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Abstract: Background: Antimicrobials are crucial for animal health and food security.
However, their overuse in animals can lead to the emergence of resistant microorgan-
isms. Antimicrobial resistance (AMR) poses a global public health threat that impacts both
animal and human health. The objective of this study was to estimate the antimicrobial con-
sumption (AMC) of veterinary antimicrobials at the national level using import data from
January to December 2021, available from the Uganda National Drug Authority (NDA).
Methods: The World Organization for Animal Health (WOAH) methodology was applied
using the Anatomical Therapeutic Chemical classification codes for veterinary medicines.
Results: Approximately 88,387.37 kg (88.39 tonnes) of veterinary antimicrobials were con-
sumed in 2021. Parenteral veterinary antimicrobials accounted for 63.8% (56,375.65 kg)
and oral veterinary antibacterials accounted for 36.2% (32,011.71 kg). Tetracyclines were
the single most consumed veterinary antimicrobial class, accounting for 62.7% of total
consumption. Oxytetracycline was the most consumed antibacterial (58.4%), followed by
sulphadiazine + trimethoprim (11.1%), penicillin g/dihydrostreptomycin (7.4%), penicillin
G procaine + dihydrostreptomycin (6.8%), and tetracycline (3.5%), respectively. Out of
all imported veterinary antimicrobials, 76% belonged to the World Health Organization
(WHO)’s Highly Important Antimicrobials (HIA) category, 16% to the Critically Important
(CIA), and 9% to the Highest Priority Critically Important (HPCIA) categories. Imported
colistin accounted for 0.1% of total veterinary consumption. Conclusions: This study
contributes to understanding antimicrobial consumption in Uganda’s livestock sector and,
for the NDA, leaves in place a system for routine surveillance at a national level. We recom-
mend strict regulatory oversight on the importation and use of colistin and macrolides to
address AMR.
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1. Introduction

Antimicrobial resistance (AMR) is a major global public health threat. An analysis
of global data showed AMR to be the third leading cause of death in 2019—4.95 million
deaths were associated with, and 1.27 million deaths were directly attributable to, the
phenomenon [1]. AMR disproportionately affects low- and middle-income countries
(LMICs), where weak health systems, limited resources, and a high burden of infectious
diseases further complicate the effective control of AMR [2,3]. The use of antimicrobials
in humans, animals, food production, and the environment directly contributes to the
rising rates of AMR, underscoring the importance of adopting a One Health approach to
global AMR response efforts [4]. Modeling studies show that reducing antibiotic use in
animal production will reduce the emergence of AMR in animals and eventually reduce
the spread of resistance from animals to humans [5]. Efforts to reduce antibiotic use in
food production systems and animals are ongoing [6-8]. However, the unavailability of
data on antimicrobial consumption (AMC), especially in LMICs, presents a challenge. A
systematic review of efforts to identify and combat AMR in Uganda revealed that only
12 of the 163 articles included in the analysis focused on AMR in the veterinary/animal
context, and only six of the 163 articles focused on a One Health approach [9].

With over 80% of the population in Uganda engaging in agricultural activities [10] and
given cited incidences of inappropriate crossover use of antimicrobials meant for humans in
animals [11,12], antimicrobial-use surveillance employing a One Health approach is needed
to inform the control efforts undertaken by the national AMR program. One such approach
as laid out in the Uganda National Action on AMR [13] strategic objective 4 could be
measuring antibiotics consumed in both human and animal health sectors. This could serve
as a precursor for designing targeted interventions and informing policy and guidelines,
for which data on consumption patterns at national and user levels are also needed. In this
paper, we aimed to analyze the consumption of antimicrobials imported for veterinary use
in Uganda using routinely collected data at the NDA.

There is still a paucity of AMC data in the veterinary sectors in the global literature.
Even countries with developed surveillance systems have little information on the appro-
priate use of antimicrobials in animals [14]. In LMICs, data are often missing or, where
available, are not truly representative of the total consumption when studies only focus
on a particular species or farm level. Understanding the patterns and appropriateness of
AMC in livestock at the national level is important in countries like Uganda where livestock
farming and agriculture contribute to a high percentage of economic livelihood [15].

Various methodologies have been proposed to measure AMC in animals, notably,
monitoring use at farm level, veterinary prescriptions and pharmaceutical distributors, and
sales data. For LMICs, where sophisticated systems for data capture are not yet available,
data may be gathered through Point Prevalence Studies (PPS) or longitudinal studies on
consumption at the farm level; however, this would not provide a national level estimate of
consumption. WHO and WOAH have recommended that countries set up surveillance
systems at the national level that monitor antimicrobial consumption in both humans and
animals and encourage reporting these data globally through the Global Antimicrobial
Resistance and Use Surveillance System (GLASS) [16]. Using import and/or sales data
is one of the recommended ways of measuring AMC at the national level [17,18]. The
measurement of AMC in humans is more advanced in terms of the harmonization of
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methods for measurement worldwide. However, for animals, the crude measurement of
antimicrobials in tonnes or kilograms indirectly represents antimicrobial exposure and is
more of a measure based on selective pressure on antimicrobials.

This study presents part of the results from Uganda’s efforts to develop a national
AMC surveillance system at the National Drug Authority. We used import data for the
year 2021 to estimate AMC at the national level for both humans and animals. The findings
of this study only focused on veterinary antimicrobials, as a report on AMC in the human
sector has been published separately [19].

2. Results
2.1. Quantity of Antibacterials and Antiprotozoals per Product

Antibacterials constituted 77.2% (88,387.37 kg, or 88.39 tonnes) and antiprotozoals
22.8% (26,036.42 kg, or 26.04 tonnes) of the total antimicrobials imported for veterinary
use. Among the antibacterials, oral antibacterials accounted for 36.2% (32,011.71 kg) and
parenteral antibiotics for 63.8% (56,375.65 kg). Oxytetracycline, sulphadiazine + trimetho-
prim, and penicillin g/dihydrostreptomycin together accounted for 76.9% of antimicrobial
consumption. Table 1 shows the quantities of antibacterials imported for veterinary use
in 2021.

