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Outline
● Markham et al. (1998) conducted a study on HIV-1 evolution by looking 

at patterns over time.

● Markham et al. (1998) placed rapid and moderate progressors in 
different groups due to CD4 cell decline from HIV-1. 

● However, no significant difference was found in their study. 

● Should rapid and moderate progressors be categorized in the same 
group since they have no significant difference?

● We collected data from the first and two year visit of the rapid and 
moderate progressors. 

● We calculated theta and performed a t-test which showed that rapid and 
moderate progressors should be in the same group.
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Markham et al. (1998) conducted a study on HIV-1 
evolution by looking at patterns over time 

● Human Immunodeficiency Virus (HIV) has a much 
higher mutation rate than its host cell

● Markham et al. studied 15 subjects within a four year 
observation period

● Clones from each visit were sequenced 

● Diversity and divergence were analyzed over time 
between and within subjects 



Markham et al. separated rapid and moderate 
progressors in different groups due to CD4 cell decline
Markham et al. (1998) categorized their subjects into three categories

● Rapid progressors: obtained a level of fewer than 200 CD4 cell 
count within the first two years of seroconversion

● Moderate progressors: declined to 200-650 cell count during the 4 
year observation period

● Nonprogressors: maintained a level of CD4 cells above 650



Rapid and moderate progressors had no statistical 
difference regarding diversity and divergence 

Markham 
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The Main Question

Should rapid and moderate progressors be 
classified in the same group?
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Subjects 4 and 7 disregarded from this study 
due to inconsistency 

Markham et al. (1998) Proc Natl Acad Sci U S A. 95:21



Data was observed from first and 2 year visit 
Subject 1 was disregarded due to lack of visits 
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Three clones from each of the chosen subjects 
were randomly selected

● Out of all the visits, subject 6 had a maximum of three clones 
from the first visit

● Therefore, to keep the data uniform, three clones were chosen at 
random for the remaining subjects for the first and second year 
visit.



No Pattern Observed in Phylogenetic Trees of Subjects 

= Rapid = Moderate
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Theta was calculated using multiple sequence 
alignment of the clones 

● Clones from each subject were aligned in CLUSTAL format 
○ First visit and two year visit were aligned separately

● Theta calculates average pairwise genetic distance 
○ S is the number of nucleotide differences
○ Harmonic sum was found using a harmonic sum calculator

● Compared theta values for each subject from the 1st visit and the 
2 year visit 

Dahlquist (2020). BIOL368/S20:Week 5



t-test was used to determine if rapid and moderate 
progressors should be in the same group

● Theta differences between 2nd year and first visit were used for 
statistical analysis

● t-Test is used to test the null hypothesis that the means of two 
populations are equal
○ Null hypothesis: Are the means of the rapid and moderate 

progressors equal?



F-test showed that the variances were unequal 
between rapid and moderate progressors

● T-test assumes that the variances are unequal between the 
two tests
○ Therefore, a F-test was conducted beforehand

● F-test is used to test the null hypothesis that the variances of 
two populations are equal
○ If F> F-critical one-tail, then we can reject the null.
○ Since 7.81>6.59, we can reject the null-hypothesis.

● The variances of the two populations are unequal.
○ Therefore, we can proceed with the t-test.



t-test showed no significant difference between the 
two groups  

● lf t Stat > t Critical two-tail, the null 
hypothesis is rejected
○ -0.98 > 2.77 is not true, therefore, it is 

not rejected
● The observed difference between the 

rapid and moderate progressors is not 
statistically different 

● And therefore, should belong in the same 
group



Variance difference and sample size in t-test could 
explain why there is no significant difference

● Even though no significant 
difference was observed, there is 
a 8-fold difference in variance 
between rapid and moderate 
progressors as well as a small 
sample size.

● These factors could have led to 
the two groups being 
non-significant.



Summary 
● Markham et al. (1998) conducted a study on HIV-1 evolution by looking 

at patterns over time.

● Markham et al. (1998) placed rapid and moderate progressors in 
different groups due to CD4 cell decline from HIV-1. 

● However, no significant difference was found in their study. 

● Should rapid and moderate progressors be categorized in the same 
group since they have no significant difference?

● We collected data from the first and two year visit of the rapid and 
moderate progressors. 

● We calculated theta and performed a t-test which showed that rapid and 
moderate progressors should be in the same group.



Future Research

● Markham et al. could repeat the study by using different 
factors that affect the p value of the statistical test.

● Including, but not limited to:
○ Larger cohort size
○ Consistent visits
○ Diverse group of subjects 
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