterinary Officer and several veterinary paraprofessionals. There is currently no national electronic database; hence, all reports are submitted as hard paper copies [19]. The VSD, under the Ministry of Food and Agriculture, monitors the supply of veterinary pharmaceuticals using a coordinated system with the assistance of private veterinary pharmaceutical firms [21]. The VSD is in charge of making veterinary medications and vaccines available through both public and private procurement methods. The VSD follows the Economic Community of West African States (ECOWAS) veterinary pharmacy protocol [19]. These pharmaceuticals are provided to several Regional Veterinary Directorates that then distribute them to districts and other private veterinary medical shops throughout the country [19].




2.2.2. Specific Setting


The Kintampo North Municipality is situated in the middle belt of Ghana. The inhabitants’ livelihood is mainly farming, including animal husbandry for both commercial and domestic purposes. The population of Kintampo Municipality is 228,634, representing 35.2 percent of the region’s total population [22].



The Kintampo Municipal Veterinary Clinic was chosen for this study because this is where the previous study was conducted, and it is the only clinic providing veterinary services to over 100 urban and rural communities within the municipality. The veterinary technologist is supported by other para-veterinary officers to provide routine clinical and surgical services within the clinic space and outreach activities to larger animal farms. The clinic lacks animal laboratory services, so disease diagnosis is still based on the clinical experience of the staff. Some of the injectable antimicrobials stocked at the clinic include Penicillin–Streptomycin, Oxytetracycline, Enrofloxacin, Metronidazole, and Gentamicin. In the case of stock-outs, the farmers are referred to the only private veterinary medicine retailer in the municipality, which provides alternative access to veterinary medicines. Besides clinical and surgical services, the clinic’s staff conduct annual community education and vaccination campaigns to educate the community about zoonotic infections and domestic and farm animal care.



Treatments are manually recorded in a treatment register. Good documentation practices should include the type of animal (breed), diagnosis, type of treatment (medication), route of administration, and dosage [23]. Monthly reports are generated and sent to the Regional Directorate as part of the monitoring and evaluation system as hard copies [19]. The Figure 1 below is a map of Ghana showing the study area.





2.3. Study Population


The study population consisted of animals that received veterinary care from the Kintampo Veterinary Clinic from 2013 to 2019 (pre-operational-research (pre-OR) period)) and from July 2021 to April 2023 (post-operational-research (post-OR) period).




2.4. Data Sources


Objective 1, was to describe the dissemination activities, the recommendations made, and the actions taken to improve the completeness of the recording of prescription data post-OR. Data for Objective 1, were collected from the Principal Investigator (PI) of the pre-OR study. Objectives 2 and 3, which aimed to compare the proportion of animals treated with antimicrobials at the Kintampo Municipal Veterinary Clinic and assess changes in the quality of data recording in terms of the completeness of data, diagnosis, antimicrobial type, dosage, and route of administration respectively. The data for objective 2 and 3 were retrieved from the Kintampo Municipal Veterinary Clinic treatment register and compared with data from the pre-OR period [19].




2.5. Data Collection and Validation


Data for the post-OR period were double-entered into MS Excel and validated by cross-checking records in the treatment register.




2.6. Data Analysis and Statistics


For the pre-OR period, data from the SORT IT monitoring and evaluation phase were compiled and complemented with information from the PI of the pre-OR study. These were presented as a single-line list of activities undertaken to disseminate the results and the actions taken on the recommendations.



For the post-OR period, data were imported from MS Excel into EpiData analysis v 3.1 software (EpiData Association, Odense, Denmark) for analysis. Categorical variables were summarized using frequencies and proportions, and results were presented in tables. Differences in the proportions of animals receiving antimicrobials between the two study periods (2013–2019 and 2021–2023) were assessed using the chi-square test. The level of significance was set at p < 0.05 along with 95% confidence intervals (95% CI).





3. Results


3.1. Documentation of Dissemination and Recommendations Made Post-OR


A SORT IT module was conducted in November 2021 to develop the knowledge management and communication skills of researchers. The outputs of this module were the development of the following tools: (1) a communication plan to target key stakeholders, policy, and decision makers; (2) a PowerPoint presentation to be used at conferences; (3) a one-page plain-language handout of the key findings and messages; (4) a one-minute oral presentation (an elevator pitch); and (5) a poster presentation of the research findings. These tools were used for the communication and dissemination of the research findings to stakeholders, noting the mode of delivery, audience, place, and time. The actions taken post-dissemination and the recommendations made using these tools were documented and verified with the PI of the first publication. Refer to Table 1 and Table 2 for the presentation of these results.