Table 1. Quantity (kg) of antibacterials intended for veterinary use imported into Uganda in 2021.

Quantity in Kg
* VET_ATC5 CODE Medicine Name Kg %
1 QJO1AA06 Oxytetracycline 51,657.21 58.4%
2 QJO1EW10 Sulphadiazine + Trimethoprim 9776.54 11.1%
3 QJ51RC22 Penicillin G + Dihydrostreptomycin 6564.02 7.4%
4 QJ51RC23 Penicillin G Procaine + Dihydrostreptomycin 6017.80 6.8%
5 QJO1AAQ7 Tetracycline Hydrochloride 3050.02 3.5%
6 QJO1FA90 Tylosin 2818.08 3.2%
7 QJO1FAO01 Erythromycin 2251.35 2.5%
8 QJO1IMA90 Enrofloxacin 1615.51 1.8%
9 QJO1EW11 Trimethoprim + Sulfamethoxazole 1545.89 1.7%
10 QAQ07AA51 Doxycycline + Neomycin 720 0.8%
11 QJO1AA02 Doxycycline 682 0.8%
12 QJO1RA90 Doxycycline + Tylosin 456.4 0.5%
13 QG51AG07 Ampicillin + Colistin 444 0.5%
14 QJ01GB03 Gentamicin 254.12 0.3%
15 Not assigned Tylosin Tartrate + Gentamicin Sulphate 209.09 0.2%
16 QJO1RAO1 Amoxycillin + Gentamicin 131.67 0.1%
17 QA07AA10 Colistin 69.03 0.1%
18 QJO1AA56 Oxytetracycline + Neomycin 50.4 0.1%
19 QJOIRA95 Erythromcin 35 mg/Streptomycin 35 mg/ 30.72 0.0%

Oxytetracycline 5000 mg/Colistin 225,000 IU




Antibiotics 2025, 14, 150 40f 13

Table 1. Cont.

Quantity in Kg
* VET_ATC5 CODE Medicine Name Kg %
20 QJO1EW17 Sulfamonomethoxine Sodium + Trimethoprim 28.5 0.0%
21 QJO1IRA90 Doxycycline + Sodium Sulphacetamide 15.02 0.0%
Total 88,387.37 100.0%

* VET_ATCS: Veterinary Anatomical Therapeutic Chemical Level 5 Category.

2.2. Proportions of Veterinary Antibacterials Imported into Uganda in 2021 by
Pharmacological Class

Tetracyclines accounted for the majority (62.7%) of antibacterials imported into Uganda
in 2021 (Table 2).

Table 2. Proportions by pharmacological class of antibacterials imported in Uganda in 2021.

TOTAL QTY IN KG
ATC3 Code ATC3Name ATC4Name Kg %
1 QJO1AA Tetracyclines Tetracyclines 51,657.21  59.0%
2 QpsiR  Combinations of antibacterials for ) i o1 coside + Penicillin 977654  11.2%
Intramammary use
3 QJO1E Sulfonamides and trimethoprim Sulfonamides and trimethoprim 6564.02 7.5%
4 QJO1F Macrolides Macrolides 6017.80 6.9%
5 QJo1IM Fluoroquinolones Fluoroquinolones 3050.00 3.5%
6 QA07A Intestinal antiinfectives Aminoglycoside + Tetracycline 2818.08 3.2%
7 QJO1IR Combinations of antibacterials Tetracycline + Macrolide 2251.35 2.6%
8 QG51A Antiinfectives for intrauterine use Polymixin + Penicillin 1615.51 1.8%
9 QJo1G Aminoglycosides Aminoglycosides 1545.89 1.8%
10 QJO1IR Combinations of antibacterials Aminoglycoside + macrolide 720 0.8%
11 QAO07A Intestinal antiinfectives Polymixins 682 0.8%
12 QJO1IR Combinations of antibacterials Polymixin + three others 456.4 0.5%
13 QJO1IR Combinations of antibacterials Tetracyclines + Sulfonamides 444 0.5%
TOTAL 87,598.80 1.00

2.3. Proportions of Antibacterials Classified by WOAH Veterinary Critically Important
Antimicrobials (CIA)

Almost all (99.4%) the antibacterials belonged to the WOAH Veterinary CIA class.
Only a small percentage (0.6%) belonged to the WHOA Veterinary Highly Important
Antimicrobial (HIA) Agents class, including colistin and ampicillin + colistin combina-
tion products.

2.4. Proportions of Antibacterials by WHO Critically Important Antimicrobials Classification

Using the WHO CIA classification system, most of the antibacterials belonged to
the HIA group (66,755.18 kg, 76%) and the CIA group (13,738.01 kg, 16%), with a small
percentage assigned to the highest priority critically important antimicrobials (HPCIA)
group (7894.18 kg, 8.9%). The HPCIA group was mostly antibacterials containing colistin
and macrolides. Figure 1 shows via a Tree Map visual, the different agents in each WHO
classification group.
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Figure 1. Proportions of antibacterials in each WHO classification group. HIA: Highly Important An-
timicrobials; CIA: Critically Important Agents; HPCIA: Highest Priority Critically Important Agents.

2.5. Proportion by the EU AMEG Classification on Prudent Use of Antimicrobials [19]

The EU AMEG classification analysis revealed that most of the antibacterials consumed
belonged to the D class (low risk for AMR (66,755.18 kg, 76%), followed by C class (caution,
intermediate risk) (19,472.93 kg, 22%), and finally a small proportion belonged to B class
(high risk, restricted use) (2159.26, 2%). There were no medicines in the A class (avoid)
imported into Uganda in 2021 (Figure 2).
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Figure 2. Proportions of antibacterials by EU AMEG class.

3. Discussion

The findings of this study contribute to understanding national-level antimicrobial
consumption in the veterinary sector in Uganda and is, to our knowledge, the first of such
studies to come from Uganda. We demonstrate the feasibility of using national import data
to measure veterinary AMC, which can be replicated in countries of similar context where
point-of-use data is difficult to obtain. We present findings from a comparison of Uganda’s
AMC data against the WHO, WOAH, and EU AMEG classifications and recommendations.
Our study followed recommendations of the WOAH AMC surveillance in the animal
health sector [20]. It also supplements another qualitative assessment and knowledge,
attitudes, and practices survey conducted among veterinary drug supply chain entities and
veterinary practitioners [21]. Our veterinary sector AMC study and our previous AMC
studies in human health adopted a One Health approach that provides a benchmark to
enable policymakers in Uganda to assess trends over time [19,22].

