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Abstract 

Background: Antibiotics can be universally perceived as medicine that adequately controls infectious diseases that 

genuinely revolutionized health care. Since the discovery of penicillin, the use of antibiotics has significant 

increased among medical and dental fields. Taking into consideration the increasing prescription of antibiotics will 

increase resistance leading to a global problem that is a huge concern. The aim of study was to investigate the use 

of antibiotics at the Maternity and Children Hospital in Makkah within the Neonatal Intensive Care Unit (NICU). 

Methods: A retrospective study was conducted at the Maternity and Children Hospital (MACH), Makkah, Saudi 

Arabia, between January 2019 until December 2021 in the NICU. All neonates born and admitted to the NICU 

between 2019-2021 with the following parameters: antibiotic usage and diagnosed with infectious disease were 

included in this study. The data were collected manually using Microsoft Excel form and presented as demographics 

data: gender, diagnosis, antibiotics used doses and dosage form. 

Results: All patients (1968) who were admitted to the NICU from January 2019 until December 2021 and received 

parenteral antibiotics were included in this study, males 57% and 42% females. The most used antibiotic classes 

were Aminoglycoside (36.4%), Penicillin (31.7%), and Glycopeptide (12.2%). In addition, the most frequently 

administered medications have been as follows: Gentamicin, given in three doses (2 mg/mL, 20 mg/2 mL, and 80 

mg/2 mL); followed by Ampicillin, administered in two doses (500 mg/vial and 1 gm/vial); and then Vancomycin, 

given in two doses (5 mg/mL and 500 mg/vial). While the most used in a combined form were Gentamicin and 

Ampicillin. 

Conclusion: the most frequently used medication in NICU was Gentamicin alone or in combination with another 

antibiotic. Knowing the antibiotics used will allow the hospital to tackle the infectious disease among premature 

and newly born infants. Therefore, implementing programs to address the excessive usage of antibiotics such as 

stewardship programs. 
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1. Introduction 

Antibiotics can be universally perceived as medicine that adequately controls infectious diseases 

that genuinely revolutionized health care [1] Since the discovery of penicillin, the use of antibiotics had 

significant increased among the medical and dental fields [2]. Taking into consideration the increasing 

prescription of antibiotics will increase resistance leading to a global problem that is a huge concern [1,2].  

The global concern about antimicrobial resistance has been considered by the WHO as one of the 

main causes of morbidity and mortality. One of the recommendations suggested to tackle this issue is by 

implementing a stewardship program to address the excessive usage of antibiotics. The rational use of 

antibiotics became an essential requirement even with newborn babies [3].   

According to the Centers for Disease Control (CDC), it has been estimated that 20-50% of 

antibiotics use is unnecessary or in-appropriate [4,5]. Furthermore, with the increasing inappropriate use, 

this will increase the resistance toward antibiotics, adverse effects, patient staying at the hospital, and 

hospital costs [4]. 

 An ongoing effort to improve and measure the appropriateness use of antimicrobials by work with 

health care practitioners to prescribe the 5"D"s of antimicrobial therapy: right Drug, correct Dose, right 

Drug route, right Duration, and right timely De-escalation to pathogen, this is called antimicrobial 

stewardship program (ASP) [6].  

ASP aims to reduce antibiotic use, cost-effectiveness, improve patient care, and reduce adverse 

effects associated with their uses [6]. 

Saudi Arabia is the annual destination of more than 10 million arrivals from around the world to 

Makkah and Madinah for Hajj and Umrah. Considering this, the country is undergoing rising rates of 

antimicrobial resistance (AMR) and the emergence of rare and multi-drug-resistant bacterial strains [7,8]. 

In late 2014, the Saudi Ministry of Health (MOH) designed a national ASP as part of the Arab 

Gulf Regional strategy. However, the ASP adoption in Saudi MOH hospitals remains low [8,9].  

Moreover, to definition our target population premature babies are infants who are born before 37 

weeks of gestation, and infants under 28 days of age are called neonates or newborns [10].  Infants are 

generally admitted to a Neonatal Intensive Care Unit (NICU) because of the high risk of morbidity and 

mortality that may be due to infections and underdeveloped immune systems [3,11]. The major life-

threatening diseases, such as sepsis, respiratory problems: acute bronchitis, acute respiratory failure, 

asphyxia during delivery, and complications of premature, malfunctioning digestive systems [3,10]. 

