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Abstract. The potential of machine learning, a specialization of the artificial in-

telligence domain, to potentiate the scientific research being pursued to combat 

the pressing medical challenges of our time can neither be denied nor overstat-

ed. HIV/AIDS, a lethal pandemic taking the lives of thousands annually, is be-

ing fought by incorporating machine learning models into the exploratory pro-

tocols aimed at reducing the associated morbidity and mortality as well as to cut 

down on the costs being incurred by the health care services. Adoption of such 

superior protocols shall allow us to keep HIV/AIDS pandemic at bay, especially 

in these pressing times where the global scientific community is fighting 

COVID 19.     
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1 Introduction 

The disruptive role of artificial intelligence (AI) in each & every step of each & every 

pipeline currently instituted in the medical universe— may it be the exploration of the 

pathogenesis of an ailment
(1)(2)(3)

, identification of risk factors & clinical features
(4)

, 

optimization of patient management protocol
(5)

, modelling of disease prognosis
(6)

 or 

discovery of an effective vaccine
(7)

— can neither be denied nor overstated. Even 

though Kulkarni S et al.
(8)

 termed AI to be “relevant to visually-orientated specialities 

such as radiology, pathology, ophthalmology, and dermatology”, its applications in 

drug & vaccine discovery as well as in the optimization of patient prioritization proto-

cols are coming out to be promising. 

With key populations affected being drug addicts who inject recreational drugs, sex 

workers & homosexual men & lethal tuberculosis as well as hepatitis coinfections 

well established, HIV AIDS is termed as a “pandemic” by WHO, responsible for as 

many as 770 000 deaths worldwide in the year 2018, with a staggeringly high number 

of people, as many as 37.9 million, reported to be living with this ailment by the end 

of the same year.
(9)

 With widespread stigma associated with the condition
(10)

, HIV 

AIDS is a real challenge for the health apparatus to deal with. 
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In this literature review, we shall be exploring the applications of machine learn-

ing, a specialization of artificial intelligence, in deterring the HIV AIDS pandemic at 

different fronts, may it be drug discovery
(11)

,  or optimization of the patient prioritiza-

tion protocol, with the end goal of decreasing the associated morbidity & mortality, as 

well as social stigma attributed to an HIV AIDS patient. 

This is a call to all researchers to embrace the powerful & effective principles & 

applications of machine learning, as one of many tools, in the fight against HIV 

AIDS, especially in these pressing times where complete priority to the CoVid 2019 

pandemic has left the HIV pandemic flank wide open, vulnerable & exploitable.
(12)

 

2 Methods 

Google scholar
(13)

 was used to search for suitable case studies. A filter for retrieving 

only those articles that have been published in 2020 was adopted. Key phrase adopted 

for the search was “hiv aids machine learning”. Only peer-reviewed articles were 

considered. Literature reviews and preprints were not considered. 

3 Case studies 

3.1 Optimization of the prioritization of HIV infected patients for treatment 

Rivero-Juárez A et al.
(14)

, by adopting a highly data-driven approach, utilized the pre-

dictive powers of machine learning to reevaluate the Spanish national strategic plan 

for HIV treatment by exploring such factors in HIV/HCV co-infected patients that 

allow them to be prioritized over others for antiviral therapy in a bid to mitigate the 

overall morbidity & mortality rate associated with HIV AIDS. 

By exploring the massive Spanish HERACLES cohort dataset, neural networks 

were designed, trained & tested so as to come up with a prediction over the necessity 

of the initiation of the respective antiviral therapy on a patient, by taking in variables; 

variables that are diverse in their complexity from as simple as age & gender to as 

specialized as hepatic fibrosis stage, that was measured via a FibroScan (FibroScan; 

Echosens, Paris)-powered Liver transient elastography. 

After the inevitable scaling of the input variables, the holdout procedure was used 

for training the neural networks where the models’ performance was measured in 

terms of standard measures including, but not limited to, the area under the ROC 

curve (AUC) & accuracy. One variable: expression of irrefutable evidence of drug 

consumption in the previous 3 months (termed as “recent People who inject drugs”) 

was found to be an independent variable utilized by the trained neural networks in the 

classification process. A splendid, high AUC of 0.802 is reported. 

Utilizing such simple-to-use models, powered by machine learning, allows a phy-

sician to take an informed decision on initiating the antiviral therapy for an HIV-HCV 

co-infected patient. 
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3.2 Prediction of the survival of an HIV/AIDS hospitalized patient 

In a large-scale retrospective cohort study, Yuan Z et al.
(15)

 developed an illustrative 

nomogram that predicts the survival probability of an HIV/AIDS inpatient to optimize 

the allocation of intensive-care services. 