We found consumption to be similar to what was reported in the WOAH’s 8th Annual
Report on Antimicrobial Agents Intended for Use in Animals [23] and other studies from
countries in Sub-Saharan Africa [24-26]—that tetracyclines were the most commonly used
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veterinary antimicrobial, especially in low income countries, which, given the income
profile, is most likely due to its affordability and broad spectrum of activity. Given the vari-
ability in consumption of antibiotics in animal health, the large number of species involved,
and variations by country, it is important that national AMC data are complemented by
antibiotic use patterns that will provide data on how antibiotics are used in the distribution
pathway [14]. The recent development and approval of an Essential Veterinary Medicines
List for Uganda [27] is a big step towards the standardization of antibiotics imported and
used in the country, which in turn will strengthen surveillance and stewardship practices
in the country.

The findings that oxytetracycline, sulphadiazine + trimethoprim, penicillin g/dihydro-
streptomycin, penicillin G procaine + dihydrostreptomycin, and tetracycline are the most
consumed antibiotics is consistent with what was observed globally (especially in LMICs)
and reported in the 8th Annual Report on Antimicrobial Agents Intended for Use in An-
imals. This observed consumption is similar to reported patterns of use at the farm and
community veterinary pharmacy levels in Uganda [28]. Additionally, the observed pattern
of antibiotic consumption may not reflect use, given the reported crossover use of antibi-
otics meant for human health to animal health [12,29,30]. This finding has implications
for antimicrobial stewardship (AMS) and One Health, with studies showing significant
antibiotic residues in animal food products in Uganda [31,32]. Relatedly, the pattern of
consumption at the national level will reflect use at the farm and community pharmacy
levels and the rest of the distribution pathway. The poorly regulated use of antibiotics in
the veterinary sector in Uganda could explain this observed pattern [12]. Recent studies
have shown that most dispensers and users of veterinary drugs in Uganda do not have the
necessary skills for and knowledge about veterinary medicine [21]. ‘Quick farming’ (“an
entrepreneurial phenomenon that sees Ugandans raising ‘exotic” livestock with imported
methods and measures for production, including antibiotics for immediate therapy, preven-
tion of infections and to promote production and protection of livelihoods”) as a method
for growing exotic pigs and poultry with the promise of stable income contributes to the
high use of antimicrobials in animals and is a major driver for AMR in Uganda [33]. As a
result, these findings warrant concern because there has been an increase in the resistance
of gram-negative organisms to tetracyclines (28-81%) and penicillins (42-97%), while an-
other study reported 100% resistance of E. coli isolates to tetracyclines [34,35]. Rising rates
of resistance to tetracyclines will be of particular concern for Uganda and other LMICs
given the observed finding that tetracyclines are the most consumed veterinary antimi-
crobial. Very high rates of resistance of s. aureus isolates to penicillin G were reported by
previous studies indicating the urgent need to translate such data into the enforcement
of regulatory policies and better sensitize the animal health sector [36]. The presence of
methicillin-resistant Staphylococcus (S.) aureus in Ugandan pig herds along with high levels
of resistance to commonly used veterinary antimicrobials as found in our study further
warrants continued surveillance [37]. Antimicrobial use in animals can affect resistance in
humans and vice versa, further emphasizing the need for stepping up animal health sector
surveillance with the overall aim to prevent AMR transmission across various One Health
domains [38].

Variation was seen in antimicrobial consumption as defined by the three surveillance
systems, i.e., WOAH, WHO, and EU AMEG. These systems use different nomenclatures to
classify antimicrobials based on their importance for human health and the risk of resistance
emergence. The findings based on WHO classification by HIA, CIA, and HPCIA now pro-
vide baseline information that can be tracked longitudinally over time. It can contribute to
data-driven policy discussions to optimize the use of antimicrobials in veterinary practices
via targets using a One Health approach given the risks to human health [39].
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The noted finding with respect to the use of colistin in veterinary practice is of concern.
The veterinary drug register for Uganda includes a number of antimicrobial combination
formulations that contain colistin, which is in the category of HPCIA for use in humans
and is not permitted for veterinary use in most EU countries where these formulations
are manufactured. Just as it is a requirement for drugs intended for human health that a
drug or antimicrobial must be licensed for use in its country of origin, there is a need for
the Uganda NDA to discourage the import and registration of veterinary antibacterials
(including multiple ingredient coformulations) that are not permitted for use or have been
banned in their country of origin. With respect to colistin, this calls for a policy review and
the activation of stricter regulatory controls because of its importance in human medicine
and the high risk that resistance to this last line and potentially lifesaving antibiotic will
emerge [40,41].

It is also important to note that despite ongoing efforts to set up AMC surveillance in
the animal health sector [42], there remains a lack of consensus globally on the appropriate
approach although the use of a common database has been applied by some LMICs to
overcome this challenge [43]. Importantly, the AMC surveillance program should be
developed in a gradual manner to enable systematic capacity building and, in the context
of LMICs, to allow for the long-term collection of comparable data across LMICs.

One major limitation with respect to our study is that the data may have been incom-
plete. Another is that the biomass data on animals in Uganda that is needed to make a
further detailed analysis of the use of the antibiotics were unavailable. Lastly, we could not
classify consumption further by species, types of animals, etc., which may limit the inter-
pretation and use of the findings. A further limitation of this study was that the available
data did not separate out veterinary antimicrobials that come in through Uganda’s ports
and are subsequently exported to neighboring countries such as South Sudan, and as such,
there is a chance that our results over-estimate veterinary antimicrobial consumption. En-
hanced regulatory oversight that tracks imported antimicrobials to final use and mandates
importers to report on quantities sold /used within the country and those that are exported
would help to overcome this limitation.