In addition, neonates represent a susceptible population to infections and neonatal sepsis is a major 

cause of morbidity and mortality in the world. Therefore, the importance of implanting ASP should be 



3 

 

 

placed, these programs are slightly different from those used in older children and adults due to the 

idiosyncrasy of neonatal medicine [12]. 

Furthermore, the most prescribed medication in NICU is parenteral antibiotics, such as gentamicin 

which belongs to the aminoglycoside class of antibiotics, vancomycin in the glycopeptide class, and 

ampicillin in the penicillin class.  The treatment with antimicrobial agents is lifesaving, especially in cases 

where bacterial infection is present [13,14]. Nevertheless, overuse of antibiotics in early life in the 

community leads to threatening the normal microbiome development in the neonate and increase multi-

drug resistance, wheezing, atopic, allergy disorder, and bowel inflammatory disease [13]. 

In Saudi Arabia, two studies were conducted in the Riyadh region, the results showed that the 

prevalence of the use of aminoglycosides in the local NICU is higher than the international units. 

Furthermore, the monitoring and supervision of antibiotics must be applied to ensure adequate 

consumption of antibiotics [15,16]. 

Two studies were conducted in China; the excessive use of broad-spectrum antibiotics was the 

main problem of antibiotic use in Chinese neonatal intensive care units. Furthermore, they used the 

implementation of a weekly antibiotic round in the NICU as each antibiotic round, a senior attending 

physician was assigned to collect and report the patient's name, bed number, gestational age, age at 

admission (day), main diagnosis, criteria for using antibiotics, kinds of antibiotics, and plan of the 

antibiotic course. Then they reported the total antibiotic usage of the whole NICU as the ratio of patients 

who were on antibiotics, the ratio of patients who were on a single kind of antibiotic, and the ratio of 

patients who were on two, three, or above.  Additionally, a group discussion was used to inform the final 

decision regarding the use of antibiotics for a specific patient.  The implementation of periodical antibiotic 

rounds provides an effective strategy for reducing overall antibiotic use in NICU [17,18]. 

The Maternity and Children Hospital in Makkah stated that they followed Harriet Lane's 

guidelines. However, this Harriet Lane guideline is licensed by the Saudi Ministry of Health. The Saudi 

Ministry of Health relies on IDSA and Stanford guidelines (Appendix 1). The Harriet Lane guideline 

which provides the latest guide to practice and provides methods of using pharmacology in children's care. 

It is the premier reference for all healthcare providers and students in the health sciences, so existing data 

is updated every three years by experts at Johns Hopkins Hospital [19]. 

The aim of this study was to investigate the use of antibiotics at the Maternity and Children 

Hospital in Makkah within the Neonatal Intensive Care Unit (NICU). This could allow the hospital to 

tackle the infectious diseases among premature and newly born infants and implement programs to address 

the excessive usage of antibiotics such as stewardship programs. 
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2. Subjects and Methods 

2.1 Study design  

A retrospective observational study was performed using the database available at the NICU of 

Maternity and Children Hospital in Makkah, Saudi Arabia for the period between January 2019 until 

December 2021. 

2.2 Study Population 

This study targeted all premature (born before 37 weeks of gestation) and neonates (0–28 days of 

age), both genders were included in the study. The study sample included all patients who were diagnosed 

with infectious diseases in the NICU and received at least one dose of any parenteral antimicrobial 

medication. Whereas healthy neonates and babies age above 28 days were excluded from this study.  

2.3 Study procedures and settings 

The study settings were in the Maternity and Children Hospital in Makkah, where the study has 

been conducted with 2000 total number of beds, with 450 number of admissions, staff working around 50 

personnel.  

2.4 Statistical Analysis 

For data analysis, SPSS version 23 was be used. Retrospective statistics was obtained to 

summarize data, synthesize, and report the variables. In which, numerical data was presented as mean ± 

SD, or as median and range according to the type of distribution of each variable. For categorical variables, 

percentages and frequencies was used. Bar chart, and pie chart were used to represent the results. 

3. Results 

During the study period from January 2019 to December 2021, around 5261 patients were admitted 

to the NICU at Maternity and Children Hospital in Makkah. However, 1968 patients were eligible for the 

study.  

The baseline characteristics of patients included in the study are shown in Figure 1, Most of the 

neonate patients were males representing 57% of the study sample, while the females represented 42%. 

