
New FiNdiNgs oN drug resistaNce
The “Big Three” diseases of Africa are 

HIV/AIDS, malaria, and TB. To date, we 
haven’t developed a successful vaccine for 
any of them, which means that drugs are 
of enormous importance in controlling the 
epidemics. For malaria and TB, the spread 
of drug-resistant strains has wreaked public 
health havoc, restricting our ability to 
control and eliminate the diseases.

As more and more HIV-positive people 
are treated with antiretroviral (ARV) drugs 
in Africa, the question of drug resistance 
has become increasingly important. In the 
U.S., if a patient becomes resistant to first-
line ARV therapy, he or she will be switched 
to a second- or third-line drug regimen. In 

southern Africa and other resource-scarce 
settings these options are often unavailable. 
Costly tests are needed to determine which 
drug a patient has developed resistance to, 
plus second- and third-line drug regimens 
are often prohibitively expensive.

While drug resistance in HIV-1B, 
the subtype that most affects the U.S. 
and Western Europe, has been studied 
extensively, very little research has been 
done on HIV-1C, the subtype that affects 
southern Africa, the heart of the epidemic. 
Kim Armstrong, a graduate student in the 
Essex Lab at the Harvard AIDS Initiative, is 
working to correct this. In a paper published 
this May in The Journal of Virology, Kim 
looks at how resistance develops to AZT 
in HIV-1C. AZT, also called zidovudine, 
is used in first-line ARV therapy across the 
developing world.  

HIV mutates quickly. A given mutation 
occurs randomly, but whether a mutated 
virus survives in a human host depends on 
how well that virus competes against every 
other nearby virus. Most mutations end up 
as dead viruses or have no effect at all, but 
when a person is taking AZT, mutations that 
enable the virus to survive in the presence 
of AZT will out-compete everything else. 
In other words, AZT is taken to keep the 
virus from replicating, but drug resistance 
mutations allow HIV to replicate in the 
presence of AZT.

In her research Kim found that some 
drug resistance mutations behave differently 
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testing for drug resistance increases 
treatment costs. 

Though he is now an Associate 

Professor in HIV/AIDS Research 

at the Nelson Mandela School of 
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a day iN the LiFe oF a graduate studeNt
in HIV-1 subtype B than they do in C. 
Some mutations are more viable in C 
than in B. The increased capacities of 
certain mutations may indicate that there 
will be greater transmitted resistance and 
persistence in a subtype C setting than 
what is known for subtype B. For example, 
someone in Botswana who has developed 
resistance to AZT could infect someone 
else with that drug-resistant form of HIV. 
If this newly infected person were put on 
a drug regimen containing AZT, the AZT 
would be ineffective.

Mutations also have the potential to 
persist at a population level. Kim found that 
some drug resistance mutations in HIV-1C 
may not compromise the virus’s ability to 
spread, making it as viable as wild type 
HIV that has not been altered by selection 
pressures from ARVs. Kim’s results are 
based on competitive growth by the virus 
in laboratory cultures (in vitro), not on 
epidemic-type transmissions in Africa (in 
vivo), but they are cause for alarm, warning 
us about the pressing need to study drug 
resistance in southern Africa. 

The development of expertise requires 
sustained periods of practice. 10,000 
hours is often cited as the amount of time 
necessary to achieve expert status. By that 
standard, Kim Armstrong, a graduate 
student in the lab of Max Essex at the 
Harvard AIDS Initiative, recently became 
an expert in HIV research. By her estimate, 
she has spent approximately 10,500 hours 
at her lab bench studying how drug 
resistance mutations affect the viral fitness 
of HIV.

Her dedication is fueled by both the 
desire to help end the AIDS epidemic and  
a life-long interest in biology. “Science was 
what I always wanted to do,” she says. Born 
in Covina, California, Kim moved often as 
a child, living with her family in Spokane, 
Seattle, Phoenix, and Salt Lake City.

After earning her undergraduate degree 
at the University of Utah, Kim arrived 
at the Harvard School of Public Health 
to pursue her interest in virus research. 
“Viruses are always one step ahead of us. 
There are antibiotics that work on almost 
all bacteria, but there are relatively few 
treatments for viruses. They’re such a small 
thing, yet they evade all of our brainpower 
and ingenuity.”

