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Abstract: 
 
Background: The effectiveness of antiretroviral therapies (ART) made it possible for people with HIV to 

live long and healthy lives. However, a significant threat to the progress obtained thus far in ART is posed 

by rapid mutation patterns of HIV, which confer its resistance to ART. 

Aim: This study aims to explore the patterns of resistance mutations to antiretroviral drugs, in Northern 

Oman, in different population groups including wife and husband (couples), singles and homosexual and to   

Method: A retrospective cross-sectional design was selected to carry out this investigation. Data from 193 

HIV positive patientsfrom Northern Oman health institutions, Suhar hospital (tertiary hospital) and Suhar 

polyclinic (Secondary care) were used in this study. A total of 82 participants had a genomic assay 

(genotype) analysis done and were included for mutation and resistance assessment, which included the 

number of ART had resistance or susceptible, kind of mutations and its frequencies. Ethical approval had 

been obtained from Robert Gordon University committee and the Central Ethical approval committee in 

Oman.  Data of CD4 and VL was analysed via descriptive statistics and Wilcoxon matched-pairs test.  

Results: The majority of the HIV positive patients were married (n=144 out of 193, approx. 74.6%), in the 

age group of 31-45. The highest rates of transmitted HIV infection were found to be associated with sexual 

behaviour (n= 106 out of 193, approx. 54.9%), this figure included different population groups (single and 

married, males and females, in different ages). Mutation and resistance patterns were found to be increased 

in patients undergoing NRTI and NNRTI ARTs. Population descriptive and genomic assays mimic those 

seen in other HIV positive populations. Different strategies had been recommended by the WHO such as 

combination therapies of new ART and patient’s adherence follow up.  
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Conclusion: Resistance mutations to ART developed fast post 6 months of initial treatments in the study 

population. This concluded, there was a huge gap between the initial treatment and the most recent 

progression results and this gap should be indicated. 
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1. Introduction 
Currently, an estimated number of 36.9 million people across the globe live with HIV (human 

immunodeficiency virus) or AIDS (acquired immunodeficiency syndrome). Out of this number, a total of 

1.8 million are children.(1, 2)With advances in treatment for these conditions, death rates caused by HIV have 

considerably dropped from 1.9 million in 2004 to 940.000 in 2017. These effects have been attributed to 

increased access to ART (antiretroviral therapy).(2) However, drug-resistance poses a significant threat to the 

reduction of mortality associated with HIV resistance.(3, 4) 

In Oman, the first case of HIV was reported in 1984. Since then, to 2015, recent estimates (5)note that 

the number of people living with HIV in Oman is 2879. These people are predominantly male, and the 

majority of both genders are young people aged 20-49 years old. The highest rates of infection have been 

reported in the Musandam governorate. From the total number of infections in Oman, 66.8% are attributed 

to unprotected sex, 8.3% to mother-to-child transmissions, 4.3% of cases of infection have been associated 

with intravenous drug abuse and 3.2% to blood transfusions. A significant rate of 17.4% of infections has no 

known cause of infection.(5) By 2018, statistics provided by UNAIDS (6)for Oman indicate an increase in the 

number of HIV cases, with estimates set at 2900-3600 people, with an average reported case of 3200. 

Infected women are reported to be less than 1000. There is no reported data for children aged 0 to 14 years. 

These data are illustrated in Figure 1 below as provided by UNAIDS. (6) 

Figure 1 HIV Estimates in Oman: 

 
UNAIDS (2018). HIV Prevalence in Oman [online] 
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1.1. HIV Structure and Detection of Mutation. 

HIV belongs to the Lentivirus species, which is a subgroup of the Retrovirus family. Two species are 

distinguished, HIV-1 and HIV-2. HIV-2 is a less virulent strand, mostly confined in West Africa due to its 

reduced potential for infection. On a global scale, major concerns with infection and AIDS are connected 

with HIV-1, a highly virulent virus.(7) 

The HIV-1 structure is spherical, with an approximated diameter of 120nm, consisting of two copies 

of +RNA, which contain the nine genes of the virus (gag, pol, env, tat, rev, nef, vif, vpr, vpu) encoding a 

total of 19 proteins.(8, 9) These genes are encapsulated by a conical capsid constructed from 2000 copies of 

the p24 viral protein. Additional nucleocapsid proteins and enzymes that aid in replication and transcription 

are present. These include reverse transcriptase (RT), protease (Pro), as well as ribonuclease (RNase H) and 

integrase (IN). A matrix of viral protein p17 and the viral envelope ensure the integral structure of the 

virus.(10) An image of the virus as presented along with relevant proteins is presented in Figure 2 below.(11) 

The most common way of resistance mutation in HIV-1 patients is a genotype test, which is one of 

the earliest gene sequencing tests. Its more complex test comparing to other typical antimicrobial 

susceptibility tests, but it can detect mutations at any level [Low, intermediate, high] (38). Appendix 1 shows, 

an example of genotype test results.  

