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Abstract            

Objectives: This study presents a simple method to estimate the real supply and demand for 

azithromycin (AZA) antibiotic in 2022 and project its demand for the next 10 years in 

Khartoum State, Sudan.  

Methods: A descriptive cross-sectional market survey was conducted in three cities of 

Khartoum State from February 2022 to November 2022 by visiting 85 pharmacies. Basic 

questions were asked to the pharmacist through a questionnaire regarding the actual supply 

and demand of AZA.   

Results: The obtained data showed an actual supply of 158,386,750 AZA tablets/capsules 

and a real demand of 633,547,000 tablets/capsules in 2022. In addition, this study found that 

there was a gap between the supply-demand of approximately 668 million of AZA 

tablets/capsules until 2031.  Conclusions: This study can be used as a guide to estimate the 

actual supply and the real demand for AZA antibiotic or any other antibiotic and to predict its 

real demand for the future.  
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Introduction 

The projection of future trends adds value 

to the improvement in supply and 

determines the actual supply and real 

demand for medicine in the current global 

affairs trend [1]. According to the World 

Economic Forum, projecting data on drug 

supply and demand would be used 

extensively to predict the treatment of 

unknown diseases [3,2]. The growth of 

drug supply and demand in the health care 

sector consists of adapting and pivoting to 

remain relevant in the marketplace. In 

general, health care businesses cannot be 

expected to grow due to changing demand, 

but your supply chain does not account for 

that change. Even with rapid supply chain 

growth, projection models can maintain a 

high level of performance by providing 

trend information based on observational 

data [2,4]. 

Medicines supply quantification in the 

process of calculating the quantities 

necessary for a certain health program and 

determining when the medical item should 

be delivered to guarantee that the intended 

service is continually given to the intended 

users. For reliable and successful medicine 

supply, information about consumption 

data, prescriptions and morbidity data are 

required [4,5]. This high complex process 

entails predicting the number of essential 

medicines required and serves as a basis 

for determining the appropriate quantity to 

procure.  

In Sudan, the medicine supply is 

controlled by the federal and state 

Departments of Pharmacy. These two 

sectors work collaboratively to ensure that 

medicines having certain qualities 

regarding efficacy, safety standards and 

affordability. To fulfill this job, a solid 

system for medicine supply including 

registration and pharmacy premises 

licensing is followed by federal and state 

Departments of Pharmacy 6].  

The demand for medicines in Sudan has 

been increased rapidly in the last two 

decades. These might be due to the 

population growth, increasing numbers of 
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local pharmaceutical manufacturers and 

pharmacies across the country. In addition, 

the population's financial ability to 

purchase medicines and the availability of 

improved health supplies might also 

participate in the demand growth. As the 

consequence, the increased demand has 

added an additional burden to federal and 

state Departments of Pharmacy to create 

effective tools for assessing the real 

demands of medicines and drug supply in 

the country [5,6]. 

According to the World Health 

Organization, infection is considered as 

the most important contributor to human 

morbidity and mortality until recent times. 

It affects millions of people worldwide and 

its treatment cost is high in different 

human societies [7].   

Azithromycin (AZA), a chemical analog 

of erythromycin, and belongs to a 

macrolide antibiotic group. AZA is an 

acid-stable and orally active antibiotic 

candidate [8]. It has a similar spectrum of 

antibacterial activity with other macrolides 

such as erythromycin; However, AZA is 

more active than erythromycin against 

many Gram-negative pathogens and 

several other pathogens, notably 

Haemophilus influenzae, Moraxella 

catarrhalis, Neisseria gonorrhoeae, 

Ureaplasma urealyticum and Borrelia 

burgdorferi [9]. In Sudan, AZA is among 

the most common antibiotic drugs that are 

dispensed without medical prescription.   

The objective of this study is to estimate 

the real supply and demand for AZA in 

2022 years in Khartoum State, Sudan. In 

addition, this study aims to project the real 

demand for this antibiotic to the next 10 

years.  

Methods  

Study design   

A cross-sectional survey was conducted by 

visiting 85 pharmacies (n = 85) within 

Khartoum State cities (Khartoum, 

Omdurman and Khartoum-North), Sudan 

to determine the annual consumption of 

AZA antibiotic from February 2022 to 

August 2022. In this study, the geographic 
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distribution and the number of pharmacies 

in the three main cities were as follows: 34 

pharmacies in Khartoum, 34 pharmacies in 

Omdurman, and 17 pharmacies in 

Khartoum-North.   