A typical day for Kim involves rising 
at 4:00 a.m. to go for a run, then arriving 
at the Essex Lab at 8:00 a.m. to put 
in a  full day at her bench. To the non-
scientist, what she does for the next eight 

to ten hours looks a lot like bartending. 
There are variously sized glass containers, 
much pouring of liquids and measuring of 
ingredients, some shaking and stirring and 
heating and freezing, all in the hopes that 
she’ll produce a useful concoction. Unlike 
a bartender, Kim doesn’t know the final 
results of her work ahead of time. When 
her research has been successful (see first 
article), she has learned something new 
about HIV that may ultimately help to 
produce more effective drugs or contribute 
to the design of an AIDS vaccine.

At the end of a long day, Kim drops 
off her DNA samples for sequencing 
before heading home. The sequences will 
be emailed to her in 48 hours, letting 
her know the results of the day’s work. 
She shares dinner with her husband and 

12-year-old daughter, Samantha, who is 
also interested in science. They watch the 
Bruins game before heading to bed.

Adding to the body of knowledge 
in an incremental way is what most 
scientific research is all about. There are 
breakthrough moments, but they are far 
outnumbered by false starts, dead ends, 
and numerous technical challenges. A 
commitment such as Kim’s to carry out 
the daily work, along with the resources 
to make that work possible, is what will 
end the AIDS epidemic. Kim expects to 
graduate this year and to continue her 
research on HIV.

(For a more detailed chronology of Kim’s day 
in the lab and the particular experiments she 
ran, visit www.aids.harvard.edu.)

New Findings on drug resistance (continued from front)

Kim at work in the lab

Kim sets up sequencing reactions by pipetting dNa into one plate and primers into another. 

By her estimate, she has spent approximately 10,500 hours at her 
lab bench studying how drug resistance mutations affect the viral 
fitness of HIV.
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of women reporting to antenatal clinics 

are HIV positive. His research focuses on 

HIV pathogenesis, host genetics, viral 

factors, and immune responses. 

spotLight: What did you learn 

from Max essex, chair of the Harvard 

aidS initiative, who was one of your 

mentors?

NduNg’u: i learned so much from 

Max: patience, seeing the big picture, 

humility, and the appreciation of other 

points of view. to me Max exemplifies 

trying to create something bigger than 

yourself. He values what other people 

bring to the table.

from Max i also learned that you need 

to be adaptable so that you can change 

and not be upset or intimidated when 

a new idea or new knowledge comes 

along. You have to be flexible in the way 

that you approach issues and be ready 

to utilize and integrate new knowledge 

into your work. You have to learn to 

constructively challenge others, but be 

open-minded to criticism. 

spotLight: What advice do you give 

to students who are contemplating a 

career in aidS research?

NduNg’u: You’ve got to have a passion 

for it. You know, one of the things that 

i always tell my students is that there’s 

not much money in Hiv research. We’re 

here because we believe that we have 

the capability to solve this important 

problem. if you don’t have a passion, 

you may as well not do it, because 

research isn’t easy. 

spotLight: When you’re interviewing 

a student or post doc to work in your 

lab, other than intelligence and a strong 

work ethic, what are you looking for?

NduNg’u: i’m looking for a person who 

will be a bit different. i’m looking for a 

student who will fit into the group, but 

who will also explore outside the group. 

at the end of the day, you can only 

learn so much from your supervisor. You 

learn a lot from other people and from 

challenging the norm. i have a number 

of students in my lab who are very 

sharp. they are always asking questions, 

challenging me and each other. i like 

that attitude as a catalyst for generating 

new knowledge.

spotLight: You now have over a 

dozen graduate students working in 

your lab. How did your experience as a 

student in the essex lab influence how 

you supervise and mentor your own 

students?

NduNg’u: one of the things that i 

stress in the lab is that people should be 

generous with their ideas. You learn a 

lot when you’re working in a laboratory 

that’s functioning well. Your supervisor 

might provide the right environment, 

but it’s really your colleagues that you’re 

interacting with on a daily basis. You 

need to listen to and communicate with 

them. So i try to encourage a supportive 

environment, where it’s a team rather 

than a competition that’s going on 

within the group.

spotLight: by nature, research involves 

a lot of dead ends. Sometimes a graduate 

student will work for months or years on 

a project that yields no useful results, 

only to have to abandon the work and 

start over again from scratch. How do 

you counsel a student who has just hit 

a dead end?

NduNg’u: first of all, right from the 

beginning, i tell my students that in 

graduate school, you’re here to learn. 

every experience you have in the lab 

is a learning experience.  So when an 

experiment doesn’t work, it’s not that 

you’ve failed.  You need to have the 

mentality that it’s not about success 

or failure; it’s about learning and fine-

tuning what you’re doing. it’s about 

developing into a scientist. 

spotLight: exceptional students from 

africa are recruited to study in the u.S. 

in the hope that they will return to 

africa at the end of their training to help 

develop both research and educational 

capacities. You’ve done this. How can 

universities like Harvard increase their 

success rate?