 

Figure 2 HIV-1 Structure 

 
Goodsell et al. (2015), HIV/AIDS curriculum, p. 10. 
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1.2. HIV Treatment Protocols 

As previously described, several lines of treatment are available for HIV. These therapies focus on 

disrupting the replication process of the virus in various stages. International guidelines (17, 18) recommend 

combinations of NRTIs, NNRTIs, PIs, fusion inhibitors, CCR5 antagonists, IN inhibitors and 

pharmacokinetic enhancers. Recently, the FDA (18) approved the use of a post-attachment inhibitor. 

Treatment regimens are recommended based on age and health status. These recommendations are listed in 

Table 1 below.  

 

Table 1 International Recommendations for First-Line ART and Alternative First-Line ART 

Groups First-line ART Alternative First-Line ART 
Adults • TDF+3TC (or FTC) +EFV • AZT+3TC+EFV (or NVP) 

• TDF+3TC (or FTC) +DTGc 
• TDF+3TC (or FTC) +EFV400

c, e 
• TDF+3TC (or FTC) +NVP 

Adolescents • TDF+3TC (orFTC)+EFV • AZT+3TC+EFV (or NVP) 
• TDF (or ABC) +3TC 

(orFTC)+DTGc,d 

• TDF (or ABC) + 3TC 
(orFTC)+EFV400

c, d,e 

• TDF (or ABC) + 3TC (orFTC)+NVP 
Pregnant and Breastfeeding 
Women 

• TDF+3TC (or FTC) +EFV • AZT+3TC+EFV (or NVP) 
• TDF+3TC (or FTC) +NVP 

Children from 3 to Less 
Than 10 Years 

• ABC+3TC+EFV • ABC+3TC+NVP 
• AZT+3TC+EFV (or NVP) 
• TDF+3TC (or FTC) +EFV (or NVP) 

Children Less Than 3 Years • ABC (or AZT) +3TC+LPV/r • ABC (or AZT) +3TC+NVP 
For adults and adolescents, d4T should be discontinued as an option in first-line treatment. 
b ABC or boosted protease inhibitors (ATV/r, DRV/r, LPV/r) can be used in special circumstances. 
cSafety and efficacy data on the use of DTG and EFV400 in pregnant women, people with HIV/TB co-infection and 
adolescents younger than 12 years of age are not yet established. 
d Conditional recommendation, moderate-quality evidence. 
eEFV at a lower dose (400 mg/day). 
 
3TC (Lamivudine), ABC (Abacavir), AZT (Zidovudine), DRV (Darunavir), DTG (Dolutegravir), EFV 
(Efavirenz), FTC (Emtricitabine), LPV (Lopinavir), NVP (Nevirapine), r (Ritonavir), TDF (Tenofovir). 
 

 
National recommendations in Oman also provide ART according to age and health status albeit 

fewer combinations are available by contrast with international guidelines. These recommendations are 

listed in Table 2.(19) 
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Table 2 National Recommendations for First-Line ART 

Groups First-Line Alternative  
Adults and 
Adolescents 

• TDF+FTC+EFV • AZT+3TC+EFV 
• TDF+FTC+ATV/r 
• AZT+3TC+ATV/r 

Pregnant 
Women 

• TDF+FTC+EFV • TDF+FTC+ATV/r 
• TDF+FTC+LPV/r 
• AZT+3TC+EFV 
• AZT+3TC+ATV/r 
• AZT+3TC+LPV/r 

Nothing that resistance is likely to occur in patients with first-line ART or alternatives national 

guidelines. National guidelines (19) also recommend several combinations of antiviral medication as the 

second and third line of treatment. These recommendations are listed in Table 3.  

 

Table 3 National Recommendations for Second-Line and Third-Line ART 

                   Groups  
Regimens 

Second -Line Regimens 

Adults& Adolescents (≥ 13 
years) 
And Pregnant Women. 

•  AZT+ 3TC+ LPV/r 
• AZT+3TC+DRV/r 

Children less than 13 years • The decision should be made by Paediatrician (Infectious Disease 
Department, Royal Hospital). 

Third-Line Regimens 

• Integrase inhibitors (e.g. DTG, RGV). 
• Second generation NNRTIs (e.g. ETR, RPV). 
• Second generation PIs (e.g.Atazanavir (ATV). 
• Entry Inhibitors are known as Fusion inhibitors FIs (e.g. Maraviroc (MRC), Enfuvirtide (ENF). 
 

 It should be started by an HIV specialist in AL-Nahdha, Royal, and Sultan Qaboos University 
Hospitals. 

 
 

As it can be observed from data presented in Table 1 and respectively Table 2 and Table 3, 

available regimes are limited in Oman by contrast with the international recommendation. However, 

considering population polymorphism and rates of mutation resistance to current regimens is highly likely to 

occur.(12) This may imply that Oman would require an update of current regimens in line with international 

standards.  
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1.3. Other studies 
(3)Abbas. U.L, et al. Drug resistance from preferred antiretroviral regimens for HIV infection in South 

Africa: A modelling study. PloS one, 2019; 1-17.  

This study has been done in KwaZulu Natal, South Africa. In this paper, the Author found and highlighted 

such important points. The major resistance mutations in NRTIs were M184V and K65R. The numbers 

stand for the position of the codon and the letters for the amino acid substrates. The author said, WHO first-

line recommendations preferred regimens could lead to substantial drug resistance and up to date, these 

regimens are still used in practice. Moreover, this paper highlighted the impact of the patient'sadherence and 

acquired resistance on virological failure. Also, M184V was selected by Zidovudine (AZT). This paper 

mainly concerned about the first line WHO-recommended regimens only did not include other second and 

alternative regimens. In addition, the correlation of CD4 and VL [Important parameters in HIV-1 testing] 

with the resistance mutations. 