However, it is important to note that the data presented here were collected and
analyzed as part of a larger objective of setting up a national surveillance system for
collecting routine data at the NDA, as encouraged by WOAH. This and future iterations
will contribute to improving the system, the type and quality of data it produces, and,
subsequently, its useability at the country level to inform AMR policies and practices. A
national level AMC/U surveillance system housed in the country’s drug regulatory body
not only allows for routine surveillance and reporting but also addresses any concerns for
the sustainability of AMC/U surveillance in Uganda.

Although estimating AMC based on import data is common in LMICs [25,26,44],
where obtaining point-of-use data may be difficult, it risks overestimating consumption
since some of what is imported may expire before it is sold or used or may be exported
to neighboring countries—in the case of Uganda, to the Democratic Republic of Congo or
South Sudan. Systems for AMC surveillance in Africa need to be improved with better
tools, human resources capacity development, and financing. This will help improve the
collection of accurate data, advance data sharing, bridge the gap between human and
animal health, and strengthen data integration for a One Health approach to AMR control.
This is imperative given the emerging findings in Uganda of the strong likelihood of the
possible transmission of multi-drug-resistant bacteria between humans and animals [45].
It is also important to note that Uganda’s reliance on imports for veterinary medicines
poses an additional risk of counterfeit, sub-standard, and or falsified drugs coming onto
the market and places additional strain on the current regulatory capacity.
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The findings of this study also present an opportunity for the NDA and the Ministry
of Agriculture, Animal Industry and Fisheries to enforce mandatory annual reporting on
imports and exports by license holders of all animal and agricultural antimicrobials such
that missing data continually become more available.

In conclusion, our findings highlight the need for a national strategy on monitoring
antimicrobial consumption in Uganda’s livestock sector and periodic surveillance for the
emergence of resistance. We recommend strict regulatory oversight and adherence to
good practices for the importation and use of colistin and macrolides to combat AMR. We
propose that the Ministry of Agriculture, Animal Industry and Fisheries, in collaboration
with the Ministry of Health and NDA, put in place guidance specific to the importation
and use of antimicrobials, colistin, and colistin combination therapies in animals, as well as
inspect veterinary importers to track endline use of antimicrobials. This will provide more
information on veterinary practices, especially those crucial to AMR and the emergence of
resistance.

Future research should consider linking national veterinary AMC to animal demo-
graphics in Uganda using a Population Correction Unit as recommended by WOAH to
ease international comparisons of veterinary AMU.

4. Materials and Methods
4.1. Study Setting

Uganda is a landlocked country in East Africa with a population of 48.8 million
people [46]. Uganda’s Gross Domestic Product (GDP) per capita is USD 607 annually,
with the agricultural sector contributing 24.6% to the GDP and accounting for 71% of
employment [47]. Most (95%) of the medicines used in the country, including those
used in animal production and agriculture, are imported. All imports of medicines and
pharmaceuticals are regulated by the National Drug Authority (NDA). Veterinary medicines
are distributed mainly through the private sector, with importers and wholesale pharmacies
selling to retail outlets (pharmacies, drug shops) that in turn sell to farmers.

4.2. Study Design and Data Sources

We conducted a retrospective review of records of all veterinary antimicrobials im-
ported into the country in 2021. Access to the data was sought from and granted by the
NDA, and records were accessed through the NDA management information system.

4.3. Data Collection

Using a web-based tool developed by the NDA to extract the variables required for
measuring antimicrobial consumption (AMC) from the NDA management information
system into a Microsoft Excel® version number 2312 dataset, we obtained a list of all
antimicrobials (human and veterinary) imported into the country. For accuracy, we cross-
checked this with paper import documents from the four different ports of entry/customs
(Nakawa, Entebbe, Malaba, and Busia) where medicines enter the country and are verified
by the NDA before being introduced into the supply chain distribution. The variables
in the Microsoft Excel® version 2312 dataset included NDA registration number, brand
name, generic name, active pharmaceutical ingredients, route of administration, dosage
form, strength and unit of measure, pack size and unit of measure, batch quantity, unit
cost, total cost, NDA verification fees paid, currency used, import transportation details,
country of manufacture, license holder, date of entry, year of import, country of origin,
country of manufacture, name of importer, and type of import (human or veterinary). For
purposes of calculating AMC, we also collected data on strength per pack, base quantity,
total quantity imported in grams, total quantity in kilograms, Defined Daily Dose (DDD),
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Unit annual AMC (kg)

Anatomical Therapeutic Chemical Veterinary (ATCvet) classification code [48], and human
Anatomical Therapeutic Chemical (ATC) classification code. For data verification, all
entries were cross-checked with the NDA veterinary drugs registers (January and July 2021
versions). For missing data, we tracked individual corresponding paper records, and or
cross-checked with the drug register to fill the gap. We were unable to include products
locally manufactured within the country because information on those was not readily
available in NDA records. The active ingredients are imported, and data regarding these
imports are recorded at the port of entry, which is reflected in our import data.

4.4. Antimicrobials Included

For this study, we included veterinary antimicrobials belonging to the following
ATCvet classes: QJ01—antibacterials for systemic use; QJ51—antimicrobials for intra-
mammary use; QG0l—gynecological anti-infectives and antiseptics; QA07 A—intestinal
anti-infectives; and QG51— anti-infectives and antiseptics for intrauterine use.

4.5. Data Analysis

For this analysis, we adopted the World Organization for Animal Health (WOAH)
methodology for calculating the quantities of antimicrobials used [49]. For calculation of
kilograms (kg) of antimicrobial agent (active chemical ingredient), the stated amount on
each package was used and converted from mg, international units, weight-in-volume,
or weight-in-weight to grams. The total grams per package was multiplied by the total
number of packages imported that year to get the annual consumption, which was then
divided by 1000 to obtain quantity in kg.

_ Amount of each package used (g) x total number of packages imported
N 1000

For analysis, drugs were categorized by pharmacological, WHO Critically Impor-
tant Antimicrobials (CIA), WOAH Veterinary Critically Important Antimicrobial Agents
(VCIA), and the European Union’s Antimicrobial Advice Ad-Hoc Expert Group (AMEG)
classifications [50].

