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Human immunodeficiency virus (HIV) is a major public health issue worldwide. As 

of 2018, 37.9 million people worldwide live with HIV, 1.7 million of which are 

new HIV infections, and 770,000 are surmised to have died from Acquired 

immune deficiency syndrome (AIDS) related illnesses. However, the exact number 

of HIV infections cannot be confirmed; The Joint Unite Nations Programme on 

HIV/AIDS (UNAIDS) and World Health Organization (WHO) have computed and 

disclosed the number of HIV infections, new HIV infections, and AIDS mortality in 

participating countries for several years to tract and estimate the current HIV 

prevalence, and the organizations are striving to enhance the accuracy of 

estimation of current HIV infections by ameliorating various techniques. In South 

Korea, the government only discloses the number of new HIV infections as an 

official statistic, and there is no agreed method of estimating current HIV 

infections. Thus, in this article, we introduce various methods for estimating HIV 

infections and methods to reflect the number of undiagnosed HIV infections in 

Korea to the estimate.
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INTRODUCTION

Human immunodeficiency virus (HIV) remains a major public health issue in the 

world (1). In 2018, the number of people infected HIV around the world was 

37.9 million, of which 1.7 million were newly diagnosed, while 0.77 million 

people died of Acquired immune deficiency syndrome (AIDS)-related diseases (2). 

Worldwide, new cases of HIV infection are gradually decreasing. By continent, 

the trend has decreased in southeast Africa, west and central Africa, and the Asia 

Pacific region, and increase in Eastern Europe, Central Asia, the Middle East and 

North Africa (3). In the European Union, it has been reported that about 

one-third of HIV infected people were unaware that they were infected (4), and 

in some eastern European countries up to 60% of persons infected with 

AIDS/HIV have not been diagnosed (5). In Korea, the first cases of HIV infection 

were found and reported in 1985, and the number of cases has increased 

continuously since 1988. In 2018, 1,206 new cases (989 Koreans, 217 foreign 

nationals) were diagnosed and reported, bringing the current number of people 

living with HIV infection to 12,991 (6).
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However, HIV does not immediately lead to the onset of AIDS symptoms upon infection, so the number of HIV diagnoses 

and number of undiagnosed HIV infections are both estimates. Hence, there is a method that estimates the number of HIV 

infections as measures to respond to the risk. This plays a crucial role in reducing the burden of HIV infection and 

strengthening the rationale for appropriate treatment and HIV testing.

The method of estimating the new HIV infected persons are an important evidence for the true economic burden of HIV 

infected, the corresponding need for treatment and the strengthening of HIV testing. Two organizations, The Joint Unite 

Nations Programme on HIV/AIDS (UNAIDS) and World Health Organization (WHO), have calculated the number of 

HIV-infected people, the number of newly infected people, and the AIDS mortality rate in participating countries over a 

period of several years in a bid to follow and estimate the trend of HIV infection. As there is no agreed method of 

estimating the number of HIV-infected people in Korea at present, the purpose of this paper is to review the integrated 

and comprehensive methodology, and the approaches to calculating the number of people infected with HIV that are 

currently available. 

THE ESTIMATION OF THE NUMBER OF HIV-INFECTED PEOPLE

Selection of major variables for estimating the number of HIV-infected people

It is most important to select the major factors to be considered in estimating the number of HIV-infected people, and the 

major variables with priority selected through the methods of calculation presented in several research papers are as 

follows. 

Prevalence calculation

Prevalence calculation is a method of obtaining an estimate of the rate of HIV-infected people from a sample group of 

persons in a specific risk category. As prevalence is a quantitative method, it can produce sampling errors, and the estimate 

can be biased if the sample does not fully represent the risk group; however, the bias can be reduced by increasing the size 

of the sample or dividing the risk group (7).

Collection of clinical information at diagnosis

Using the HIV surveillance system, divided stratification of the estimation of HIV-infected people makes it possible to 

estimate the number of people infected with HIV through such data as basic demographic data, date of diagnosis, HIV 

infection pathway, CD4+ T cell count at diagnosis, symptoms at diagnosis (AIDS-related or non-related symptoms), 

antibody testing or recent infections. Clinicians in some European countries including the United Kingdom (UK) must 

periodically report treatment outcomes (such as the most recent CD4+ T cell count, the patient’s treatment status). Ideally, 

as in the case of the Netherlands, the clinical information of all diagnosed HIV-infected people is collected on a continuous 

basis for use in public health.