In Khartoum State, Sudan, medicines are 

dispensed by both the public and private 

healthcare sectors. The public healthcare 

system is governmental pharmacies, while 

the private sector consists of private 

pharmacies [10]. 

In this study, all factors were considered 

during the market survey such as type of 

pharmacy (both governmental and private 

sectors pharmacies were visited equally); 

location (both pharmacies in the middle 

and around the cities were visited equally), 

and population density.  

Collection and analysis of data  

To collect accurate data, questions were 

asked directly to pharmacists through a 

simple questionnaire. The questions were 

related to the annual sales of AZA 

antibiotic (in any dosage form and 

strength) and whether AZA is dispensed 

with a medical prescription; the types of 

infections that can be treated by AZA; and 

many others. The questionnaire was 

constructed to contain 4 open questions 

and three close-ended questions. 

 

1. How many AZA capsule/tablet did you dispense per month? 

...................................................... 

2. Did you dispense AZA capsule/tablet with or nthtiihisedt acidem ttohtiw?  

………………………………………… 

3. Please mention the most common types of infectious diseases for which you have 

dispensed AZA 

a. .......................................................... 

b. .......................................................... 

c. .......................................................... 

d. .......................................................... 

e. .......................................................... 

2. Did you agree that the AZA supply is mi  t tewhi itidisemht i iwmisohtiwis? 

a. Very much agree 

b. Agree 

c. Disagree 

d. Very much disagree 
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4.  Do you agree that we need to establish new  a hittemihii tccihteimtithaf of AZA in 

Sudan?  

a. Very much agree 

b. Agree 

c. Disagree 

d. Very much disagree 

5. Do you agree that the AZA price is affordable  it patients from the caletmii imi tehl?    

a. Very much agree 

b. Agree 

c. Disagree 

d. Very much disagree 

6. Please mention the most common mtdeie  e hm that you are informed from your patients 

after dispensing AZA? 

...................................................... 

Ethical considerations  

As no individual data were used in this 

analysis, no ethical approval was 

necessary under the applicable Napata 

College’s Ethical Guideline.  

Statistical analysis  

Data analysis was performed using 

Microsoft Excel 2010 and GraphPad prism 

version 8.0.2. Tables and figures were 

used to display the outcomes. Student’s t-

test was used to determine the significance 

of differences between dispensing of AZA 

with or without medical prescription. P-

value < 0.05 was considered statistically 

significant. 

Results  

Collection and analysis of data  

The sales per year for AZA 

tablets/capsules from pharmacies in the 

Khartoum state were collected. The sale of 

AZA per year in pharmacies for Khartoum 

city is shown in Table 3.1, for Omdurman 

city it is shown in Table 3.2 and for 

Khartoum North is shown in Table 3.3. In 

addition, the overall sale of AZA per year 

for the three cities is summarized in the 

Fig. 3.1.   
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Table 3.1. Annual sale of AZA in Khartoum City’s Pharmacies 

No. Pharmacy Code Sale of AZA 

tablet/capsule per year 

1.  A1 1350 

2.  B1 900 

3.  C1 300 

4.  D1 900 

5.  E1 320 

6.  F1 600 

7.  G1 1500 

8.  H1 2000 

9.  I1 600 

10.  J1 720 

11.  K1 400 

12.  L1 900 

13.  M1 320 

14.  N1 1800 

15.  O1 4500 

16.  P1 4500 

17.  Q1 900 

18.  R1 900 

19.  S1 2700 

20.  T1 270 

21.  U1 1200 

22.  V1 2800 

23.  X1 1800 

24.  Y1 1350 

25.  Z1 2700 

26.  AA1 300 

27.  BB1 4500 

28.   CC1 54 

29.  DD1 270 

30.  EE1 900 

31.  FF1 4500 

32.  GG1 360 
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33.  HH1 900 

34.  II1 450 

Total  48,464 

 

Table 3.2. Annual sale of AZA in Omdurman City’s Pharmacies 

No. Pharmacy Code Sale of AZA tablet/capsule 

per year 

1.  A2 900 

2.  B2 1350 

3.  C2 900 

4.  D2 450 

5.  E2 630 

6.  F2 90 

7.  G2 4500 

8.  H2 4600 

9.  I2 6000 

10.  J2 9000 

11.  K2 180 

12.  L2 3000 

13.  M2 2700 

14.  N2 270 

15.  O2 90 

16.  P2 360 

17.  Q2 270 

18.  R2 270 

19.  S2 1350 

20.  T2 3000 

21.  U2 2250 

22.  V2 900 

23.  X2 2100 

24.  Y2 270 

25.  Z2 1200 

26.  AA2 750 

27.  BB2 900 
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28.  CC2 900 

29.  DD2 1350 

30.  EE2 450 

31.  FF2 750 

32.  GG2 300 

33.  HH2 600 

34.  II2 200 

Total 52,830 

 