The mathematical conversions were performed in a Microsoft Excel® version 2312
sheet and transferred to IBM SPSS® version 28 for analysis. Quantities were summarized
as proportions.

Author Contributions: Conceptualization, M.M., RK,, ] PW. and H.B.N.; methodology, M.M., ].N.,
HB.N,D.NK, AS, KR, M.B. and PV, validation, ].N. and P.V,; formal analysis, L.M., D.K. and ].N.;
resources, H.B.N., D.N.K., A.S.,, M.B. and H.A.; data curation, D.K. and ].N.; writing—original draft
preparation, M.M., RK. and ].N.; writing—review and editing, M.M., RK,, ] PW,, HB.N.,, D.N.K,,
J.N.,, J.PW, HK, N.K. and H.A_; supervision, M.M., D.N.K,, H.B.N., M.B,, R K. and H.A.; project
administration, R.K.,, M.M., ].PW,, HK. and N.K.; funding acquisition, N.K. All authors have read
and agreed to the published version of the manuscript.

Funding: This study was made possible by the generous support of the American people through
the US Agency for International Development (USAID) contract no. 7200AA18C00074.

Institutional Review Board Statement: No human subjects or animal subjects were involved in
this study and therefore no ethics approval was required because it entailed a review of approved
antimicrobials in import records. This work was part of the National Action Plan on AMR approved
by the Government of Uganda.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data will be made available upon request.



Antibiotics 2025, 14, 150 11 of 13

Conflicts of Interest: Authors Helen Byomire Ndagije, Diana Nakitto Kesi, Allan Serwanga and
Mark Barigye were employed by the National Drug Authority. The remaining authors declare that
the research was conducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

References

1. Murray, C.J.L,; Ikuta, K.S.; Sharara, F.; Swetschinski, L.; Aguilar, G.R.; Gray, A.; Han, C.; Bisignano, C.; Rao, P.; Wool, E.; et al.
Global burden of bacterial antimicrobial resistance in 2019: A systematic analysis. Lancet 2022, 399, 629-655. [CrossRef] [PubMed]

2. Iskandar, K.; Molinier, L.; Hallit, S.; Sartelli, M.; Hardcastle, T.C.; Haque, M.; Lugova, H.; Dhingra, S.; Sharma, P,; Islam, S.; et al.
Surveillance of antimicrobial resistance in low- and middle-income countries: A scattered picture. Antimicrob. Resist. Infect.
Control 2021, 10, 1-19. [CrossRef] [PubMed]

3. Sulis, G.; Sayood, S.; Gandra, S. Antimicrobial resistance in low- and middle-income countries: Current status and future
directions. Expert Rev. Anti-Infect. Ther. 2021, 20, 147-160. [CrossRef] [PubMed]

4. World Health Organization (WHO). Global Action Plan on Antimicrobial Resistance. 2015. Available online: https://www.who.
int/publications/i/item /9789241509763 (accessed on 7 January 2024).

5. van Bunnik, B.A.D.; Woolhouse, M.E.J]. Modelling the impact of curtailing antibiotic usage in food animals on antibiotic resistance
in humans. R. Soc. Open Sci. 2017, 4, 161067. [CrossRef]

6.  Van Boeckel, T.P; Glennon, E.E.; Chen, D.; Gilbert, M.; Robinson, T.P,; Grenfell, B.T.; Levin, S.A.; Bonhoeffer, S.; Laxminarayan, R.
Reducing antimicrobial use in food animals. Science 2017, 357, 1350-1352. [CrossRef]

7. Batie, C.; Minh, H.T.; Vu, V.A.T;; Luong, D.T.; Pham, T.T.; Fortané, N.; Duc, P.P.; Goutard, FL. Reducing antimicrobial use in
chicken production in Vietnam: Exploring the systemic dimension of change. PLoS ONE 2023, 18, €0290296. [CrossRef] [PubMed]

8. Jensen, H.H.; Hayes, D.]. Impact of Denmark’s ban on antimicrobials for growth promotion. Curr. Opin. Microbiol. 2014, 19, 30-36.
[CrossRef] [PubMed]

9.  Kivumbi, M.T,; Standley, C.J. Efforts to identify and combat antimicrobial resistance in Uganda: A systematic review. Trop. Med.
Infect. Dis. 2021, 6, 86. [CrossRef]

10. Uganda Bureau of Statistics (UBOS). The Annual Agriculture Survey 2018: Statistical Release; Uganda Bureau of Statistics (UBOS):
Kampala, Uganda, 2020. Available online: https://www.ubos.org/wp-content/uploads/publications/06_2020AAS_2018
_Report_Final_050620.pdf (accessed on 30 September 2023).

11. Musoke, D.; Namata, C.; Lubega, G.B.; Kitutu, FE.; Mugisha, L.; Amir, S.; Brandish, C.; Gonza, J.; Ikhile, D.; Niyongabo, F.; et al.
Access, use and disposal of antimicrobials among humans and animals in Wakiso district, Uganda: A qualitative study. J. Pharm.
Policy Pract. 2021, 14, 1-12. [CrossRef] [PubMed]

12.  Myers, J.; Hennessey, M.; Arnold, J.-C.; McCubbin, K.D.; Lembo, T.; Mateus, A.; Kitutu, FE.; Samanta, I.; Hutchinson, E.; Davis, A.;
et al. Crossover-Use of Human Antibiotics in Livestock in Agricultural Communities: A Qualitative Cross-Country Comparison
between Uganda, Tanzania and India. Antibiotics 2022, 11, 1342. [CrossRef]

13.  Government of Uganda. Antimicrobial Resistance National Action Plan 2018-2023. 2018. Available online: https://www.who.
int/publications/m/item/uganda-antimicrobial-resistance-national-action-plan-2018-2023 (accessed on 30 September 2023).

14. Mikecz, O.; Pica-Ciamarra, U.; Felis, A.; Nizeyimana, G.; Okello, P; Brunelli, C. Data on antimicrobial use in livestock: Lessons
from Uganda. One Health 2020, 10, 100165. [CrossRef]

15.  FAO. The Future of Livestock in Uganda. Opportunities and Challenges in the Face of Uncertainty; FAO: Rome, Italy, 2019.