AIDS cases

Although the effectiveness of using reported cases of AIDS as basic data has declined since the use of antiretroviral 

treatment, it can provide information on the size of the undiagnosed population through late HIV finding (diagnosis after 

AIDS development), and thus the related data should be collected continuously as a matter of priority (8).

Deaths among people with HIV/AIDS

Because the number of mortalities should be excluded when calculating the number of HIV-infected people, information 
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on HIV/AIDS mortality is a useful variable for estimating the number of infected people. But, for a more accurate 

calculation of the number of infections, the bias in mortality should also be considered, as in the case for undiagnosed 

HIV/AIDS-infected mortality.

Most methods of calculating the number of HIV-infected people recommend collecting as many of those variables as 

possible so as to be able to estimate the number of cases more accurately.

Estimation of undiagnosed HIV-infected people

Prevalence estimation

HIV prevalence within a population can be estimated by summing the HIV prevalence estimate within an at-risk group and 

sample size estimates for each at-risk group. In other words, the HIV prevalence estimate can be calculated by estimating 

HIV prevalence within each group and multiplying it by the population size, and if this is calculated for all at-risk groups, 

the total HIV infections can be estimated (9). 

The number of undiagnosed HIV infections can be estimated by subtracting the number of HIV diagnoses for each at-risk 

group from the total HIV infection estimate. One major limitation of prevalence estimation is the need to match the size of 

at-risk population to HIV prevalence in those populations. For example, the male HIV prevalence in the MSM (Men who 

have Sex with Men) group estimated by estimating the MSM population does not apply to the stratification of the entire 

male population. This method is utilized by UNAIDS (UNAIDS, http://www.unaids.orgen/KnowledgeCentre/HIVDATA/ 

Epidemiology/E), and the shortcoming of infection estimation can be overcome with enhanced accuracy of the method if 

the high-risk and low-risk groups are appropriately distributed (10, 11).

Estimation of high-risk population size

While multiple methods have been employed to estimate the size of high-risk populations, it has been confirmed that these 

populations are underestimated due to reasons such as stigma. Thus, more accurate methods of estimation, such as 

network scale-up method (weighting responses from acquaintances) and developing indices that minimize potential bias, 

have been proposed (7).

The multi-parameter evidence synthesis method (MPES) in AIDS patients

The MPES method is based on prevalence survey and sample size of at-risk groups, but it was designed to include the 

whole body of information pertaining to other approaches, prevalence estimation, and sample size of at-risk groups in its 

data source (12-14). The MPES technique integrates various bodies of evidence through mathematical triangulation and 

establishes a framework for detecting the link between evidences that show an equal quantity or mediating variables. 

Some information may be biased, but the MPES technique can model parameters without such biases. Estimation is 

performed using the Bayesian inference, and this technique attempts to produce an accurate and consistent estimate of 

HIV infections without uncertainty of the estimation process. 

HIV cumulative incidence method

HIV cumulative incidence method enables estimation of both current HIV incidence and past HIV incidence. Cumulative HIV 

deaths is needed to estimate the current HIV prevalence, and this can be calculated by subtracting from HIV cumulative 

incidence. One major limitation of the HIV cumulative incidence method is that incidence at the time of infection cannot be 

estimated solely based on diagnosis results. Therefore, adding data at the time of diagnosis, such as AIDS onset and CD4+ 

T cell count could enhance the estimation accuracy. The HIV cumulative incidence method assumes that all HIV infections 

are diagnosed during the patient’s lifetime or upon death, and this varies according to the HIV diagnostic testing situations 

in each country. Furthermore, data on total cumulative HIV deaths is also needed, and the possibility of underestimation 

due to a gap from the number of registered deaths must be taken into consideration (7). 
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Back calculation method

The back-calculation method, which was the most widely used approach in early HIV infection estimation, estimates HIV 

infections by estimating the distribution of annual AIDS infections and time from HIV infection to AIDS onset. If the data on 

cumulative HIV-related deaths is accurate and available, total HIV infections can be estimated, and the number of 

undiagnosed HIV infections is estimated based on the data on the diagnosed HIV infections (5, 7). Due to the lack of an 

effective treatment at the time, most HIV infections progressed to AIDS. However, the introduction of an effective 

antiretroviral therapy (ART) stalled the progression of most HIV infections to AIDS, and for this reason, estimating the 

distribution of time from HIV infection to AIDS onset has become obsolete. Hence, the basic back-calculation method is no 

longer used as a technique for estimating undiagnosed HIV infections. In addition, even if the distribution of time from 

infection to AIDS onset can be estimated, it is possible that the patients diagnosed with AIDS had not been diagnosed with 

HIV infection; thus, it cannot provide reliable information on the trend of recent HIV incidence among AIDS patients. 

