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Improving HIV surveillance and incidence estimation using the SMARTube™ Stimulation Index 

(SI): Differentiation between very early, recent, and non-recent HIV infections. 

 

 

 

 

The problem: 

The need for good surveillance tools cannot 

be over-emphasized. Without it, there is no 

way to measure the epidemiological efficacy of 

any treatment, education, or prevention 

programs. Without the ability to measure 

incidence, we cannot know if our efforts in 

treating the HIV epidemic are effective, nor 

can we estimate the cost effectiveness of any 

of the national programs for prevention. 

 

Several factors hinder good surveillance and 

incidence estimations, including the inability to 

differentiate recent from non-recent infections. 

With the currently available tools we have, not 

only varying false recent rates, but also, the 

length of the serologic recent period (RP) 

varies in different populations and with HIV 

clades thereby influencing  the ability to 

correctly identify and estimate recent infection. 

 

The  theoretical model, of a good incidence 

assay, requires two main attributes: 

1. A very low False Recent Rate (FRR) – 

i.e. below 2%. 

2. A long enough serologic recent period 

(RP)  - so that recent infections could 

be identified in large enough numbers 

in a cross sectional study of High Risk.. 

 

The proposed solution: 

To include cell-based information (HIV primed 

B-cells) in addition to the serological 

information (HIV antibody levels in the plasma. 

This can be done using the SMARTube 

HIV&HCV. 

The ability to detect persons in the WP, and distinguish 

recent infections in populations, provides a tool for 

identifying populations with high incidence. The use of 

the SI has provided a model to differentiate persons 

who are in the WP or are recent seroconverters, from 

those who have established infection or late stage HIV 

infection. SMARTube enables measurement of true 

prevalence, and better incidence estimates. 
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Methods 

Figure 2. Stimulation Index over time  from HIV 

seroconversion – a heuristic graph.  

Figure 3. The ratio between SMART Plasma and 

Plasma (SI) differentiates between recent and non 

recent infection, and also the early or late stages. 

The ratio between the different SI sub-groups varied 

among the various populations (Fig. 4.1-4.4). An 

epidemiological picture was obtained, by the 

distribution of the SI in a cross sectional survey.  

How the SMARTube works: 

In the SMARTube for HIV, lymphocytes which 

have been primed by HIV in-vivo are  activated 

in-vitro to proliferate and differentiate,  leading 

to enhanced antibody production. This enables 

the detection of antibodies, by routine antibody 

tests, even during the seronegative window 

period. 

Blood was collected from high risk populations in 

the USA and Kenya, and the clinical trial was run 

according to the flowchart in Figure 1.  

Based on the humoral immune response 

during HIV infection, it is expected that the 

SI will decrease over time, starting with high 

values at seroconversion, and decreasing to 

values lower than 1.0 when the immune 

system deteriorates. 
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Figure 1. Flowchart of the study design in both 

Kenya and the USA. 

Fig. 4.4. 

Young adults  

(Total 332) are 

at very high risk 

due to sexual 

activity. Many 

infections were 

found to be 

recent. 

→ Long RP for 

SI >1.2 (recent) 

Fig. 4.1. In a 

population (103 

total) of  long 

term infections, 

there are no 

recent infection 

and all SI values 

are below  the 

1.2 threshold.  

→ FRR<1% 

Fig. 4.2. 

In methadone 

clinics (371 

total), high risk 

was mostly in 

the past. Thus 

none or few 

would be recent 

infections. 

 
Fig. 4.3 . 

The population 

(513 total) at 

large is at high  

risk of HIV 

infection. Many 

were found to 

be recent,  

→ Long RP for 

SI >1.2 (recent) 

Using the SI values, the HIV seropositive 

individuals /samples were divided into three groups. 

The SI>1.2 for recent infections; SI=1.0 ± 0.2, for 

non-recent infections; and SI<0.8 for late stage of 

HIV infection (the window period samples are not 

included as SI values then are = ∞.  
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