16. World Health Organization. Global Antimicrobial Resistance and Use Surveillance System (GLASS) Report 2022; World Health
Organization: Geneva, Switzerland, 2022.

17. World Organization for Animal Health. OIE Annual Report on Antimicrobial Agents Intended for Use in Animals. Better
Understanding of the Global Situation. Fourth Report. 2020. Available online: https://www.woah.org/fileadmin/Home/eng/
Our_scientific_expertise/docs/pdf/A_Fourth_Annual_Report_ AMU.pdf (accessed on 15 January 2025).

18. Ching, C.; Zaman, M.H.; Wirtz, V.J. Evaluation of Surveillance Strategies of Antimicrobial Consumption in Animals. Antibiotics
2024, 13, 505. [CrossRef] [PubMed]

19. Murungi, M.; Ndagije, H.B.; Kiggundu, R.; Kesi, D.N.; Waswa, ].P; Rajab, K; Barigye, M.; Serwanga, A.; Manirakiza, L.; Kasujja,
H.; et al. Antimicrobial consumption surveillance in Uganda: Results from an analysis of national import data for the human
health sector, 2018-2021. J. Infect. Public Health 2023, 16 (Suppl. S1), 45-51. [CrossRef] [PubMed]

20. Gochez, D.; Raicek, M.; Ferreira, ].P.,; Jeannin, M.; Moulin, G.; Erlacher-Vindel, E. OIE annual report on antimicrobial agents
intended for use in animals: Methods used. Front. Vet. Sci. 2019, 6, 317. [CrossRef] [PubMed]

21. Dione, M.M.; Amia, W.C.; Ejobi, F.; Ouma, E.A.; Wieland, B. Supply Chain and Delivery of Antimicrobial Drugs in Smallholder

Livestock Production Systems in Uganda. Front. Vet. Sci. 2021, 8, 611076. [CrossRef]


https://doi.org/10.1016/S0140-6736(21)02724-0
https://www.ncbi.nlm.nih.gov/pubmed/35065702
https://doi.org/10.1186/s13756-021-00931-w
https://www.ncbi.nlm.nih.gov/pubmed/33789754
https://doi.org/10.1080/14787210.2021.1951705
https://www.ncbi.nlm.nih.gov/pubmed/34225545
https://www.who.int/publications/i/item/9789241509763
https://www.who.int/publications/i/item/9789241509763
https://doi.org/10.1098/rsos.161067
https://doi.org/10.1126/science.aao1495
https://doi.org/10.1371/journal.pone.0290296
https://www.ncbi.nlm.nih.gov/pubmed/37683022
https://doi.org/10.1016/j.mib.2014.05.020
https://www.ncbi.nlm.nih.gov/pubmed/24997397
https://doi.org/10.3390/tropicalmed6020086
https://www.ubos.org/wp-content/uploads/publications/06_2020AAS_2018_Report_Final_050620.pdf
https://www.ubos.org/wp-content/uploads/publications/06_2020AAS_2018_Report_Final_050620.pdf
https://doi.org/10.1186/s40545-021-00361-4
https://www.ncbi.nlm.nih.gov/pubmed/34416911
https://doi.org/10.3390/antibiotics11101342
https://www.who.int/publications/m/item/uganda-antimicrobial-resistance-national-action-plan-2018-2023
https://www.who.int/publications/m/item/uganda-antimicrobial-resistance-national-action-plan-2018-2023
https://doi.org/10.1016/j.onehlt.2020.100165
https://www.woah.org/fileadmin/Home/eng/Our_scientific_expertise/docs/pdf/A_Fourth_Annual_Report_AMU.pdf
https://www.woah.org/fileadmin/Home/eng/Our_scientific_expertise/docs/pdf/A_Fourth_Annual_Report_AMU.pdf
https://doi.org/10.3390/antibiotics13060505
https://www.ncbi.nlm.nih.gov/pubmed/38927172
https://doi.org/10.1016/j.jiph.2023.10.029
https://www.ncbi.nlm.nih.gov/pubmed/37926595
https://doi.org/10.3389/fvets.2019.00317
https://www.ncbi.nlm.nih.gov/pubmed/31681799
https://doi.org/10.3389/fvets.2021.611076

Antibiotics 2025, 14, 150 12 of 13

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Namugambe, ].S.; Delamou, A.; Moses, E; Ali, E.; Hermans, V.; Takarinda, K.; Thekkur, P.; Nanyonga, S.M.; Koroma, Z.; Mwoga,
J.N.; et al. National antimicrobial consumption: Analysis of central warehouses supplies to in-patient care health facilities from
2017 to 2019 in Uganda. Trop. Med. Infect. Dis. 2021, 6, 83. [CrossRef] [PubMed]

World Organization for Animal Health. Annual Report on Antimicrobial Agents Intended for Use in Animals. 8th Report. 2024.
Available online: https:/ /www.woah.org/app/uploads/2024/05/woah-amu-report-2024-final.pdf (accessed on 15 January
2025).

Tebug, S.F; Mouiche, M.M.M.; Abia, W.A_; Teno, G.; Tiambo, C.K.; Moffo, F.; Awah-Ndukum, J. Antimicrobial use and practices
by animal health professionals in 20 sub-Saharan African countries. Prev. Vet. Med. 2021, 186, 105212. [CrossRef]

Mouiche, M.M.M.; Moffo, F.; Betsama, ].D.B.; Mapiefou, N.P.; Mbah, C.K.; Mpouam, S.E.; Penda, R.E.; Ciake, S.A.C.; Feussom,
JM.K.; Kamnga, Z.F; et al. Challenges of antimicrobial consumption surveillance in food-producing animals in sub-Saharan
African countries: Patterns of antimicrobials imported in Cameroon from 2014 to 2019. J. Glob. Antimicrob. Resist. 2020, 22,
771-778. [CrossRef]

Sangeda, R.Z.; Baha, A.; Erick, A.; Mkumbwa, S.; Bitegeko, A; Sillo, H.B.; Fimbo, A.M.; Chambuso, M.; Mbugi, E.V. Consumption
Trends of Antibiotic for Veterinary Use in Tanzania: A Longitudinal Retrospective Survey From 2010-2017. Front. Trop. Dis. 2021,
2,694082. [CrossRef]

Republic of Uganda Ministry of Agriculture Animal Industry and Fisheries (MAAIF). Essential Veterinary Medicines List for
Uganda. 2020. Available online: https:/ /ugandavetassociation.org/download/essential-veterinary-medicines-list-for-uganda-
2020/ (accessed on 7 August 2023).