However, the technique is used after some modification and expansion, such as replacing number of AIDS patients with 

number of HIV diagnoses. 

Expanded back-calculation method

(Bayesian back-calculation method, UK) The Biostatistics Unit at Cambridge, UK, calculates the number of undiagnosed HIV 

infections with the Bayesian back-calculation using a multi-state model using the MSM group data from the Health 

Protection Agency (HPA) data (15). This approach requires data on new HIV diagnoses by quarter and AIDS diagnosis in 

the same quarter (late diagnosis), and CD4+ T cell count is strongly recommended but not essential for some data. Data is 

computed by strata of risk groups.

(The serological method, US CDC) The US CDC in Atlanta, Georgia computes HIV incidence in the US using an expanded 

back-calculation method and compares this with the results of classifying recent infections and long-term infections based 

on a serological method (16). The expanded back-calculation method was used to estimate the number of undiagnosed 

HIV infections and HIV incidence in the US. Data required for such estimation include demographic data, whether AIDS and 

HIV were diagnosed on the same year, and number of annual HIV diagnoses (disease progression). 

(Used MSM, Persons who Inject Drugs (PWID), and heterosexual risk group)

National Centre in HIV Epidemiology and Clinical Research in Sidney, Australia developed another expanded back- 

calculation method in collaboration with the research team at Public Health Agency of Canada. The team restructured the 

MSM, PWID, and heterosexual risk group data (17, 18), and this approach has been used to estimate HIV incidence and 

prevalence in Canada as well. Data required for this approach include HIV diagnosis results and distinguishing between 

recent HIV infection and long-term HIV infection (previous negative test results, seroconversion,western blot indeterminate 

result within 1 year). This methodology does not require an experiment on biomarkers, such as CD4+ T cell count. 

Simultaneous HIV/AIDS diagnosis based on the CD4+ T cell count

Every year, some undiagnosed patients are diagnosed with HIV as they are diagnosed with AIDS (defined as concurrent 

HIV/AIDS diagnosis). This method estimates the size of undiagnosed population (number of undiagnosed HIV/AIDS 

patients) in a specific risk group based on the data on concurrent HIV/AIDS diagnoses in a particular period using AIDS 

incidence in CD4+ T cell count (19). However, estimation of the number of undiagnosed people with a high CD4+ T cell 

count can be more unstable than the number of concurrent HIV/AIDS diagnoses with a specific CD4+ T cell count. This 

methodology is conducted under the assumption that both the number of concurrent HIV/AIDS diagnoses over a year and 

the uncertainty of concurrent HIV/AIDS diagnosis can be factored into the estimate. The uncertainty of this estimate is 

evaluated under the assumption that AIDS incidence follows a normal distribution, and the number of concurrent HIV/AIDS 

diagnoses is assumed to follows a Poisson distribution. Both techniques can be improved if it is assumed that a continuous 

function describes the relationship between CD4+ T cell count and AIDS rate.



JBV Journal of

Bacteriology and Virology VOL 50. NO 3. September 2020

154 Copyright � 2020 Journal of Bacteriology and Virology

(Use the CD4+ T cell count method, UK)

With method 1, the CD4+ T cell count at time of HIV/AIDS diagnosis is required. The number of undiagnosed HIV 

infections can be estimated by dividing the number of concurrent HIV/AIDS diagnoses for a group by the CD4-specific AIDS 

rate. The results for all groups can be added to determine the total number of undiagnosed HIV infections. AIDS rate 

estimation can be inaccurate for high CD4 cell counts (4, 19). 

With method 2, it is assumed that the CD4+ T cell count in the undiagnosed population can be approximated based on the 

CD4+ T cell count at time of diagnosis of asymptomatic HIV patients under treatment. This requires cohort data or data on 

whether cases were asymptomatic at time of diagnosis (4, 19). 

(Collection of major variables at the KCDC (Korea National Institute of Health) 

The KCDC collects major HIV parameters for the management of HIV patients. In this section, we review the major 

parameters collected by the KCDC (KNIH) and needs for improvement. 