NduNg’u: i think that they need to 

have programs in the developing world. 

a lot of faculty who study issues in 

developing countries or africa have not 

spent considerable time there. they have 

very little connection on an ongoing 

basis so they work on problems from a 

very academic point of view.  
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thumbi Ndung’u (cont’d from front)

i think that one of the reasons why 

people don’t go back is because it’s not 

easy to go and start a program on your 

own when you’re fresh from graduate 

school or a post doc. the reason i went 

back myself was because there was 

an opportunity where Harvard had 

a program in a developing country.  

Max asked me to take a position at 

the botswana–Harvard Partnership. 

because i knew that i could get support 

and that there was infrastructure that 

Harvard had already developed there, it 

was easy for me to go.

So it’s about establishing programs 

and creating opportunities. Harvard 

could help, for example, by 

offering outstanding scholars joint 

appointments—creating positions that 

are resident in the developing country, 

but also with a substantive appointment 

at Harvard so that you can feel some 

kind of attachment and support from 

here.

We should also encourage students to 

go back and forth, to go and see the 

real world, as it were. it should be an 

on-going exchange. a lot of students 

from Harvard come and work in my 

lab in the summer or at other times of 

the year. i have students from South 

africa who come and work here. i think 

that sort of constant exchange is very 

important. 

as i said, it’s the ability to appreciate 

what other people bring to the 

table because they bring a different 

perspective from their experiences. in 

the end, i think it’s not only good for the 

developing country and the students, i 

think it’s also good for Harvard and the 

global community, especially in trying 

to address public health issues. 

What do chemical warfare and 
AIDS research have in common? Both 
are subjects that Dr. Iain MacLeod, a 
Research Fellow in the Essex Lab, has 
studied extensively.

Iain was born in Glasgow, Scotland 
in 1982. He received his undergraduate 
degree in virology. “Viruses seemed 
pretty cool,” Iain explained. “They’re 
responsible for world-wide epidemics, 
yet they’re not alive. Basically they’re just 
bits of DNA or RNA packaged around 
protein. Why should something that’s 
essentially non-complex cause such a 
wide range of diseases?”

Before beginning work on his PhD, 
Iain earned an LLM, focusing on 
international criminal law. For his thesis, 
he combined his knowledge of biology 
and the laws of war. He wrote about how 
international law has evolved to keep pace 
with the improvements in biological and 
chemical weapons science. Then it was 
back to virology.

Iain worked in a lab in Nairobi, Kenya, 
looking at how HIV is transmitted 
from mothers to infants through breast 
milk. He went on to receive his PhD 
in pathology from the University of 
Cambridge in 2007. While working 
towards his PhD, he did part-time legal 
research, working on a draft convention 
to criminalize biological and chemical 
weapons at the individual level. At the 
moment, international law only covers 
activities of a country, not, for example, 
an individual such as a president or 
general who would give the order to use 
a chemical weapon.

After Cambridge, Iain was interested 
in HIV research with an international 
perspective. Coming to work with Prof.
Max Essex, Chair of the Harvard AIDS 
Initiative, seemed liked an excellent fit. 
Iain arrived in Boston last fall. He and 
Dr. Chris Rowley have been looking at 
HIV-infected infants who have developed 
drug resistance. Iain is also trying to 
identify why HIV-1C, the subtype of 
HIV most prevalent in southern Africa, 

is able to infect hematopoetic stem cells, 
which can lead to anemia.

While in Boston, Iain has kept his legal 
research skills sharp by helping to write a 
paper on white phosphorus and the laws 
of war. White phosphorus is often used 
to create a smoke screen, but it can also 
cause extensive burning. Iain coauthored 
a recently published paper that examines 
at what point white phosphorus ceases 
to be a legitimate chemical allowed on 
the battlefield and becomes a chemical 
weapon.

Keeping true to his desire to work 
internationally, Iain will leave for 
Botswana this fall to conduct HIV/
AIDS research at the Botswana–Harvard 
Partnership (BHP).