3.2. Types and Proportions of Animals That Were Registered for Veterinary Care during Pre-OR and Post-OR Periods


During the pre-OR period (2013–2019), a total of 513 animals presented at the Kintampo Veterinary Clinic, compared to 299 animals during the post-OR period (July 2021–April 2023). Dogs (n = 369 (72%) and n = 206 (69%)) constituted the most common animals during both time periods, followed by goats (n = 67 (13%) and n = 64 (21%)). Refer to Table 3 for the presentation of the results.




3.3. Documentation of Diagnosis, Antimicrobials Prescribed, Dosage, and Route of Administration of Antimicrobials at the Kintampo Municipal Veterinary Clinic (From July 2021 to April 2023)


In total, 513 and 299 animals received care at the Kintampo Veterinary Clinic during the pre-OR (2013–2019) and post-OR (2021–2023) periods, respectively, and the animal type was recorded in every case during the two study periods. Of these, 269 (90%) had their diagnosis documented during the post-OR period, compared to 242 (47%) during the pre-OR period. Also, 231 (77%) of the antimicrobials given were recorded in the post-OR period, compared to 273 (53%) in the pre-OR period. Refer to Table 4 for the presentation of the results.




3.4. Antimicrobials Prescribed at the Clinic during the Pre-OR and Post-OR Study Periods


During the pre-OR (2013–2019) period, Oxytetracycline was the most commonly prescribed antimicrobial (n = 272 (99%) versus n = 74 (32%)), whereas during the post-OR period, Penicillin-Streptomycin (Pen-Strep) was the most commonly prescribed antimicrobial (n = 0 (0%) versus n = 150 (65%)). Refer to Table 5 below for the presentation of the results.



Overall, 273/513 (53%) animals received antimicrobials during the pre-OR period, compared to 231/299 (77%) animals that received antimicrobials during the post-OR period. In addition, 191 (52%) versus 159 (77%) dogs received antimicrobials during the two time periods, respectively. Refer to Table 6 for the presentation of the results.





4. Discussion


This operational research study showed that a large proportion of animals were treated with antimicrobials before (pre-OR) and after (post-OR) implementing measures that sought to promote antibiotic stewardship in one veterinary clinic at the Kintampo North Municipality clinic. However, the highest proportion of antimicrobials were prescribed during the post-OR period as compared to the pre-OR period. Penicillin-Streptomycin was the most commonly used antimicrobial during the post-OR period, compared to Tetracycline during the pre-OR period [19]. There were some gaps in the quality of the prescription data with regards to the dosage and route of administration of antimicrobials at both study points [19].



The findings of the frequent use of antimicrobials at the veterinary clinic are comparable to those reported in the pre-OR [19] period and antimicrobial use in a study conducted among human populations in the same study area [24]. They are also comparable to the findings of studies conducted in Rwanda and Tanzania [25,26]. The high rates of prescription and use of antimicrobials by veterinary healthcare providers may be a result of poor antimicrobial surveillance systems and weak or non-existent regulations for monitoring the use of antimicrobials in animal healthcare systems in Ghana and other LMICs [11,27] as compared to developed countries in Europe and Asia [19]. This may be further compounded by a wide range of untrained antimicrobial prescribers and easy access to antimicrobials, which can be purchased over the counter in these LMICs [8,9]. Immediate actions need to be taken in order to increase the awareness of antimicrobial resistance and to promote behavior change through various media that target different professionals in animal and human health and in agricultural practice as well as among other users of antimicrobials [28]. Discussing the use of antimicrobials and antimicrobial resistance as parts of academic activities and during professional training and capacity-building programs of health providers would help prescribers to better understand and appreciate the magnitude of the situation and how they can best contribute to mitigating the growing threat [28,29,30].



The enforcement of existing regulations and guidelines on antimicrobial use by the appropriate institutions and agencies in Ghana would also help in controlling the excessive use of antimicrobials across different sectors [31].



The most commonly prescribed antimicrobial during the post-OR period was Pen-Strep, a combination of penicillin and streptomycin. This finding, however, contrasts with the results of the pre-OR study conducted in 2021 and another study in Nigeria where tetracycline was the most commonly prescribed antimicrobial [19,32]. These differences in the two study periods may have resulted from factors such as the availability (stock levels) of the various antimicrobials observed or possible stock-outs of other antimicrobials. The availability and prescription of antimicrobials in veterinary facilities in many resource-poor settings are influenced by many factors that include cost and affordability, budget allocations for the sector, and supply chain management systems [33].