Table 3.3. Annual sale of AZA in Khartoum-North City’s Pharmacies  

No. Pharmacy Code Sale of AZA tablet/capsule 

per year 

1.  A3 1180 

2.  B3 9000 

3.  C3 450 

4.  D3 1350 

5.  E3 2700 

6.  F3 4500 

7.  G3 900 

8.  H3 5000 

9.  I3 6000 

10.  J3 4200 

11.  K3 2600 

12.  L3 1350 

13.  M3 7500 

14.  N3 900 

15.  O3 2100 

16.  P3 4500 

17.  Q3 1800 

Total 57,100 
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Fig. 3.1. AZA consumption percentage per year in the three cities of Khartoum State 

AZA dispensing among pharmacists  

Fig. 3.2: shows the dispensing practice of AZA among pharmacists in community pharmacies 

in Sudan. As shown in the figure, AZA the dispensed by community’s pharmacist without 

medical prescription were more than with a medical prescription. Approximately 55% of 

pharmacists involved in this study replied that they dispense AZA without receiving the 

medical prescription compared to 45% with medical prescription (p < 0.05).   

 

 

Fig. 3.3. Dispensing practice among pharmacists in community pharmacies in Sudan. 
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Types of infections treated by AZA 

. Fig. 3.3: shows the most common types of infectious diseases that can be treated by AZA in 

Sudan. The most common type of infection treated by AZA reported by the pharmacists was 

upper respiratory tract infection (59%), lower respiratory tract infection (26%), urinary tract 

infection (14%), skin infection (9%) and genital infection (8%). 

ii  

 

Fig. 3.3. The types of infectious diseases that treated with AZA in Sudan. 

Affordability of AZA 

Fig. 3.4: shows AZA price affordability to patients.  As shown in the figure, > 70 % of the 

pharmacists involved in the survey replied that the current price of AZA is affordable for the 

most of their patients. 
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Fig. 3.4: AZA affordability to patients. 

 

 

 

AZA consumption in Khartoum State 

To assess the real demand for AZA 

antibiotic per year in Khartoum State, the 

obtained data were analyzed by using the 

drug-consumption data approach. 

The consumption of AZA (tablet and 

capsule) per year in the visited pharmacies 

can be calculated as following:  

= Total annual consumption= total annual 

consumption of Khartoum + total annual 

consumption of Omdurman State + total 

consumption of sale of Khartoum North 

State  

= 48,464 + 52,830 + 57,100 = 158,390 

tablets/capsules. 

The number of pharmacies in Khartoum 

State, including both private and 

governmental, is equal to 9,550 

pharmacies (the General Directorate of 

Pharmacy, Sudan, 2022).  Therefore, the 

total annual consumption of AZA of one 

pharmacy in Khartoum state can be 

calculated as following:  
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= Total annual consumption of one 

pharmacy in Khartoum State = Total 

annual consumption of 85 pharmacies ∕ 

number of pharmacies  

= 158,390 9,550 = 16,585 tablets/capsules.  

The total consumption of AZA antibiotic 

in Khartoum state can be estimated as 

following: = Total annual consumption of 

AZA of one pharmacy total number of 

pharmacies  

= 16,585  × 9,550 = 158,386,750 

tablets/capsules. 

AZA real demand calculation     

The World Health Organization (WHO) 

recommended a minimum of US 12 $ for 

individual consumption, while the actual 

consumption by the Sudanese citizen is 

equal to only US 3 $ as documented by the 

Ministry of Health-WHO recently [10,11]. 

To reach the minimum level of 

consumption recommended by WHO in 

this study, the total sale of AZA antibiotic 

in Khartoum State in 2022 will be 

multiplied by factor 4.  = 158,386,750 × 4 

= 633,547,000 tablets/capsules.  

AZA demand projection  

Calculation of the real demand of AZA 

antibiotic for the following 10 years was 

estimated for 10 years by taking 3% as the 

population growth rate (WHO, 2015). 

Table 3.4 shows the demand projection for 

AZA starting from 2022 until 2031.  