By taking in 3 724 inpatients hospitalized between the January of 2012 to the De-

cember of 2014 in the Fourth People’s Hospital of Nanning, Guangxi, China & sub-

sequently performing data dimension reduction as well as optimal predictors’ selec-

tion using the least absolute shrinkage and selection operator (LASSO) method, a Cox 

proportional hazards regression model was designed in order to build a baseline nom-

ogram that predicts the survival of an HIV/AIDS inpatient at 10-days & 20-days after-

admission intervals. 

The obtained nomogram was tested on an external-validation cohort, with a 

strength of 1 987 inpatients that were admitted between the January and the December 

of 2015, and received an Area under the curve of Receiver operating characteristic          

(AUC-ROC) as high as 0.768 (95% CI 0.710–0.826) and 0.764 (95% CI 0.715–0.813) 

at the aforementioned two time-points. 

An illustrative, simple-to-comprehend nomogram was thus developed and validat-

ed, having considerable predictive accuracy, where the Integrated Brier score was as 

low as 0.076 (95% CI 0.061–0.101). Such an application of machine learning allows 

Emergency Medicine physicians to decide which patient to be provided with immedi-

ate intensive care services.  

3.3 Prediction of HIV/AIDS viral rebound 

On the premise of being robust to over-fitting and noise and having the superior abil-

ity to perform multiclass classification, The Random Forest model was adopted by 

Kamal S et al.
(16)

 to incorporate both; The Swiss HIV Cohort Study (SHCS) and 

Swiss Interprofessional Medication Adherence Program (IMAP) databases into a 

machine learning model that predicts virological failure in an HIV/AIDS patient. 

By implementing 10-fold cross-validation in order to prevent the training model 

from predicting the data point at hand using the future data points & by adopting Oc-

cam’s Razor to choose optimal predictors to be incorporated into the training model, 

as much as 255 models were trained varying in the input variables they were trained 

on. The sensitivity was reported to be as high as 89% with small computation time 

required. 

By adopting machine learning models along with the HIV RNA testing, the viral 

load monitoring can be made best suited to a respective patient’s variables, reducing 

the health-care costs, thus. 

4 Discussion 

In this literature review, a concise consideration was taken over the potential of ma-

chine learning, a specialization in artificial intelligence, in curbing HIV/AIDS pan-

demic; Where the global health resources and channels are already strained tackling 
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COVID 19 pandemic, incorporating computing-friendly, easy-to-comprehend and 

implement protocols, having machine learning at their center, can help us in keeping 

the HIV/AIDS pandemic at bay, away from getting effective enough so as to wreak 

catastrophe. 

May it be optimizing the protocol to prioritize HIV infected patients for treatment 

so as to effectively reduce associated aggregated mortality without imposing a burden 

on health resources, predicting the survival probability of an HIV/AIDS inpatient so 

as to decide on the appropriate management strategy to initiate or be it the realm of 

predicting viral reload and thus the effectiveness of the care being provided to an 

HIV/AIDS patient, machine learning models have come up as, if not better then, at 

par to the conventional gold standards. It is worth noting that such “gold standards” 

are not only a real burden to the global economies but also have not been successful, 

as of yet, to annihilate this pandemic once and for all. The situation, thus, demands for 

the incorporation of better strategies and machine learning is, no doubt, if not only 

than surely one of the major leading contenders to take the stage as the “next gold 

standard” in the fight against HIV/AIDS pandemic. 

This literature review is but a minute glance into the scientific community’s praise, 

subsequent exploration and consequent incorporation of machine learning in the fight 

against pandemics in general, particularly the COVID 19 and HIV/AIDS pandemics. 

Tu W et al
(17)

 utilized random forest models to explore neurocognitive impairment 

associated with HIV/AIDS and were able to uncover several such variables that were 

significantly associated with the various types of said neurocognitive development but 

were obscured due to the inferior analysis potential of conventional regression mod-

els. Paul RH et al
(18)

 adopted gradient-boosted multivariate regression models to build 

a classifier to predict the risk for “suboptimal neurocognitive development” in cases 

of perinatal HIV/AIDS and were able, not only to unearth novel, previously undis-

covered associations between neurocognitive impairment and both; CD4 count as 

well as hematocrit levels, but also obtain an area under the curve as high as 90%. 

5 Conclusion 

Via a concise commentary that projected the undeniable potential of machine learning 

to be successful at all the fronts against HIV/AIDS pandemic, we provided a snapshot 

of the applications of machine learning in the optimization of the associated protocols 

and prediction of the inpatient’s survival. Moreover, the potential of machine learning 

to uncover significant interactions influencing HIV-associated neurocognitive im-

pairment was also exhibited. This is a call to all the scientific community to embrace 

and explore machine learning and subsequently incorporate it in the fight against 

HIV/AIDS. 
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