On April 13th the Harvard AIDS 
Initiative was honored to host Festus 
Mogae, the former President of Botswana, 
who served from 1998 to 2008. Max 
Essex, Chair of HAI, introduced President 
Mogae and outlined his achievements. 
President Mogae has been a world leader 
in HIV/AIDS.  Nearly a decade ago, when 
over one-third of the adults in Botswana 
were HIV positive, he acknowledged the 
enormous threat of AIDS to southern 
Africa and took decisive action. He began 
a program to make antiretroviral (ARV) 
drugs free in Botswana. With his urging, the 

Botswana Ministry of Health collaborated 
with the Harvard AIDS Initiative to 
form the Botswana–Harvard Partnership 
(BHP). Through close collaboration with 
BHP clinicians, the first public ARV clinic 
opened in 2001. At the same time, the 
government began a campaign to prevent 
mother-to-child transmission.

While other African leaders denied that 
AIDS was a problem, Mogae publicly took 
an HIV/AIDS test and encouraged his 

fellow citizens to do the same. Under his 
leadership, Botswana initiated an opt-out 
program for HIV testing. Because of this 
program, a larger percentage of Botswana’s 
citizens know their HIV status than in any 

other developing country. Today Botswana 
is a model for HIV/AIDS treatment in 
Africa. Over 90% of HIV-infected patients 
needing ARVs receive them free of cost 
from the national program. The number 
of infants infected with HIV by their HIV-
positive mothers has dropped from 40% 
to 4%.

In 2008 President Mogae received the 
Mo Ibrahim Prize for Achievement in 
African Leadership, the largest annually 

awarded prize in the world. When 
presenting the award, Kofi Annan, former 
United Nations Secretary-General said, 
“Festus Mogae prioritized combating the 
stigma associated with HIV and AIDS and 
put in place one of Africa’s most progressive 
and comprehensive programs for dealing 
with the disease.”

In his lecture, “Evolving HIV/AIDS 
Policies in Africa,” Mogae spoke to a 
packed auditorium at the Harvard School 
of Public Health. He reviewed past 
achievements, but spent much of his time 
looking to the future. “Prevention is now 
Priority Number One,” he emphasized. 
Though retired as president, Mogae has 
remained Chair of NACA, the National 
AIDS Coordinating Agency in Botswana. 
With the success of treatment programs, 
Mogae urged that both research and 
resources should now focus on preventing 
new HIV/AIDS infections in Africa. 

presideNt Mogae Visits harVard: priority NuMber oNeViroLogy aNd the Laws oF war

president Mogae takes a question from the audience.

“Festus Mogae prioritized combating the stigma associated with 
HIV and AIDS and put in place one of Africa’s most progressive 
and comprehensive programs for dealing with the disease.”

- Kofi Annan 
Former United Nations Secretary-General

“Viruses seemed pretty cool. 
They’re responsible for world-
wide epidemics, yet they’re 
not alive.”

“It’s not about success or failure; it’s about learning and fine-
tuning what you’re doing. It’s about developing into a scientist.”
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of women reporting to antenatal clinics 

are HIV positive. His research focuses on 

HIV pathogenesis, host genetics, viral 

factors, and immune responses. 

spotLight: What did you learn 

from Max essex, chair of the Harvard 

aidS initiative, who was one of your 

mentors?

NduNg’u: i learned so much from 

Max: patience, seeing the big picture, 

humility, and the appreciation of other 

points of view. to me Max exemplifies 

trying to create something bigger than 

yourself. He values what other people 

bring to the table.

from Max i also learned that you need 

to be adaptable so that you can change 

and not be upset or intimidated when 

a new idea or new knowledge comes 

along. You have to be flexible in the way 

that you approach issues and be ready 

to utilize and integrate new knowledge 

into your work. You have to learn to 

constructively challenge others, but be 

open-minded to criticism. 

spotLight: What advice do you give 

to students who are contemplating a 

career in aidS research?

NduNg’u: You’ve got to have a passion 

for it. You know, one of the things that 

i always tell my students is that there’s 

not much money in Hiv research. We’re 

here because we believe that we have 

the capability to solve this important 

problem. if you don’t have a passion, 

you may as well not do it, because 

research isn’t easy. 

spotLight: When you’re interviewing 

a student or post doc to work in your 

lab, other than intelligence and a strong 

work ethic, what are you looking for?

NduNg’u: i’m looking for a person who 

will be a bit different. i’m looking for a 

student who will fit into the group, but 

who will also explore outside the group. 

at the end of the day, you can only 

learn so much from your supervisor. You 

learn a lot from other people and from 

challenging the norm. i have a number 

of students in my lab who are very 

sharp. they are always asking questions, 

challenging me and each other. i like 

that attitude as a catalyst for generating 

new knowledge.

spotLight: You now have over a 

dozen graduate students working in 

your lab. How did your experience as a 

student in the essex lab influence how 

you supervise and mentor your own 

students?