 

Figure (1) Baseline characteristics of patients 
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The diagnostic data (Table 1) showed that the most common diagnostic category was under the 

Respiratory System (38.01%) like Respiratory distress of newborns, COVID-19, Birth asphyxia, and 

Acute bronchiolitis. Followed by Sepsis infection (33.33%) and then the delivery problems (7.47%). 

While the Gastrointestinal system accounted for (6.71%). 

Table (1) Diagnosis classification in NICU at Maternity and Children Hospital in Makkah 

 

Diagnosis N (%) 

Respiratory system 2167 (38.01%) 

Infections 1900 (33.33%) 

Delivery 426(7.47%) 

Gastrointestinal system 383 (6.71%) 

Neurological system 260 (4.56%) 

Cardiovascular system 119 (2.08%) 

Dermatological 54(0.94%) 

Mutations 40(0.70%) 

Urinary tract system 28 (0.49%) 

Reproductive system 26 (0.45%) 

Miscellaneous 298 (5.22%) 

Total 5701 (100%) 

The percentages of the most used antibiotics classes were shown in (Table 2) as follows; 

Aminoglycoside (36.4%), Penicillin (31.7%), and Glycopeptide (12.2%). 

Table 2. Most antibiotics classes are used in the NICU at Maternity and Children Hospital in Makkah 

N (%) Antibiotics 

2074 (36.4%) Aminoglycosides 

1808 (31.7%) Penicillin 

695 (12.2%) Glycopeptide 

534 (9.4%) Carbapenem 

424 (7.4%) Cephalosporins   

75 (1.3%) Metronidazole 

38 (0.7%) Sulfamethoxazole Trimethoprim  

24 (0.4%) Lincomycin 

10 (0.2%) Fluoroquinolone  

10 (0.2%) Oxazolidinone’s  

6 (0.11%) Macrolide 

3 (0.05%) Polymyxin  

5701 (100%) Total 



6 

 

 

 

In addition, the most used medications were Gentamicin in 3 doses (2mg\ml, 20 mg/ 2 ml, 80 mg/ 

2 ml) as shown in Figure 2 then Ampicillin in 2 doses (500 mg/ vial and 1 gm/ vial) as shown in Figure 3 

then Vancomycin in 2 doses (5 mg/ ml and 500 mg/ vial). 

 

Figure (2)The doses of Gentamicin used in the NICU at Maternity and Children Hospital in Makkah 

 

 

Figure (3) The doses of Ampicillin used in NICU at Maternity and Children Hospital in Makkah. 

Figure 4 demonstrates the number of antibiotics used per patient in percentages, in this figure the 

patients included in the analysis were the target population that met all eligibility criteria who represent 

1968. Furthermore, the percentage of the number of antibiotics used per patient for two drugs were 

(68.47%), for three drugs was (14.08%), and for one drug was (7.83%). 
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Figure (4) Number of Antibiotics used per patient in % (n=1968). 

4. Discussion 

Our current study aimed to investigate the use of antibiotics at the Maternity and Children Hospital 

in Makkah within the Neonatal Intensive Care Unit (NICU) using a retrospective observational study, and 

data was obtained by using the hospital database. During the study period from January 2019 to December 

2021, around 5261 patients were admitted to the NICU at Maternity and Children Hospital in Makkah. 

However, 1968 patients were eligible for the study. The baseline characteristics of patients showed that 

most of the neonate patients were male representing 57% of the study sample about 1122 patients, while 

the female represented 42% about 824 patients. 

Compared with a study conducted by Al-Matarya et al [15] the total number of neonates was 3437 

in their study and most of the patients were male (59.4%). In Al-Matarya et al. study [15] they mentioned 

the reason why male was more affected by sepsis than female whereby the cause could be the contribution 

to the defects in X-linked immuno-regulatory genes. Apart from this, in Al-Matarya et al [15] study, they 

were focusing only on sepsis cases in a neonate only, while our study focused on all the cases that could 

lead to a patient's admission to the NICU. 

Moreover, our results showed that the most common diagnostic category was under the 

Respiratory System (38.01%, n=2167) like Respiratory distress of newborns, COVID-19, Birth asphyxia, 

and Acute bronchiolitis. Followed by Sepsis infection (33.33%, n=1900) and then the delivery problems 

(7.47%). While the Gastrointestinal system accounted for (6.71%, n=383) and most of it was related to 

Neonatal jaundice. 

However, the miscellaneous represented to be (5.22%, n=290) such as retinopathy of prematurity, 

disorder of the thyroid, congenital diaphragmatic hernia, and cleft palate. 