 In this paper, the aims were not clear enough to answer the research question. In addition, the author 

did not mention the study population sample size, exclusion and inclusion, and the ethical consideration in 

this study. Justification for the selected methods was stated clearly. Furthermore, data collection was 

appropriate. The data were analysis sufficiently, a clear statement of findings, and robust qualitative insights. 

Limitations of this study were included. 
(4) Hosseinipour.M.C, et al. Emergence of HIV drug resistance during the first and second line of 

antiretroviral therapy in resource-limited settings. The journal of infectious disease, 2013; 207(S2), 

S49-56.  

In this paper, HI drug resistance primarily due to M184V and NNRTIs mutations which had been identified 

in 60%-70% of the study population. Moreover, adherence, as stated in the previous article, found to be the 

major factor behind drug resistance. Another common point between this article and the previous one, the 

WHO first-line recommended regimens were associated with a high risk of failure. Finally, this paper 

concluded, optimizing patient's adherence, and good treatment monitoring is crucial to prevent drug 

resistance.  

 In this study, the aim was clear and the time frame too. In addition, research design and recruitment 

strategies were appropriate. Furthermore, the aim was addressed through robust data collection procedures. 

The author did not include any ethical consideration and exclusion and inclusion criteria.   

 
(25) Hamers .R.L, et al. Patterns of HIV-1drug resistance after first-line antiretroviral therapy (ART) 

failure in Sub-Saharan African countries: Implication for second ART strategies. HIV/AIDs, 2012; 

54(11), 1660-9. 

This study was conducted in 13 clinical sites in 6 African countries [Kenya, Nigeria, South Africa, Uganda, 

Zambia, and Zimbabwe], which included a total of 2755 participants. Out of the total number, only 142 
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genotype assays had been done. HIV-1 sequences were established for those 142 virologically failed ART 

patients. The most common drug resistance mutations were M184V (53.5%), K103N (28.9%), and Y181C 

(15.5%). Zidovudine (AZT) and Nevirapine were the most frequent resistance mutations. Furthermore, 

M184V was selected by Zidovudine and K103N selected by Efavirenz and Nevirapine. In this paper, it was 

mentioned that the use of Zidovudine rather than tenofovir may be preferred in the second line to limit the 

resistance incidences and second-generation NNRTIs (Rilpivirine or Etravirine) as a second line in a 

deprived area. This study had limitations such as the number of genotype assays,it's difficult to track 

resistance mutation with a small number of tests. Moreover, there were challenges in blood sampling post 

ART initiation which may limit the accuracy of this study. 

  In this paper, the author gave a clear description of the study's aims, population number, sites of this study, 

and methods.Exclusion, inclusion criteria, time frame, and ethical considerations were included. This study 

was robust and ideal for any HIV-1 ART resistance mutations in future researches. 

1.4. Rationale and Aim of the Study 
Considering the potential for mutation of HIV, it is likely that patterns of resistance may develop in the HIV 

infected population in Oman. Recognising this as an issue is important because ART resistance sets at peril 

the lives of people infected with HIV and can also contribute to the spread of infection by allowing 

significant viral replication and enhancing the odds of transmission.  

1.5. Research aim 
Explore the patterns of resistance mutations to antiretroviral drugs, in Northern Oman, in different 

population groups including wife and husband (couples), singles and homosexuals and to characterise the 

specific strategies used to manage such cases. 

1.6. Objectives 
In different population groups of HIV-1-infected patients: 

1. Determine the incidence, prevalence, and types of resistant mutation to Antiretroviral Therapy 

(ART). 

2. Characterise the strategies used for the management of the resistant mutation to ART including the 

impact on medication selection. 

3. Make recommendations for the identification and management of such patients. 

2. Methodology 
This study will follow a quantitative methodology, relying on the positivist research paradigm. As a research 

philosophy, positivism argues that a phenomenon investigated can be quantified to be understood. 

Additionally, positivism postulates that there is only one reality, and this can be understood through an 

objective mathematical approach.(20) Quantitative research derives from the positivist research philosophy 
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and employs quantitative methods of data collection and analysis to reach the established aim of the 

research.(21) 

2.1. Research Design 
A retrospective study design has been selected to reach the aim of this study. A retrospective study is carried 

out when the outcome of interest has already occurred at the time in which the study is initiated.(22) This type 

of design can enable the investigator to formulate a hypothesis about the outcome and the exposure and to 

further investigate emerging relations between these elements. However, causality should not be implied 

from a retrospective design. Differently stated, although associations between the outcome and exposure 

elements are found, these do not imply that the outcome has been caused by these elements.(23) Hence, an 

association does not imply causation.  

2.2. Setting 
Secondary data was collected from two governmental health institutions in Oman. The primary site was a 

tertiary hospital (Suhar Hospital) and the secondary site was the Suhar Polyclinic. Both healthcare 

institutions are located in the North part of Oman. The time frame for the collected data varied from the 

oldest (2005) to the most recent (2019).  