Also, as shown by other studies conducted to assess some of the non-clinical factors that influence the prescription of antimicrobials by veterinarians, individual prescriber preferences could be a factor for the differences since there was a change in the overall management of the veterinary clinic during post-OR period [34,35].



With regards to the quality of prescription data, there were more gaps in the dosage and route of administration of the various antimicrobials in the post-OR period as compared to the pre-OR period. Despite the fact that the dosages of antimicrobials depend on the animals’ ages and weights [36], these were not recorded in the treatment record books of the clinic for almost all cases during the post-OR period. There were also gaps in the data on the route of administration. This observation could be because most of the antimicrobials stocked at the clinic are for administration by the parenteral route, in which case the prescriber may have taken it as obvious that the person administering the antimicrobial would know the appropriate route to use. This, however, not standard practice, as it puts the life of the animal in danger when an inappropriate route of administration is used [37].



The findings mentioned above are comparable to the results of the baseline study conducted in 2021, where the data for these variables were also reported as incomplete [19]. This low quality of data recording may be attributed to a lack of appropriate tools such as standard treatment registers, including electronic data systems, which are the most reliable [36]; high staff turnover; and probably a lack of frequent supportive supervision by a national regulatory body such as the Food and Drugs Authority [27]. A key requirement for effectively monitoring the use of antimicrobials in stewardship programs is accurate and complete data [38]. In a traditional paper-based data recording system, the issue of the inadequate recording of important treatment information (missing data) has been previously reported where the dosage, the route of administration, and the duration of treatment, coupled with illegible prescriber handwriting, were found to be common [39]. Therefore, to ensure the comprehensive documentation of data, harmonized electronic data recording is ideal for improving the accuracy, completeness, and overall data integrity since healthcare providers can easily input data directly and reduce errors. These data can also be accessed in real time to aid in decision making [38].



There are some important limitations to our study. First, a key limitation of this study is that we only assessed the documentation practices of a single veterinary facility, so the results may not be reflective of practices in other veterinary facilities across the country.



Secondly, we cannot directly associate the changes in this current study to the dissemination activities that were carried out after the first OR study. This is because the research team could not share the pre-OR study’s findings with the entire clinic staff and only shared them with the veterinary officer who was overseeing the activities of the unit at the time. Also, the periods of data collection for both studies varied: while the pre-OR study analyzed data for a period of 5 years, the post-OR study analyzed 3 years of data. Additionally, data on the medical conditions among the animals receiving antimicrobials were inadequate, as this information was either missing or lacked sufficient detail, and thus we could not measure the extent of the inappropriate antimicrobial use in the clinic.




5. Conclusions


The study’s findings indicate that antimicrobial use at the clinic during both reporting periods (pre-OR and post-OR) was high, although a greater proportion of antimicrobials were prescribed during the post-OR period as compared to the pre-OR period. There was also a significant improvement in the documentation of the reasons for which antimicrobials were prescribed (diagnosis) for treatment in the post-OR period. However, the documentation of the routes of administration, the dosage of antimicrobials prescribed for treatment, and the duration of treatment was still poor during the post-OR study period, and this needs to be improved.
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Figure 1. Map of Kintampo [19]. 
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Table 1. Dissemination details following the operational research study conducted in 2021.
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Mode of Delivery

	
To Whom

	
Where

	
When






	
PowerPoint presentation

Plain-language handout

Published article

Published article uploaded

to the institution’s website

	
Kintampo Health Research

Centre Scientific Technical

Committee.

	
KHRC conference

room

	
February and

August 2022




	
PowerPoint presentation

Plain-language handout

	
Ghana AMR platform

	
Virtual (Zoom)

	
May 2021




	
Conference hall of

AH hotel

	
May 2021




	
Open-access publication

	
Global [19]

(4587 views and cited by 4).

	
MDPI (Tropical

Medicine and

Infectious Disease)

	
July 2021




	
Twitter, LinkedIn,

Facebook, and WhatsApp

	
Global

	
Social media

	
July 2021




	
PowerPoint presentation

Plain-language handout

Published article

	
Key stakeholders (Veterinary

Service Directorate, Pharmacy

Council, Food and Drugs

Authority, researchers, and

policy makers)

	
Conference room of

Mensvic Hotel, Accra.