Samuel, M.; Wabwire, T.F; Tumwine, G.; Waiswa, P. Antimicrobial Usage by Small-Scale Commercial Poultry Farmers in
Mid-Western District of Masindi Uganda: Patterns, Public Health Implications, and Antimicrobial Resistance of E. coli. Vet. Med.
Int. 2023, 2023, 6644271. [CrossRef]

McCubbin, K.D.; Ramatowski, ].W.; Buregyeya, E.; Hutchinson, E.; Kaur, H.; Mbonye, A K.; Mateus, A.L.P; Clarke, S.E. Unsafe
‘crossover-use’ of chloramphenicol in Uganda: Importance of a One Health approach in antimicrobial resistance policy and
regulatory action. J. Antibiot. 2021, 74, 417-420. [CrossRef] [PubMed]

Nayiga, S.; Nayiga, S.; Kayendeke, M.; Kayendeke, M.; Nabirye, C.; Nabirye, C.; Willis, L.D.; Willis, L.D.; Chandler, C.IR,;
Chandler, C.I.R.; et al. Use of antibiotics to treat humans and animals in Uganda: A cross-sectional survey of households and
farmers in rural, urban and peri-urban settings. JAC-Antimicrob. Resist. 2020, 2, dlaa082. [CrossRef] [PubMed]

Basulira, Y.; Olet, S.A.; Alele, P.E. Inappropriate usage of selected antimicrobials: Comparative residue proportions in rural and
urban beef in Uganda. PLoS ONE 2019, 14, e0209006. [CrossRef]

Kebirungi, P.; Nyombi, A.; Omara, T.; Adaku, C.; Ntambi, E. Oxytetracycline residues in bovine muscles, liver and kidney tissues
from selected slaughter facilities in South Western Uganda. Bull. Natl. Res. Cent. 2022, 46, 1-9. [CrossRef]

Kayendeke, M.; Denyer-Willis, L.; Nayiga, S.; Nabirye, C.; Fortané, N.; Staedke, S.G.; Chandler, C.I. Pharmaceuticalised
livelihoods: Antibiotics and the rise of ‘Quick Farming’ in peri-urban Uganda. J. Biosoc. Sci. 2023, 55, 995-1014. [CrossRef]
Namubiru, S.; Migisha, R.; Okello, P.E.; Simbwa, B.; Kabami, Z.; Agaba, B.; Zalwango, J.F,; Naiga, H.N.; Zalwango, M.G;
Wanyana, M.W.; et al. Increasing trends of antibiotic resistance in Uganda: Analysis of the national antimicrobial resistance
surveillance data, 2018-2021. BMC Infect. Dis. 2024, 24, 930. [CrossRef] [PubMed]

Kabaalu, A. Isolation, Identification and Antimicrobial Susceptability of E. coli and Salmonella in Commercial Layer Chicken on
Selected Farms in Kasanje Sub-County, Wakiso District Uganda. Ph.D. Thesis, Makerere University, Kampala, Ugandam, 2019.
UNAS; CDDEP; GARP-Uganda; Mpairwe, Y.; Wamala, S. Antibiotic Resistance in Uganda: Situation Analysis and Recommendations;
Uganda National Academy of Sciences, Center for Disease Dynamics, Economics & Policy: Kampala, Uganda, 2015; p. 107.
Ikwap, K.; Gertzell, E.; Hansson, I.; Dahlin, L.; Selling, K.; Magnusson, U.; Dione, M.; Jacobson, M. The presence of antibiotic-
resistant Staphylococcus spp. and Escherichia coli in smallholder pig farms in Uganda. BMC Vet. Res. 2021, 17, 31. [CrossRef]
Allel, K,; Day, L.; Hamilton, A.; Lin, L.; Furuya-Kanamori, L.; Moore, C.E.; Van Boeckel, T.; Laxminarayan, R.; Yakob, L. Global
antimicrobial-resistance drivers: An ecological country-level study at the human-animal interface. Lancet Planet. Health 2023, 7,
€291-e303. [CrossRef] [PubMed]

Tang, K.L.; Caffrey, N.P.; N6brega, D.B.; Cork, S.C.; Ronksley, P.E.; Barkema, H.W.; Polachek, A.J.; Ganshorn, H.; Sharma, N.;
Kellner, ].D.; et al. Restricting the use of antibiotics in food-producing animals and its associations with antibiotic resistance in
food-producing animals and human beings: A systematic review and meta-analysis. Lancet Planet. Health 2017, 1, e316—e327.
[CrossRef] [PubMed]

Umair, M.; Hassan, B.; Farzana, R.; Ali, Q.; Sands, K.; Mathias, J.; Afegbua, S.; Haque, M.N.; Walsh, T.R.; Mohsin, M. International
Manufacturing and Trade in Colistin, its Implications in Polymyxin Resistance and One-Health Global Policies: A Microbiological,
Economic and Anthropological Study. Lancet Microbe 2022, 4, e264—e276. [CrossRef] [PubMed]