2.3. Sampling Procedures 
The available databases from the selected hospital sites were searched for data related to HIV patients. 

Participant selection was done via purposive sampling (all HIV positive participants had been selected, then 

I excluded some participants based on the exclusion criteria). This type of procedure involves selecting 

participants based on a series of pre-defined inclusion criteria.(24) These criteria have been established in line 

with the research questions and specific HIV resistance patterns to ART. The inclusion and exclusion 

criteria for participants are listed in Table 4 below.  

 

Table 4 Inclusion and Exclusion Criteria for Participants 

 

Inclusion Criteria Exclusion Criteria 
Patients aged ≥15 years. Patients who passed away (access to their medical 

records is denied by the system). 
Patients on first, second, or other alternative 
ART regimens, mono or combination therapies. 

Patients who have no treatment records and laboratory 
investigations e.g. CD4, PVL or genotype assay results 
in both Suhar hospital and Suhar polyclinic    

Patients that were on ART for at least six 
months.  

 

Patients that have records for the biochemical 
and genetic analysis of interest.  
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The application of these criteria resulted in a total number of 193 participants (n=193) have been 

included, and 57 have been excluded due to a lack of information, referral to Royal hospital (Muscat), and 

passed away patients. 

2.4. Variables 
The study collected socio-demographic data, symptomatology data, mode of transmission, treatment line, 

biochemical data, and genetic assay data. Socio-demographic variables included: gender, marital status, and 

age. Mode of transmission data included: sexual transmission (bisexual, heterosexual, homosexual), IV drug 

abuse, transfusion, vertical and unknown cause. Symptom data will be recorded as a binary variable of 

symptomatic or asymptomatic. Treatment line variables will include first-line, second-line, and third-line 

treatments. Biochemical variables included CD4+ counts and PLV (viral load). Genotype assay variables 

focused on identifying gag-pol mutations and determining virus susceptibility of resistance to PIs, NRTIs, 

and NRRTIs. Genotypic drug resistance was defined as the presence of ≥1 major amino acid substitution.(25) 

Sample stratification will be carried out based on all variables tested.  

 

2.5. Data collection 

Different kinds of literature had been reviewed to gather the most important data (variables) as stated above 

that can help to answer thesis questions, aims, and objectives. Later on, Microsoft excel sheet had been 

created to arrange all these variables. Following this step, authorisation had been obtained from the Suhar 

Hospital HOD to carry out the data collection from the hospital system (ALSHEFFA). I logged into the 

system using my account as I am a registered pharmacist at that hospital. This system allowed me to get 

access to patient records, referral letters, past medical history, and Lab investigations. At Suhar polyclinic, 

my colleague helped me to collect data using the same datasheet. After that, the collected data had been 

checked against accuracy. All uncompleted and wired entries had been removed. Then my colleagues did a 

double-check for all entries. Finally, the two datasheets for both health institutions had been combined into 

one datasheet preparing it for the analysis.   

 

2.6. Data Analysis 
Data were analysed using IBM Statistical Package for Social Sciences (SPSS) v. 25. Descriptive statistics 

will be used to present data related to socio-demographic variables and biochemical variables. Wilcoxon 

matched-pairs test, which is a non-parametric statistical hypothesis test, used to compare two related 

samples, match sample, and repeated measurements for a single sample to elicit whether the mean ranks 

differ(34). It wascarried out between pre and post the first attempt of ART for CD4+ and PLV results. This 

conducted to determine if there is any statistically significant difference between pre and post the first 

attempt after 6 months of treatment. In this case, the test statistic Z-value [Numerical measurement which 

determines the relationship between means of a group of values. If Z-score is (0), it indicates that the data 
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point's score similar to the mean score, and if it equal (1) indicates a value that is one SD from the mean. Z- 

Value positive (score above the mean), negative (score below the mean)] (35)had considered with a level of 

significance set at p<0.05. The null hypothesis and alternative hypothesis in this case are: 

 

H0.  There is no statistically significant difference between CD4+, PVL pre and post the first attempt of 

ART.   

H1:  There is a statistically significant difference between CD4+, PVL pre and post the first attempt of ART.  

 

Moreover, genotype assay results will be presented in two graphs one graph will present the latest 

genotype assay results (Resistance, susceptible or non-applicable) and the second one will present the major 

ART resistance mutations for the latest genotype assay.  

2.7. Ethics 
Ethical approval for this study was secured from the PALS Ethical Panel, Robert Gordon University and 

from the appropriate local ethical committee in Oman. All patient data will be kept confidential under 

password protection. Data security issues will be reported to the local supervisor for proper action.  