NduNg’u: one of the things that i 

stress in the lab is that people should be 

generous with their ideas. You learn a 

lot when you’re working in a laboratory 

that’s functioning well. Your supervisor 

might provide the right environment, 

but it’s really your colleagues that you’re 

interacting with on a daily basis. You 

need to listen to and communicate with 

them. So i try to encourage a supportive 

environment, where it’s a team rather 

than a competition that’s going on 

within the group.

spotLight: by nature, research involves 

a lot of dead ends. Sometimes a graduate 

student will work for months or years on 

a project that yields no useful results, 

only to have to abandon the work and 

start over again from scratch. How do 

you counsel a student who has just hit 

a dead end?

NduNg’u: first of all, right from the 

beginning, i tell my students that in 

graduate school, you’re here to learn. 

every experience you have in the lab 

is a learning experience.  So when an 

experiment doesn’t work, it’s not that 

you’ve failed.  You need to have the 

mentality that it’s not about success 

or failure; it’s about learning and fine-

tuning what you’re doing. it’s about 

developing into a scientist. 

spotLight: exceptional students from 

africa are recruited to study in the u.S. 

in the hope that they will return to 

africa at the end of their training to help 

develop both research and educational 

capacities. You’ve done this. How can 

universities like Harvard increase their 

success rate?

NduNg’u: i think that they need to 

have programs in the developing world. 

a lot of faculty who study issues in 

developing countries or africa have not 

spent considerable time there. they have 

very little connection on an ongoing 

basis so they work on problems from a 

very academic point of view.  
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i think that one of the reasons why 

people don’t go back is because it’s not 

easy to go and start a program on your 

own when you’re fresh from graduate 

school or a post doc. the reason i went 

back myself was because there was 

an opportunity where Harvard had 

a program in a developing country.  

Max asked me to take a position at 

the botswana–Harvard Partnership. 

because i knew that i could get support 

and that there was infrastructure that 

Harvard had already developed there, it 

was easy for me to go.

So it’s about establishing programs 

and creating opportunities. Harvard 

could help, for example, by 

offering outstanding scholars joint 

appointments—creating positions that 

are resident in the developing country, 

but also with a substantive appointment 

at Harvard so that you can feel some 

kind of attachment and support from 

here.

We should also encourage students to 

go back and forth, to go and see the 

real world, as it were. it should be an 

on-going exchange. a lot of students 

from Harvard come and work in my 

lab in the summer or at other times of 

the year. i have students from South 

africa who come and work here. i think 

that sort of constant exchange is very 

important. 

as i said, it’s the ability to appreciate 

what other people bring to the 

table because they bring a different 

perspective from their experiences. in 

the end, i think it’s not only good for the 

developing country and the students, i 

think it’s also good for Harvard and the 

global community, especially in trying 

to address public health issues. 

What do chemical warfare and 
AIDS research have in common? Both 
are subjects that Dr. Iain MacLeod, a 
Research Fellow in the Essex Lab, has 
studied extensively.

Iain was born in Glasgow, Scotland 
in 1982. He received his undergraduate 
degree in virology. “Viruses seemed 
pretty cool,” Iain explained. “They’re 
responsible for world-wide epidemics, 
yet they’re not alive. Basically they’re just 
bits of DNA or RNA packaged around 
protein. Why should something that’s 
essentially non-complex cause such a 
wide range of diseases?”

Before beginning work on his PhD, 
Iain earned an LLM, focusing on 
international criminal law. For his thesis, 
he combined his knowledge of biology 
and the laws of war. He wrote about how 
international law has evolved to keep pace 
with the improvements in biological and 
chemical weapons science. Then it was 
back to virology.

Iain worked in a lab in Nairobi, Kenya, 
looking at how HIV is transmitted 
from mothers to infants through breast 
milk. He went on to receive his PhD 
in pathology from the University of 
Cambridge in 2007. While working 
towards his PhD, he did part-time legal 
research, working on a draft convention 
to criminalize biological and chemical 
weapons at the individual level. At the 
moment, international law only covers 
activities of a country, not, for example, 
an individual such as a president or 
general who would give the order to use 
a chemical weapon.

After Cambridge, Iain was interested 
in HIV research with an international 
perspective. Coming to work with Prof.
Max Essex, Chair of the Harvard AIDS 
Initiative, seemed liked an excellent fit. 
Iain arrived in Boston last fall. He and 
Dr. Chris Rowley have been looking at 
HIV-infected infants who have developed 
drug resistance. Iain is also trying to 
identify why HIV-1C, the subtype of 
HIV most prevalent in southern Africa, 

is able to infect hematopoetic stem cells, 
which can lead to anemia.