Rhouma, M.; Beaudry, F; Thériault, W.; Letellier, A. Colistin in pig production: Chemistry, mechanism of antibacterial action,
microbial resistance emergence, and one health perspectives. Front. Microbiol. 2016, 7, 1789. [CrossRef] [PubMed]


https://doi.org/10.3390/tropicalmed6020083
https://www.ncbi.nlm.nih.gov/pubmed/34069434
https://www.woah.org/app/uploads/2024/05/woah-amu-report-2024-final.pdf
https://doi.org/10.1016/j.prevetmed.2020.105212
https://doi.org/10.1016/j.jgar.2020.06.021
https://doi.org/10.3389/fitd.2021.694082
https://ugandavetassociation.org/download/essential-veterinary-medicines-list-for-uganda-2020/
https://ugandavetassociation.org/download/essential-veterinary-medicines-list-for-uganda-2020/
https://doi.org/10.1155/2023/6644271
https://doi.org/10.1038/s41429-021-00416-3
https://www.ncbi.nlm.nih.gov/pubmed/33742170
https://doi.org/10.1093/jacamr/dlaa082
https://www.ncbi.nlm.nih.gov/pubmed/34223037
https://doi.org/10.1371/journal.pone.0209006
https://doi.org/10.1186/s42269-022-00702-6
https://doi.org/10.1017/S0021932023000019
https://doi.org/10.1186/s12879-024-09806-y
https://www.ncbi.nlm.nih.gov/pubmed/39251894
https://doi.org/10.1186/s12917-020-02727-3
https://doi.org/10.1016/S2542-5196(23)00026-8
https://www.ncbi.nlm.nih.gov/pubmed/37019570
https://doi.org/10.1016/S2542-5196(17)30141-9
https://www.ncbi.nlm.nih.gov/pubmed/29387833
https://doi.org/10.1016/S2666-5247(22)00387-1
https://www.ncbi.nlm.nih.gov/pubmed/36931291
https://doi.org/10.3389/fmicb.2016.01789
https://www.ncbi.nlm.nih.gov/pubmed/27891118

Antibiotics 2025, 14, 150 13 of 13

42.

43.

44.

45.

46.

47.

48.

49.

50.

Umair, M.; Mohsin, M.; Sénksen, U.W.; Walsh, T.R.; Kreienbrock, L.; Laxminarayan, R. Measuring antimicrobial use needs global
harmonization. Glob. Chall. 2021, 5, 2100017. [CrossRef] [PubMed]

Mohsin, M.; Farooq, U.; Hartmann, M.; Brogden, S.; Kreienbrock, L.; Stoffregen, J. Case Study: Using a Shared International
Database to Document Veterinary Consumption of Antibiotics in Pakistan. Antibiotics 2023, 12, 394. [CrossRef] [PubMed]
Umair, M.; Orubu, S.; Zaman, M.H.; Wirtz, V.J.; Mohsin, M. Veterinary consumption of highest priority critically important
antimicrobials and various growth promoters based on import data in Pakistan. PLoS ONE 2022, 17, €0273821. [CrossRef]
Iramiot, J.S.; Kajumbula, H.; Bazira, J.; Kansiime, C.; Asiimwe, B.B. Antimicrobial resistance at the human-animal interface in the
Pastoralist Communities of Kasese District, South Western Uganda. Sci. Rep. 2020, 10, 14737. [CrossRef] [PubMed]

The World Bank. Data | Uganda. Available online: https://data.worldbank.org/country /UG (accessed on 22 January 2024).
National Agricultural Biosecurity Center (NABC). Uganda Veterinary Response Capabilities (VetCap); NABC, Kansas State University:
Manhattan, KS, USA, 2011; Available online: https:/ /www.k-state.edu/nabc/docs/vetcap_country_profiles/Uganda_VetCap_
ExecSum_Report.pdf (accessed on 30 September 2023).

WHOCC. WHO Collaborating Centre for Drug Statistics Methodology | ATCvet Index 2023. Available online: https://www.
whoce.no/atcvet/atcvet_index/ (accessed on 30 September 2023).

World Organization for Animal Health (WOAH). Annual Report on Antimicrobial Agents Intended for Use in Animals, 6th ed.; World
Organization for Animal Health (WOAH): Geneva, Switzerland, 2022; Available online: https://www.woah.org/app/uploads/
2022/06/a-sixth-annual-report-amu-final. pdf (accessed on 30 September 2023).

European Medicines Agency (EMA). Categorisation of Antibiotics for Use in Animals for Prudent and Responsible Use.
2019. Available online: https://www.ema.europa.eu/en/documents/report/infographic-categorisation-antibiotics-use-animals-
prudent-and-responsible-use_en.pdf (accessed on 30 September 2023).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1002/gch2.202100017
https://www.ncbi.nlm.nih.gov/pubmed/34631149
https://doi.org/10.3390/antibiotics12020394
https://www.ncbi.nlm.nih.gov/pubmed/36830304
https://doi.org/10.1371/journal.pone.0273821
https://doi.org/10.1038/s41598-020-70517-w
https://www.ncbi.nlm.nih.gov/pubmed/32895433
https://data.worldbank.org/country/UG
https://www.k-state.edu/nabc/docs/vetcap_country_profiles/Uganda_VetCap_ExecSum_Report.pdf
https://www.k-state.edu/nabc/docs/vetcap_country_profiles/Uganda_VetCap_ExecSum_Report.pdf
https://www.whocc.no/atcvet/atcvet_index/
https://www.whocc.no/atcvet/atcvet_index/
https://www.woah.org/app/uploads/2022/06/a-sixth-annual-report-amu-final.pdf
https://www.woah.org/app/uploads/2022/06/a-sixth-annual-report-amu-final.pdf
https://www.ema.europa.eu/en/documents/report/infographic-categorisation-antibiotics-use-animals-prudent-and-responsible-use_en.pdf
https://www.ema.europa.eu/en/documents/report/infographic-categorisation-antibiotics-use-animals-prudent-and-responsible-use_en.pdf

	Introduction 
	Results 
	Quantity of Antibacterials and Antiprotozoals per Product 
	Proportions of Veterinary Antibacterials Imported into Uganda in 2021 by Pharmacological Class 
	Proportions of Antibacterials Classified by WOAH Veterinary Critically Important Antimicrobials (CIA) 
	Proportions of Antibacterials by WHO Critically Important Antimicrobials Classification 
	Proportion by the EU AMEG Classification on Prudent Use of Antimicrobials B19-antibiotics-3397007 

	Discussion 
	Materials and Methods 
	Study Setting 
	Study Design and Data Sources 
	Data Collection 
	Antimicrobials Included 
	Data Analysis 

	References