Nevertheless, regardless of gender, the number of parenteral antibiotics used represented 5701 



8 

 

 

cases in 1968 patients were admitted to the NICU. The percentages of the most used antibiotics classes 

were as follows; Aminoglycoside (36.4%, n=2074), Penicillin (31.7%, n=1808), and Glycopeptide 

(12.2%, n=695). In addition, the most used medications were Gentamicin in 3 doses (2mg\ml, 20 mg/ 2 

ml, 80 mg/ 2 ml) Ampicillin in 2 doses (500 mg/ vial and 1 gm/ vial) Vancomycin in 2 doses (5 mg/ ml 

and 500 mg/ vial). The most used antibiotics in combination were Gentamicin and Ampicillin. This relates 

to the high percentage of respiratory disease in patients admitted to maternity hospitals. Furthermore, 

compared to a study conducted by H. Balkhy et al. [16], in their study, they found that the most used 

medication was Aminoglycosides (45.4%) of monitored antimicrobials in NICU followed by 

cephalosporins (30.4%), and the duration of use was 12.7 days. In our study, the duration of antibiotics 

use was 10 ±6.41. However, H. Balkhy et al. [16] stated that their study did not focus only on neonatal 

ICUs but also pediatric ICUs. Our study focused on a neonate and a premature ICU. 

Our results also demonstrated the number of antibiotics used per patient in percentages, in this 

figure the patients included in the analysis were the target population that met all eligibility criteria 

representing 1968. Furthermore, the percentage of the number of antibiotics used per patient for two drugs 

was (68.47%, n=1162), for three drugs was (14.08%, n=239), and for one drug was (7.83%, n=133). 

Considering this, the current study is the first local study in Makkah to address antimicrobial 

consumption among premature and neonatal critical care patients. Moreover, this study has a large sample 

size. Nevertheless, we acknowledge some limitations: lack of diagnostic data about neonates and 

premature patients such as patient weight and gender. Additionally, the study was limited in scope as it 

was conducted at a single center. 

5. Conclusion 

It has been concluded that the most frequently used medication in NICU was Gentamicin alone or 

in combination with another antibiotic.  The Maternity and Children Hospital in Makkah are 

recommended to use an antimicrobial program such as stewardship. In addition, they need to establish 

and monitor antibiotic use among neonates in the hospital. 

The current study in our knowledge is the first local study in Makkah to address antimicrobial 

consumption among premature and neonatal critical care patients. 

6. Declarations 

6.1 Conflict of Interest Statement 

The authors have no conflict of interests to declare. 

6.2 Funding Disclosure 

This research did not receive any specific grant from funding agencies in the public, commercial, 



9 

 

 

or not-for-profit sectors. 

6.3 Ethical Considerations 

The study was reviewed, and the protocol was approved by the Scientific Research Ethics 

Committee at the College of Medicine, UQU (Institutional Review Board number: HAPO-02-K-012-

2022-11-1278), and Maternity and Children Hospital in Makkah. 

6.4 Acknowledgements 

We Thank the Pharmacy College in Umm Al-Qura University. and Maternity and Children 

Hospital in Makkah for providing data base for this research, necessary expertise, and information. 

6.5 Data availability statement 

All the data related to this study are available upon request. 

 



10 

 

 

7. References 

1. Aidasani, B., Solanki, M., Khetarpal, S., & Ravi Pratap, S. (2019). Antibiotics: their use and misuse in paediatric 

dentistry. A systematic review. European journal of paediatric dentistry, 20(2), 133–138. 

https://doi.org/10.23804/ejpd.2019.20.02.10 

2. Cohen M. L. (2000). Changing patterns of infectious disease. Nature, 406(6797), 762–767. 

https://doi.org/10.1038/35021206 

3. Alsaiari, E. M., Magarey, J., & Rasmussen, P. (2019). An investigation of the needs of Saudi parents of preterm 

infants in the neonatal intensive care unit. Cureus, 11(1). 