While in Boston, Iain has kept his legal 
research skills sharp by helping to write a 
paper on white phosphorus and the laws 
of war. White phosphorus is often used 
to create a smoke screen, but it can also 
cause extensive burning. Iain coauthored 
a recently published paper that examines 
at what point white phosphorus ceases 
to be a legitimate chemical allowed on 
the battlefield and becomes a chemical 
weapon.

Keeping true to his desire to work 
internationally, Iain will leave for 
Botswana this fall to conduct HIV/
AIDS research at the Botswana–Harvard 
Partnership (BHP).

On April 13th the Harvard AIDS 
Initiative was honored to host Festus 
Mogae, the former President of Botswana, 
who served from 1998 to 2008. Max 
Essex, Chair of HAI, introduced President 
Mogae and outlined his achievements. 
President Mogae has been a world leader 
in HIV/AIDS.  Nearly a decade ago, when 
over one-third of the adults in Botswana 
were HIV positive, he acknowledged the 
enormous threat of AIDS to southern 
Africa and took decisive action. He began 
a program to make antiretroviral (ARV) 
drugs free in Botswana. With his urging, the 

Botswana Ministry of Health collaborated 
with the Harvard AIDS Initiative to 
form the Botswana–Harvard Partnership 
(BHP). Through close collaboration with 
BHP clinicians, the first public ARV clinic 
opened in 2001. At the same time, the 
government began a campaign to prevent 
mother-to-child transmission.

While other African leaders denied that 
AIDS was a problem, Mogae publicly took 
an HIV/AIDS test and encouraged his 

fellow citizens to do the same. Under his 
leadership, Botswana initiated an opt-out 
program for HIV testing. Because of this 
program, a larger percentage of Botswana’s 
citizens know their HIV status than in any 

other developing country. Today Botswana 
is a model for HIV/AIDS treatment in 
Africa. Over 90% of HIV-infected patients 
needing ARVs receive them free of cost 
from the national program. The number 
of infants infected with HIV by their HIV-
positive mothers has dropped from 40% 
to 4%.

In 2008 President Mogae received the 
Mo Ibrahim Prize for Achievement in 
African Leadership, the largest annually 

awarded prize in the world. When 
presenting the award, Kofi Annan, former 
United Nations Secretary-General said, 
“Festus Mogae prioritized combating the 
stigma associated with HIV and AIDS and 
put in place one of Africa’s most progressive 
and comprehensive programs for dealing 
with the disease.”

In his lecture, “Evolving HIV/AIDS 
Policies in Africa,” Mogae spoke to a 
packed auditorium at the Harvard School 
of Public Health. He reviewed past 
achievements, but spent much of his time 
looking to the future. “Prevention is now 
Priority Number One,” he emphasized. 
Though retired as president, Mogae has 
remained Chair of NACA, the National 
AIDS Coordinating Agency in Botswana. 
With the success of treatment programs, 
Mogae urged that both research and 
resources should now focus on preventing 
new HIV/AIDS infections in Africa. 

presideNt Mogae Visits harVard: priority NuMber oNeViroLogy aNd the Laws oF war

president Mogae takes a question from the audience.

“Festus Mogae prioritized combating the stigma associated with 
HIV and AIDS and put in place one of Africa’s most progressive 
and comprehensive programs for dealing with the disease.”

- Kofi Annan 
Former United Nations Secretary-General

“Viruses seemed pretty cool. 
They’re responsible for world-
wide epidemics, yet they’re 
not alive.”

“It’s not about success or failure; it’s about learning and fine-
tuning what you’re doing. It’s about developing into a scientist.”
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New FiNdiNgs oN drug resistaNce
The “Big Three” diseases of Africa are 

HIV/AIDS, malaria, and TB. To date, we 
haven’t developed a successful vaccine for 
any of them, which means that drugs are 
of enormous importance in controlling the 
epidemics. For malaria and TB, the spread 
of drug-resistant strains has wreaked public 
health havoc, restricting our ability to 
control and eliminate the diseases.

As more and more HIV-positive people 
are treated with antiretroviral (ARV) drugs 
in Africa, the question of drug resistance 
has become increasingly important. In the 
U.S., if a patient becomes resistant to first-
line ARV therapy, he or she will be switched 
to a second- or third-line drug regimen. In 

southern Africa and other resource-scarce 
settings these options are often unavailable. 
Costly tests are needed to determine which 
drug a patient has developed resistance to, 
plus second- and third-line drug regimens 
are often prohibitively expensive.