	
September 2021











 





Table 2. List of recommendations from the pre-operational research study for improving data recording and antimicrobial use and the status of implementation [19].
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	Recommendation
	Action Status
	Details of Action (When and What)





	Sensitization of veterinary staff

about the risks of misuse of antimicrobials and the lack of quality data on antimicrobial use for monitoring purposes
	Ongoing
	In May 2021, key stakeholders including the head and staff of the veterinary clinic, the Veterinary Service Directorate, Food and Drugs Authority, and staff of the Pharmacy Council of Ghana were sensitized about antimicrobial resistance and good documentation/recording practices.



	Training of veterinary staff at the clinic
	On hold
	The staff of the veterinary clinic will be trained in appropriate record keeping. Arrangements have been made to engage the staff at the clinic again.



	Further research on the use of antimicrobials in animals across all veterinary clinics in the country to give a holistic reflection of antimicrobial use and serve as country-wide baseline data
	Partial implementation by the Ghana Veterinary Service Directorate
	Developed a proposal on the need

for a national survey.



	Develop a Ghana-specific standard treatment guideline for animal health practitioners
	Decision taken by the Ghana Veterinary Service Directorate
	Standard treatment guidelines for antimicrobial use in animals were developed by the Veterinary Service Directorate, is yet to launch this.



	Electronic system of data

capture
	Partial implementation by the Ghana Veterinary Service Directorate
	Software was piloted using tablets to capture data in some selected veterinary clinics in Accra, but this has yet to be carried out in rural parts of Ghana.










 





Table 3. Types, numbers, and proportions of animals that received care at the Kintampo Municipal Veterinary Clinic during the pre-OR (2013–2019) and post-OR (July 2021–2023) periods.






Table 3. Types, numbers, and proportions of animals that received care at the Kintampo Municipal Veterinary Clinic during the pre-OR (2013–2019) and post-OR (July 2021–2023) periods.





	

	
2013–2019

	
2021–2023




	
Animal Type

	
Number

	
% *

	
Number

	
% *






	
Dogs

	
369

	
71.9

	
206

	
68.9




	
Goats

	
67

	
13.1

	
64

	
21.4




	
Sheep

	
57

	
11.1

	
20

	
6.7




	
^ Other animals

	
20

	
3.9

	
9

	
3.0




	
Total

	
513

	
100.0

	
299

	
100.0








Sources of data: Adeapena et.al., 2021 [19], and from Fieldwork, 2023 respectively. ^ Other = combination of cattle, monkeys, poultry, rabbits, and cats, which were very few during both the pre-OR (2013–2019) and post-OR (July 2021–April 2023) study periods. * Column percentages: proportions of animals that received care at the Kintampo Municipal Veterinary Clinic during the pre-OR (2013–2019) and post-OR (July 2021–2023) periods.













 





Table 4. Documentation of treatment records during pre-OR and post-OR periods.
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Pre-OR (2013–2019)

	
Post OR (2021–2023)

	




	
Record Documentation

	
Total

	
n

	
(%) *

	
Total

	
n

	
(%) *

	
p-Value






	
Diagnosis specified

	
513

	
242

	
(47.2)

	
299

	
269

	
(90.0)

	
<0.0001




	
Antimicrobial prescribed

	
513

	
273

	
(53.2)

	
299

	
231

	
(77.3)

	
<0.0001




	
Route of administration documented

	
273

	
85

	
(31.1)

	
231 ^

	
1

	
(0.2)

	
<0.0001




	
Dosage documented

	
273

	
170

	
(62.3)

	
231 ^

	
1

	
(0.2)

	
<0.0001








Sources of data: Adeapena et.al., 2021 [19], and from Fieldwork, 2023 respectively. ^ = One animal received two different antimicrobials during the post-SORT IT period (July 2021–2023). * Row Percentages: completeness of treatment records from July 2021 to April 2023 at the Kintampo Veterinary Clinic.













 





Table 5. The proportions of antimicrobials that were prescribed at the Kintampo Municipal Clinic during the pre-OR (2013–2019) and post-OR periods.
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2013–2019

	
2021–2023




	
Antimicrobial Prescribed

	
Number

	
%*

	
Number

	
%*






	
Oxytetracycline

	
272

	
99.6

	
74

	
32.0




	
^ Pen-Strep

	
0

	
0.0

	
150

	
64.9




	
Enrofloxacin

	
0

	
0.0

	
5

	
2.2




	
Penicillin

	
1

	
0.4

	
0

	
0.0




	
Gentamicin

	
0

	
0.0

	
1

	
0.4




	
Metronidazole

	
0

	
0.0

	
1

	
0.4




	
Total

	
273

	
100.0

	
231

	
100.0








Sources of data: Adeapena et.al., 2021 [19], and from Fieldwork, 2023 respectively. * Column percent