3. Results 

3.1. Baseline characteristics of the study population (n=193). 
A total number of 193 participants undergoing ART treatments were included in the study, from which 113 

underwent treatment with first-line ART (n=113), 65 underwent treatment with second-line ART (n-65) and 

15 underwent treatment with third-line ART (n=15).  All results are listed in Table 5 below. The majority of 

participants in all lines of treatment were male (59.29%, 61.53%, and 73.33%) and married (69.02%, 81, 

53% and 86.66%). The most predominant age group in all treatment lines was 31-45 years old, with 

individuals over 60 years old constituting the lowest group. These results are similar to previously reported 

data on socio-demographic characteristics of the HIV population in Oman.(6, 5) 

The majority of participants in all groups had the CD4 count ≥500/µl. In the second line of treatment, 

26.15% of participants had a CD4 count of 499-200/µl and <200/µl respectively. In the third line of 

treatment, 26.66% of participants had a CD4 count of 499-200/µl and <200/µl respectively. Overall, the total 

number of 34 participants in all treatment groups had a CD4 count of <200/µl. This indicates that 18.13% of 

patients in the whole sample had progressed to stage 3 HIV. The same percentage of patients presented a 

CD4 count of 499-200/µl, indicating that these patients are at risk of developing AIDS. Hence, a total of 

36.26% of participants were either at high risk of developing AIDS or had already developed the condition.  

A significant number of patients had a high viral load, with 15.92%, 40% and 46.66% of patients across 

treatment groups showing a VL of ≥10000/ml. Only 83 patients were undetectable in the first line of 
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treatment, 22 in the second line of treatment and 4 in the third line of treatment. Corroborated by the results 

obtained for CD4 counts, these data indicate an increasing resistance development towards all current lines 

of treatment. 

 

 Table 5: Baseline characteristics of the study population (n=193) 
 
                     Treatment 
stages 
 Features 

Patients on Fist Line 
ART (113) 

Patients on Second 
Line ART (65) 

Patients on Third Line ART (15) 

Gender: 
Male 
Female 

 
67 (59.29 %) 
46 (40.70 %) 

 
40 (61.53 %) 
25 (38.46 %) 

 
11 (73.33 %) 
4 (26.66 %) 

Marital status: 
Married 
Single 
Divorced 

 
78 (69.02 %) 
35 (30.97 %) 
0 (0 %) 

 
53 (81.53 %) 
12 (18.46 %) 
0 (0 %) 

 
13 (86.66 %) 
2 (13.33 %) 
0 (0 %) 

Age: 
15-30 years 
31-45 years 
46-60 years 
>60 years 

 
32 (28.31 %) 
57 (50.44 %) 
20 (17.69 %) 
4 (3.53 %) 

 
16 (24.61 %) 
32 (49.23 %) 
16 (24.61 %) 
1 (1.53 %) 

 
3 (20 %) 
6 (40 %) 
6 (40 %) 
0 (0 %) 

Mode of 
Transmission: 
Bisexual                                             
Heterosexual 
Homosexual 
IV drug abuse 
Transfusion 
Vertical 
Unknown 

 
 
49 (43.36 %) 
12 (10.61 %) 
7 (6.19 %) 
17 (15.04 %) 
7 (6.19 %) 
0 (0 %) 
21 (18.58 %) 

 
 
31 (47.69 %) 
5 (7.69 %) 
4 (6.15 %) 
7 (10.76 %) 
3 (4.61 %) 
0 (0 %) 
15 (23.07 %) 

 
 
8 (53.33 %) 
1 (6.66 %) 
2 (13.33 %) 
3 (20 %) 
1 (6.66 %) 
0 (0 %) 
0 (0 %) 

Symptoms: 
Asymptomatic 
Symptomatic 
 

 
96 (84.95 %) 
17 (15.04 %) 

 
47 (72.30 %) 
18 (27.69 %) 

 
8 (53.33 %) 
7 (46.66 %) 

CD4 (cell/µl) Counts: 
≥ 500 
499-200 
< 200 

 
87 (76.99 %) 
13 (11.50 %) 
13 (11.50 %) 

 
31 (47.69 %) 
17 (26.15 %) 
17 (26.15 %) 

 
7 (46.66 %) 
4 (26.66 %) 
4 (26.66 %) 

Viral load (copies/ 
ml) 
≥10000 (High viral 
load) 
≤ 500 (Low viral load) 
<50 (Undetectable) 

 
 
18 (15.92 %) 
12 (10.61 %) 
83 (73.45 %) 

 
 
26 (40 %) 
17 (26.15 %) 
22 (33.84 %) 

 
 
7 (46.66 %) 
4 (26.66 %) 
4 (26.66 %) 

Genotype assay 
Done 
Not Done 

 
23 (20.35 %) 
90 (79.64 %) 

 
44 (67.69 %) 
21 (32.30 %) 

 
15 (100 %) 
0 (0 %) 

ART resistance    
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results 
*NRTIs (n=492) 
*NNRTIs (n= 246) 
*PIs (n= 492) 
*INSTIs (n= 164) 

 
22 (4.47 %) 
21 (8.53 %) 
17 (3.45 %) 
0 (0 %) 

 
125 (25.40 %) 
82 (33.33 %) 
31 (6.30 %) 
0 (0 %) 

 
58 (11.78 %) 
24 (9.75 %) 
9 (1.82 %) 
0 (0%) 

*Test results for each single medicine in this class in each single genotype assay attempt 
 

3.2. Wilcoxon Signed Ranks Test [Wilcoxon matched-pairs test]. 
To determine if the ART was effective in the initial line of treatment, a Wilcoxon matched-pairs testanalysis 

was conducted using CD4 and VL data from the whole sample (n=193) at baseline (no ART) and 6 months 

post ART.There are two major Laboratory parameters, CD4 and VL. The effect of ART can be determined 

through these parameters i.e. increase the level of CD4 and reduce the level of VL. (36) 

 

Table 6: Wilcoxon Signed Ranks Test output from SPSS (n=193). 