While drug resistance in HIV-1B, 
the subtype that most affects the U.S. 
and Western Europe, has been studied 
extensively, very little research has been 
done on HIV-1C, the subtype that affects 
southern Africa, the heart of the epidemic. 
Kim Armstrong, a graduate student in the 
Essex Lab at the Harvard AIDS Initiative, is 
working to correct this. In a paper published 
this May in The Journal of Virology, Kim 
looks at how resistance develops to AZT 
in HIV-1C. AZT, also called zidovudine, 
is used in first-line ARV therapy across the 
developing world.  

HIV mutates quickly. A given mutation 
occurs randomly, but whether a mutated 
virus survives in a human host depends on 
how well that virus competes against every 
other nearby virus. Most mutations end up 
as dead viruses or have no effect at all, but 
when a person is taking AZT, mutations that 
enable the virus to survive in the presence 
of AZT will out-compete everything else. 
In other words, AZT is taken to keep the 
virus from replicating, but drug resistance 
mutations allow HIV to replicate in the 
presence of AZT.

In her research Kim found that some 
drug resistance mutations behave differently 

Kim armstrong

testing for drug resistance increases 
treatment costs. 

Though he is now an Associate 

Professor in HIV/AIDS Research 

at the Nelson Mandela School of 

Medicine, as well as the Scientific 

Director of the HIV Pathogenesis 

Programme at the Doris Duke 

Medical Research Institute at 

the University of KwaZulu Natal 

in South Africa, not so long ago 

Thumbi Ndung’u was a graduate 

student working with Max Essex at 

the Harvard AIDS Initiative.

He earned his PhD from Harvard in 

2001, receiving the Haber Award 

in recognition of his “outstanding, 

original and creative thesis work that 

makes a fundamental contribution 

to our understanding of a biological 

problem important to public health.” 

After graduation he returned 

to Africa to work as a Research 

Scientist and Laboratory Director at 

the Botswana–Harvard Partnership. 

He currently works in KwaZulu 

Natal, where  approximately 40% 
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THE LAB ISSUE  This issue of Spotlight focuses on the students and post docs in the lab 

of Prof. Max Essex. There’s a story about new research findings by Kim Armstrong, plus a 

look at how Kim spends her days in the lab. In the Q & A,  Dr. Thumbi Ndung’u reflects on 

how his time in the Essex Lab influences his current work. There’s also a profile of Dr. Iain 

MacLeod, a Research Fellow with interests in both HIV/AIDS and biological weapons. 
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a day iN the LiFe oF a graduate studeNt
in HIV-1 subtype B than they do in C. 
Some mutations are more viable in C 
than in B. The increased capacities of 
certain mutations may indicate that there 
will be greater transmitted resistance and 
persistence in a subtype C setting than 
what is known for subtype B. For example, 
someone in Botswana who has developed 
resistance to AZT could infect someone 
else with that drug-resistant form of HIV. 
If this newly infected person were put on 
a drug regimen containing AZT, the AZT 
would be ineffective.

Mutations also have the potential to 
persist at a population level. Kim found that 
some drug resistance mutations in HIV-1C 
may not compromise the virus’s ability to 
spread, making it as viable as wild type 
HIV that has not been altered by selection 
pressures from ARVs. Kim’s results are 
based on competitive growth by the virus 
in laboratory cultures (in vitro), not on 
epidemic-type transmissions in Africa (in 
vivo), but they are cause for alarm, warning 
us about the pressing need to study drug 
resistance in southern Africa. 

The development of expertise requires 
sustained periods of practice. 10,000 
hours is often cited as the amount of time 
necessary to achieve expert status. By that 
standard, Kim Armstrong, a graduate 
student in the lab of Max Essex at the 
Harvard AIDS Initiative, recently became 
an expert in HIV research. By her estimate, 
she has spent approximately 10,500 hours 
at her lab bench studying how drug 
resistance mutations affect the viral fitness 
of HIV.

Her dedication is fueled by both the 
desire to help end the AIDS epidemic and  
a life-long interest in biology. “Science was 
what I always wanted to do,” she says. Born 
in Covina, California, Kim moved often as 
a child, living with her family in Spokane, 
Seattle, Phoenix, and Salt Lake City.