Prevalence calculation

Currently, the KCDC (KNIH) calculates HIV prevalence, an estimated percentage of HIV-infected individuals, by HIV testing 

facility. In other words, the sample population for prevalence calculation is set to each testing facility. While this differs 

from the routine prevalence calculations based on high-risk populations such as the MSM population or PWID population, 

prevalence by facility would be a meaningful estimate of HIV infections in Korea, owing to the fact that HIV prevalence 

significantly varies across facilities in Korea (1.68 per 10,000 population in three facilities—public health centers, blood 

services, and military manpower administration in 2015; prevalence of 0.43 per 10,000 population in blood services, 8.46 

per 10,000 population in public health centers, and 0.86 per 10,000 population in military manpower administration) (20). 

However, computing prevalence in more specific testing facilities or prevalence by high-risk groups would further reduce 

bias.

Collection of clinical information at diagnosis

In Korea, information about HIV-positive individuals is collected via HIV/AIDS Supporting Network System (HASNet), and 

the major parameters, namely basic demographics, date of diagnosis, route of HIV infection (if available), antibody testing, 

CD4+ T cell count at diagnosis (if available), and symptoms at diagnosis (AIDS-related or unrelated symptoms), are 

collected through an epidemiologic study of infected individuals. However, route of infection differed from that found by 

the Korean HIV/AIDS cohort study. Further, immunoassays for infected individuals have several missing values and thus 

cannot be used as a major parameter. 

Aside from this, HIV infections are distinguished between recent infections and long-term infections using a serologic kit. 

More accurate data could be collected if immunoassay results and results of counseling for HIV-infected individuals can be 

accessed. 

AIDS patients

Korean data does not classify patients with reference to the onset of AIDS. Epidemiologic data at diagnosis are collected, 

so it would be possible to classify patients according to the definition of AIDS. However, with the increased use of ART over 

the years, whether AIDS diagnosis can be utilized in the estimation of population size calls for thorough review. 

Death of HIV patients

When an HIV patient dies, the patient’s data is uploaded to HASNet, and data on HIV deaths can be accessed through the 

Statistics Korea death data. However, more data are needed to determine the major cause of death of HIV patients. 
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Moreover, because HIV testing is not performed on expired patients, bias pertaining to undiagnosed HIV deaths must be 

taken into consideration. 

Cohort study

Through the Korean HIV/AIDS cohort study, treatment outcomes of approximately 1,000 patients yearly—a total of 1,500 

patients thus far—are available for use in public health. To overcome the limitations with representativeness of the data due 

to inadequate sample sizes, efforts are being made to enhance the external validity of the data through measures such as 

analyzing the National Health Insurance Service (NHIS) data. 

Status of KCDC (KNIH) estimates (possibility)

The KCDC computes epidemiologic data for HIV, such as prevalence by HIV testing facility (focused on public health 

centers), recent HIV infection rate, basic demographics of HIV patients, CD4+ T cell count for some HIV patients, route of 

infection of some patients, information about HIV deaths, antibody testing, and indeterminate testing results. Prevalence 

and recent infection rate are computed based on this information and are currently being prepared as a paper, and in the 

future, incidence estimates computed based on the prevalence and recent infection rates could be analyzed with an 

expanded back-calculation method (modified Atlanta method including HIV cumulative incidence method). Significant 

results could be obtained by further stratifying groups for parameters with inadequate data to reduce bias. 

CONCLUSION

We reviewed several methodologies for estimating the number of undiagnosed HIV infections. As each approach has both 

strengths and weaknesses, it is desirable to establish the most reliable estimation technique by utilizing as many 

approaches as possible to address the limitations of uncertainty with the number of HIV infections. The prevalence 

estimation method can potentially provide a comprehensive epidemiologic evaluation, and collection of clinical data would 

play a crucial role in estimating the number of undiagnosed HIV infections. In Korea, it is difficult to study estimation of 

undiagnosed HIV infections for reasons such as stigma. Thus, to estimate undiagnosed HIV infections, a broader scope of 

surveillance data must be collected, including data to be collected by the government. Collecting a wealth of data and 

utilizing multiple approaches as done so in European countries (21-23) would enable researchers to determine the 

presence of systematic differences in the results of various estimation approaches. Determining the exact number of HIV 

infections is practically impossible. However, with effort to gain an understanding of various problems with HIV in Korea, 

that is, the cause of mismatch, the methods of data collection could be continuously improved in the coming years, and it 

would gravely contribute to estimating the number of undiagnosed HIV infections. 
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