Ranks 
 N Mean Rank Sum of Ranks 
VL pre-treatment (copies/ml) - VL 
after first attempt (copies/ml) 

Negative 
Ranks 

5a 56.70 283.50 

Positive Ranks 188b 98.07 18437.50 
Ties 0c   
Total 193   

CD4 Pre-treatment (µl) - CD4 after 
first attempt (µl) 

Negative 
Ranks 

174d 103.96 18089.50 

Positive Ranks 19e 33.24 631.50 
Ties 0f   
Total 193   

a. VL pre-treatment (copies/ml) < VL after first attempt (copies/ml) 
b. VL pre-treatment (copies/ml) > VL after first attempt (copies/ml) 
c. VL pre-treatment (copies/ml) = VL after first attempt (copies/ml) 
d. CD4 Pre-treatment (µl) < CD4 after first attempt (µl) 
e. CD4 Pre-treatment (µl) > CD4 after first attempt (µl) 
f. CD4 Pre-treatment (µl) = CD4 after first attempt (µl) 
 

Test Statisticsa 

 

VL pre-
treatment 
(copies/ml) 
VL after first 
attempt 
(copies/ml) CD4 Pre-treatment (µl) - CD4 after first attempt (µl) 

Z -11.682b -11.234c 
Asymp. Sig. (2-tailed) .000 .000 
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a. Wilcoxon Signed Ranks Test 
b. Based on negative ranks. 
c. Based on positive ranks. 
 

As can be seen in Table 6, 5 participants out of 193 had a negative rank when theVL pre-treatment < VL 

after the first attempt and 188 out of 193 had a positive rank when the VL pre-treatment > VL after the first 

attempt. On the other hand, there were 174 out of 193 participantshad negative ranks when the CD4 Pre-

treatment < CD4 after the first attempt and 19had positive ranks whenCD4 Pre-treatment > CD4 after the 

first attempt. In the lower part of table 6 illustrates, the test statistic Z= -11.682 forVL pre-treatment VL 

after first attempt with p-value <0.05 (0.000), and Z = - 11.234 for CD4 Pre-treatment -CD4 after first 

attempt with p-value < 0.05 (0.000). A Wilcoxon signed-rank test showed that a 6 months ART had elicited 

a statistically significant change in the VL and CD4 values. Therefore, a null hypothesis was rejected and the 

alternative hypothesis accepted.   

3.3. Genotype assay 
 To indicate the patterns and type of resistance mutations genotype tests had been done. From the total 

number of participants 193, only 82 had genotyping assays done. Data from these participants were further 

used to extract ART resistance results. NRTIs resistance was present in 4.47% of the participants on the first 

line of treatment, 25.40% of people in the second line of treatment and 11.78% of people in the third line of 

treatment. Overall, people in the first line of treatment exhibited lower rates of resistance for NRTI, NNRTI, 

PI, and INSTI. Most predominant mutations were seen in the second line of treatment where 25.40% of 

people had an NRTI resistance, and 33.33% had an NNRTI resistance. In the third line of treatment, NRTI 

resistance was predominant as can be seen in Table 5 above. Genotype assay results are displayed in 

Figures 3 and 4. 
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Figure 3:Resistance and Susceptibility Patterns (N=82)(2018-2019). 

 
Resistance Clear mutation indicated by the genotype assays [Selected by a specific antiretroviral drug] 
Susceptible The HIV virus is liable to be influenced by a particular drug 
Not applicable  Not done 
 

The initial analysis for the genotype assay results showed that 3TC had the most frequent resistance rate 51 

and 31 susceptible out of 82 equivalents to 62.19 % resistance and 37.80 % susceptible, followed by NVP 

and EFV. FPV, LPV, RTV, and SQV had the least frequent resistance rateFigure 3. 

As patterns of resistance increase, the CD4 count decrease and VL increase as a signal of ineffective 

therapy. (13, 14) As determined by descriptive analysis, people in the second line of treatment exhibited poorer 

CD4 counts and higher VL, indicating a high susceptibility to further resistance. However, it must be 

considered NVP is included in the first line of treatment for multiple groups. (19) As a result, this therapy is 

among the firsts to which HIV exhibits resistance patterns.  
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Figure 4: TheMajor ART resistance mutations for the latest genotype assay (N=82)(2018-2019) 

 
 
 
Figure 4shows, the most common major NRTIs, NNRTIs, and PIs resistance mutations for 82 participants 

[same population displayed in Figure 3], where eachcolour represents a differentmutation.  NVP had the 

highest frequency of mutations, around 11 different mutations had appeared to be relevant to NVP 

resistance. The most frequent mutations in the NVP genotype test were K103N 31 (38.27%) out of 81. In 

3TC, M184V/I scored the highest frequency with 40 times equivalent to 66.66% of the total number in 3TC. 