4. Marra, A. R., de Almeida, S. M., Correa, L., Silva Jr, M., Martino, M. D. V., Silva, C. V., ... & dos Santos, O. F. 

P. (2009). The effect of limiting antimicrobial therapy duration on antimicrobial resistance in the critical care 

setting. American journal of infection control, 37(3), 204-209 

5.  Dellit, T. H., Owens, R. C., McGowan, J. E., Gerding, D. N., Weinstein, R. A., Burke, J. P., ... & Hooton, T. M. 

(2007). . Infectious Diseases Society of America and the Society for Healthcare Epidemiology of America 

guidelines for developing an institutional program to enhance antimicrobial stewardship. Clinical infectious 

diseases, 44(2), 159-177 

6. Shrestha, J., Zahra, F., & Cannady Jr, P. (2021). Antimicrobial stewardship. 

7. Kingdom of Saudi Arabia, General Authority for Statistics. [(accessed on 6 December 2020)]; Available online: 

https://www.stats.gov.sa/en 

8. Alghamdi, S., Berrou, I., Aslanpour, Z., Mutlaq, A., Haseeb, A., Albanghali, M., ... & Shebl, N. (2021). 

Antimicrobial stewardship programmes in Saudi hospitals: Evidence from a national survey. Antibiotics, 10(2), 

193 

9. Alomi, Y. A. (2017). National antimicrobial stewardship program in Saudi Arabia; initiative and the future. Open 

Access J Surg, 4(5), 1-7 

10. Naher, H. S., & Al-Sa'ady, A. T. (2020). Review on bacterial etiology of neonatal infections. EurAsian Journal 

of Biosciences, 14(2). 

11. Almogbel, M., Altheban, A., Alenezi, M., Al-Motair, K., Menezes, G. A., Elabbasy, M., ... & Khan, M. A. 

(2021). CTX-M-15 positive Escherichia coli and Klebsiella pneumoniae outbreak in the neonatal intensive care 

unit of a maternity hospital in Ha’il, Saudi Arabia. Infection and Drug Resistance, 14, 2843. 

12. Gkentzi, D., & Dimitriou, G. (2019). Antimicrobial Stewardship in the Neonatal Intensive Care Unit: An 

Update. Current pediatric reviews, 15(1), 47–52. https://doi.org/10.2174/1573396315666190118101953 

13. Graus, J. M., Herbozo, C., Hernandez, R., Pantoja, A. F., & Zegarra, J. (2022). Managing antibiotics wisely in 

a neonatal intensive care unit in a low resource setting. Journal of Perinatology, 42(7), 965-970 



11 

 

 

14. Oosterloo, B. C., Van't Land, B., De Jager, W., Rutten, N. B., Klöpping, M., Garssen, J., ... & van Elburg, R. 

M. (2020). Neonatal antibiotic treatment is associated with an altered circulating immune marker profile at 1 year 

of age. Frontiers in Immunology, 10, 2939. 

15. Al-Matary, A., Heena, H., AlSarheed, A. S., Ouda, W., AlShahrani, D. A., Wani, T. A., Qaraqei, M., & Abu-

Shaheen, A. (2019). Characteristics of neonatal Sepsis at a tertiary care hospital in Saudi Arabia. Journal of 

infection and public health, 12(5), 666–672. https://doi.org/10.1016/j.jiph.2019.03.007 

16. Balkhy, H. H., El-Saed, A., AlShehri, A., Alshaalan, M., Hijazi, O., El-Metwally, A., Aljohany, S. M., & Al 

Saif, S. (2019). Antimicrobial consumption in three pediatric and neonatal intensive care units in Saudi Arabia: 

33-month surveillance study. Annals of clinical microbiology and antimicrobials, 18(1), 20. 

https://doi.org/10.1186/s12941-019-0320-2 

17. Jiang, S., Zhang, L., Yan, W., Li, S., Han, J., Zhou, Q., Yang, Y., Lee, S. K., Cao, Y., & REIN-EPIQ Study 

Group (2021). Antibiotic Use in Neonatal Intensive Care Units in China: A Multicenter Cohort Study. The Journal 

of pediatrics, 239, 136–142.e4. https://doi.org/10.1016/j.jpeds.2021.08.067 

18. Wang, B., Li, G., Jin, F., Weng, J., Peng, Y., Dong, S., Liu, J., Luo, J., Wu, H., Shen, Y., Meng, Y., Wang, X., 

& Hei, M. (2020). Effect of Weekly Antibiotic Round on Antibiotic Use in the Neonatal Intensive Care Unit as 

Antibiotic Stewardship Strategy. Frontiers in pediatrics, 8, 604244. https://doi.org/10.3389/fped.2020.604244 

19. Hospital, J. H., Kleinman, K., McDaniel, L., & Molloy, M. (2020, May 21). The Harriet Lane Handbook: The 

Johns Hopkins Hospital (Mobile Medicine) (22nd ed.). Elsevier 

 