 

Table 3.4. The real demand projection for AZA tablets and capsules in the coming 10 years  

No, Year The real demand 

1. 2022 633,547,000 

2. 2023 652,553,410 

3. 2024 672,130,012 

4. 2025 692,293,912 

5. 2026 713,062,729 

6. 2027 734,454,610 
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7. 2028 756,488,248 

8. 2029 779,182,895 

9. 2030 802,558,381 

10. 2031 826,635,132 

 

AZA Supply projection  

To project the supply of AZA antibiotic 

for the coming 10 years in Khartoum 

State, the total gap of AZA between the 

real demand and actual supply can be 

calculated as follows:  

= Total gap = Demand project for 2031 - 

Total AZA supply  

= 826,635,132 – 158,386,750 = 

668,248,382 tablets/capsules.  

Discussion 

To facilitate comparison of health care 

outcomes between countries around the 

world, WHO has developed a standardized 

method for measuring drug supply and 

demand [12]. In its methodology, the 

WHO recommends the list containing 14 

medicines from different therapeutic 

groups prescribed in most parts of the 

world. The supply of drugs, including 

AZA generally depends on the quantity in 

stock in pharmacies. In addition, the price 

of the medicine is a key factor linked to 

the supply and demand of the medicine. 

When the price is more affordable, more 

people can buy them, and the supply 

declines [13]. In contrast, when the price is 

high, fewer people buy them while the 

supply remains high, and so more 

medicines remain on store shelves in 

pharmacies [14]. In Sudan, the price of the 

full course of the AZA antibiotic is about 

$US 2, which makes it affordable for 

many patients, and this was reflected in the 

survey result as a high annual sale of it by 

each pharmacy in the three cities (Table 

3.1, 3.2 and 3.3). The patients’ median 

price ratio for AZA in the private retail 

pharmacies is lower compared to 

pharmacies in public hospitals [15].    
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In this study, based on the projected 2031 

estimate, there is a gap of over 668,000 

tablets/capsules of AZA in market demand 

in Khartoum state, Sudan. This means that 

the real demand for AZA antibiotics in the 

Sudanese pharmaceutical market will be 

greater than the actual supply. In a 

developing country such as Sudan, 

pharmacists and their assistants often 

dispense medicines, such as AZA, to 

patients without a medical prescription 

from a physician. In this study, it was 

found that more than 55% of pharmacists 

involved in the survey dispensed this 

important antibiotic without receiving a 

medical prescription from the doctor (Fig. 

3.3). This result is also obtained in many 

previous studies about the dispensing 

practice of antibiotics among pharmacists 

in community pharmacies in Sudan 

[15,16]. In fact, the irrational AZA 

dispensing from the community’s 

pharmacist and relative lower price of 

AZA (Fig. 3.4) might lead to high overall 

antibiotic consumption, which my lead to 

the development of antimicrobial 

resistance to this antibiotic in the future. 

To overcome these problems, community 

pharmacists should be well advised for 

rational dispensing practices of this 

important antibiotic.  

A drug shortage can be defined as a gap in 

the supply of drugs that means it is 

impossible to meet current or anticipated 

patient demand. Drug shortages can have 

important economic and clinical impacts at 

all levels of the health care system, 

including patients, pharmacists, clinicians, 

the pharmaceutical industry, and policy 

makers. Based on the results of this study, 

there is a shortage of AZA antibiotics on 

the pharmaceutical market in the state of 

Khartoum. This shortage can be resolved 

by increasing local production of AZA 

antibiotics and creating new 

pharmaceutical industries to increase the 

overall production of the antibiotic. 

However, it is costly for a developing 

nation like Sudan. An easier alternative 

solution is to educate antibiotic users 
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(doctors, pharmacists and patients) about 

the danger to their health from the 

irrational use of antibiotics in general and 

AZA antibiotics in particular. In essence, it 

requires the participation of physicians, 

hospital and community pharmacists, 

patients, and drug regulators [17].  

This study was primarily aimed at 

estimating the supply and demand for 

AZA antibiotics and projecting its demand 

in Khartoum state. It has the limitation of 

what it has analyzed the actual supply and 

the actual demand for AZA in Khartoum 

state only but does not represent overall 

the whole of Sudan. It does not reflect the 

supply and demand for AZA antibiotics 

elsewhere in Sudan. Therefore, this study 

strongly recommend carrying out a similar 

study taking into account the 

supply/demand of AZA antibiotics across 

the states of Sudan.  

Conclusions  

In this study, it is estimated the real 

demand for AZA antibiotic in 2022 in 

Khartoum State, Sudan and project 

demand of this antibiotic for the next 10 

years using drug-consumption data 

approach. This study found that there is a 

gap of AZA antibiotic between the real 

demand and actual supply that should be 

filled. This study can be used as a guide to 

estimate the actual supply and the real 

demand for AZA antibiotic and to predict 

its real demand for the future.   
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