The total frequency of M184V/I in all ART was to be the highest with a total of 154 times 

(3TC=40+ABC=34+ AZT= 15+DDI=30+FTC=34+TDF=1). M184V/I had a major impact on NRTIs 

resistance and K103N in NNRTIs with little impact in PIs (ATV). Results in Figures 4 and 5 show, a 

fluctuation in the progression of ART as there were such cases that had developed resistance mutation 

compared to the CD4 and VL results post 6 months treatment.Table7 below shows the abbreviations and the 

meaning of all major mutations. 
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Abbreviations [Mutations] Amino acid Descriptions 
M184V/I 
   

M= Methionine 
V =Valine 
184= Position of the 
codon 
 

• Selected by 3TC and other NRTIs. 

K65R K= Lysine 
R= Arginine 
Position= 65 

• Selected by different NRTIs. 

Y181C Y= Tyrosine 
C= Cysteine 
Position= 181 

• A non-polymorphic mutation. 
• Selected by NVP, EFV, and ETR. 

V179D V= Valine 
D= Aspartate 
Position= 179 

• Apolymorphic mutation. 
• Selected by EFV.  
• It reduces NVP and EFV susceptibility by 

2 to 5-fold. 
• It reduces ETR and RPV susceptibility by 

2 to 3-fold. 
K20R K= Lysine 

R= Arginine 
Position= 20 

• A non-polymorphic mutation. 
• Selected by PIs. 

K173I K= Lysine 
I= Isoleucine 
Position =173 

• Is variant in the STAT1 gene has not been 
reported previously as a pathogenic 
variant. 

K20I K= Lysine 
I= Isoleucine 
Position =20 

• A non-polymorphic mutation. 
• Selected by PIs. 

V35T V= Valine 
T=Threonine 
Position =35 

• A polymorphic mutation. 
• Selected by NNRTIs and NRTIs. 

K103R K= Lysine 
R= Arginine 
Position= 103 

• A polymorphic mutation 
• Affects NNRTIs in combination with 

V179D.  
V82I V= Valine 

I=Isoleucine 
Position =82 

• A highly polymorphic mutation that is not 
selected by PIs. 

•  It is the consensus amino acid in subtype 
G viruses.  

V108I V= Valine 
I=Isoleucine 
Position =108 

• A relatively non-polymorphic mutation. 
• Selected by NVP, and EFV. 

D67N D= Aspartate 
N=Asparagine 
Position=67 

• A non-polymorphic Thymidine Analog 
Mutations (TAMs). 

• Associated with low-level resistance to 
AZT and d4T.  

V179I V= Valine 
I=Isoleucine 
Position =179 

• A polymorphic mutation. 
• Selected by EFV.  

K70E/G K=Lysine 
E= Glutamate 
G= Glycine 
Position=70 

• Anuncommon non-polymorphic mutation 
• Selected by d4T, and TDF. 

Table 7: Summary of the study mutations and descriptions [amino acid substrates] 
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This table retrieved from (Gallant. 2006) (31), (National Library of Medicine. 2019) (32), (Parikh, et al. 2006) 
(33), (Stanford University. 2019) (34), (Yang .2012) (35),and (Wensing)(37) 

4. Discussion 
This research aimed to explore patterns of mutation of HIV to ART in Northern Oman in different 

populations. The study found that mutations leading up to resistance are more common in people undergoing 

the second-line of treatment by contrast with people in the first-line or third line of treatment. At the same 

time, this study found that the most common patterns of mutation are seen in people with NVP treatments, 

and the highest resistance rates are seen in people undergoing 3TC treatment, followed by NVP. 

Consequently, NNRTI therapy via NVP presents the highest number of mutations while NRTI therapy via 

3TC presents the highest incidence of resistanceFigures 3 and 4. Finally, this study found that while CD4 

counts improve and VL decreases after 6 months the first line of treatment, the use of NNRTIs and NRIs in 

combination with other NTRTI (nucleotide analog reverse transcriptase), is not sufficient to evade mutation 

and resistance. While significant improvements are seen in the first-line of treatment in CD4 and VL counts, 

the fact that in the second-line of treatment a higher rate of mutations and resistance susceptibility are seen 

points to the fact that people in this group are more likely to develop resistance in the near future. This may 

indicate that the second line of treatment may need additional therapies to diminish the likelihood of 

mutations.(15) 

H221Y H= Histidine 
Y= Tyrosine 
Position=221 

• A non-polymorphic mutation. 
• Selected by NNRTI in combination with 

Y181C 
G190A G=Glycine 

A= Alanine 
Position=190 

• A non-polymorphic mutation. 
• Selected by NVP and EFV.  
• Alone G190A reduces NVP susceptibility 

>50-fold  
L101/V L= Leucine 

V= Valine 
Position=101 

• Selected in vitro by EFV, and ETR  

V90I V=Valine 
I= Isoleucine 
Position=90 

• A polymorphic mutation.   
• It is selected by EFV, and ETR. 

P225H P=Proline 
H= Histidine 
Position=225 

• A non-polymorphic mutation 
• Selected by EFV that usually occurs in 

combination with K103N. 
• Together K103N and P225H cause >50-

fold reduction in susceptibility to NVP and 
EFV 

V179I V= Valine 
I = Isoleucine 
Position=179 

• A polymorphic mutation. 
• Selected by EFV. 
• It reduces NVP and EFV susceptibility by 

2 to 5-fold and ETR 
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Limitations in interpreting these results should be considered. Firstly, adherence to therapy is a 

relevant aspect of mutation and resistance.(28)Data on adherence to ART from the sample included in this 

study were not available. Thus, the implications of adherence to ART for patterns of mutations and 

resistance susceptibility were not considered. Secondly, ART resistance patterns from transmitted ART 

resistance could not be considered. This analysis would have required a clear source of infection 

identification (person) and genotype assays from the infection source. Strengths of the current investigation 

include the large sample size used, indicative of a high factor of generalisability (20) and the use of data 

analysis techniques that present a high internal validity factor.(22) Consequently, this study meets the criteria 

for academic rigour and provides an accurate description of ART resistance patters in the HIV positive 

population of North Oman. 

This study found that patterns of mutation in the studied populations are similar to those reported by 

other investigations.(5, 6) Similar to these investigations, there is a higher prevalence of HIV infections in the 

male by contrast to females. This is the first study to report that in the North Oman HIV population, the 

incidence of HIV is increased with bisexual behaviour. This may be due to the fact that this type of sexual 

behaviour exposes people to a double risk of infection by engaging with both male and female partners. 

These findings, combined with rates of homosexual and heterosexual behaviours indicate that in the studied 

population, HIV is mostly transmitted through unprotected sex. These results are similar to other 

investigations in HIV transmission patterns in Oman.(5)Another important aspect regarding this mode of 

transmission is that in this study, the highest rates of transmission have been found in three groups of 

sexually active populations (15-30, 31-45 and 45-60), with the highest rate being observed in the 31-45 age 

group. Corroborating data and results obtained in this study indicate that a significant route of preventing 

new infections is educating HIV carriers and the general public into safe sex practices.  

This study also found similar to other reports that the highest rates of resistance are reported for second-

line therapies for NRTI and NNRTI. (17) This is because these ARTs are generally used as first-line therapies 

and people are thus more likely to switch to the second-line when resistance emerges. These results may 

indicate that genotype assays should be carried out every six months, and medication adjusted accordingly, 

especially for people with susceptibility to resistance. Data obtained from the paired t-test analysis indicated 

that with the first-line therapy approach, improvements in CD4 and VL were seen for the included sample. 

Nonetheless, considering the mutation patterns observed, these improvements are less likely to be sustained, 

especially when considering the high number of genomic resistances manifested by patients in the second-

line. Other studies (28, 30) on NRTI and NNRTI resistance patters note because these ARTs are used as the 

main first-line therapy in highly active antiretroviral therapy (HAART), they are becoming more and more 

ineffective in blocking HIV replication. Additionally, due to the development of resistance to NRTI and 

NNRTI, new HIV cases in ART naïve patients already present resistance when transmission occurred from 

an individual infected with ART-resistant HIV. Subsequently, in ART naïve patients, the most common 
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pattern of resistance is seen for NRTI and NNRTI therapies.(29) This further underlines the need for safe sex 

education in HIV carriers, as they may spread a resistant virus and thus pose significantly higher treatment 

management issues for newly infected individuals. At the same time, these findings also point towards the 

need to develop improved ART therapies to counteract the increasing resistance patterns.  

Patterns of resistance detected in the North Oman population thus seem to resemble patterns of 

resistance to ART from other countries.(3, 4, 25) This study adds to the growing body of evidence mounting 

towards NRTI and NNRTI development as a response to the increasing prevalence of mutation patterns in 

this ART line. This study further confirms that in the studied population, genomic assay for detecting 

resistance to ART even for ART naïve patients may be necessary, given the high rates for NVP resistance. 

Finally, this study underlines the need for educating patients with HIV and the general public in safe sex 

practice to avoid new HIV infections, especially with ART-resistant strands. A further recommendation is to 

initiate a pre-treatment drug resistance (PDR) testing to avoid any chance of transmitted resistance. (16) Also, 

all HIV-1 medical team including the pharmacist should exert more effort toward improving patient 

adherence and improving treatment monitoring. (4) 

5. Conclusion 
An important aspect uncovered by this study and supported by additional investigations is the need for 

future developments in ART approaches. HIV resistance to antiviral medication targeting the reverse 

transcriptase stage of the viral replication process is increasing across populations. This trend has also been 

observed in the population investigated in this study. The national and international guidelines currently 

recommend the use of combined retroviral therapies albeit most of these recommendations focus on the use 

of NNRTIs and NRTIs. This may be a significant contributor to increasing patterns of resistance. Current 

data (18) suggests that using multiple targets in the viral replication process may be more effective in 

preventing the emergence of resistance conferred through mutations, as these combinations require the virus 

to produce multiple concomitant mutations. Considering that this is an unlikely scenario, these ART 

combinations may be more effective in managing HIV replication. 

Nevirapine and efavirenz (NNRTIs) could be substituted with alternative drugs. In addition, the use 

of Zidovudine rather than Tenofovir in the second line. Moreover, high frequency of M184V/I mutation may 

limit the effectiveness of NRTIs in the second and alternative line of treatments. 
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Appendix 1: Different mutations in different AR- groups. 
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