After earning her undergraduate degree 
at the University of Utah, Kim arrived 
at the Harvard School of Public Health 
to pursue her interest in virus research. 
“Viruses are always one step ahead of us. 
There are antibiotics that work on almost 
all bacteria, but there are relatively few 
treatments for viruses. They’re such a small 
thing, yet they evade all of our brainpower 
and ingenuity.”

A typical day for Kim involves rising 
at 4:00 a.m. to go for a run, then arriving 
at the Essex Lab at 8:00 a.m. to put 
in a  full day at her bench. To the non-
scientist, what she does for the next eight 

to ten hours looks a lot like bartending. 
There are variously sized glass containers, 
much pouring of liquids and measuring of 
ingredients, some shaking and stirring and 
heating and freezing, all in the hopes that 
she’ll produce a useful concoction. Unlike 
a bartender, Kim doesn’t know the final 
results of her work ahead of time. When 
her research has been successful (see first 
article), she has learned something new 
about HIV that may ultimately help to 
produce more effective drugs or contribute 
to the design of an AIDS vaccine.

At the end of a long day, Kim drops 
off her DNA samples for sequencing 
before heading home. The sequences will 
be emailed to her in 48 hours, letting 
her know the results of the day’s work. 
She shares dinner with her husband and 

12-year-old daughter, Samantha, who is 
also interested in science. They watch the 
Bruins game before heading to bed.

Adding to the body of knowledge 
in an incremental way is what most 
scientific research is all about. There are 
breakthrough moments, but they are far 
outnumbered by false starts, dead ends, 
and numerous technical challenges. A 
commitment such as Kim’s to carry out 
the daily work, along with the resources 
to make that work possible, is what will 
end the AIDS epidemic. Kim expects to 
graduate this year and to continue her 
research on HIV.

(For a more detailed chronology of Kim’s day 
in the lab and the particular experiments she 
ran, visit www.aids.harvard.edu.)

New Findings on drug resistance (continued from front)

Kim at work in the lab

Kim sets up sequencing reactions by pipetting dNa into one plate and primers into another. 

By her estimate, she has spent approximately 10,500 hours at her 
lab bench studying how drug resistance mutations affect the viral 
fitness of HIV.
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of women reporting to antenatal clinics 

are HIV positive. His research focuses on 

HIV pathogenesis, host genetics, viral 

factors, and immune responses. 

spotLight: What did you learn 

from Max essex, chair of the Harvard 

aidS initiative, who was one of your 

mentors?

NduNg’u: i learned so much from 

Max: patience, seeing the big picture, 

humility, and the appreciation of other 

points of view. to me Max exemplifies 

trying to create something bigger than 

yourself. He values what other people 

bring to the table.

from Max i also learned that you need 

to be adaptable so that you can change 

and not be upset or intimidated when 

a new idea or new knowledge comes 

along. You have to be flexible in the way 

that you approach issues and be ready 

to utilize and integrate new knowledge 

into your work. You have to learn to 

constructively challenge others, but be 

open-minded to criticism. 

spotLight: What advice do you give 

to students who are contemplating a 

career in aidS research?

NduNg’u: You’ve got to have a passion 

for it. You know, one of the things that 

i always tell my students is that there’s 

not much money in Hiv research. We’re 

here because we believe that we have 

the capability to solve this important 

problem. if you don’t have a passion, 

you may as well not do it, because 

research isn’t easy. 

spotLight: When you’re interviewing 

a student or post doc to work in your 

lab, other than intelligence and a strong 

work ethic, what are you looking for?

NduNg’u: i’m looking for a person who 

will be a bit different. i’m looking for a 

student who will fit into the group, but 

who will also explore outside the group. 

at the end of the day, you can only 

learn so much from your supervisor. You 

learn a lot from other people and from 

challenging the norm. i have a number 

of students in my lab who are very 

sharp. they are always asking questions, 

challenging me and each other. i like 

that attitude as a catalyst for generating 

new knowledge.

spotLight: You now have over a 

dozen graduate students working in 

your lab. How did your experience as a 

student in the essex lab influence how 

you supervise and mentor your own 

students?

NduNg’u: one of the things that i 

stress in the lab is that people should be 

generous with their ideas. You learn a 

lot when you’re working in a laboratory 

that’s functioning well. Your supervisor 

might provide the right environment, 

but it’s really your colleagues that you’re 

interacting with on a daily basis. You 

need to listen to and communicate with 

them. So i try to encourage a supportive 

environment, where it’s a team rather 

than a competition that’s going on 

within the group.

spotLight: by nature, research involves 

a lot of dead ends. Sometimes a graduate 

student will work for months or years on 

a project that yields no useful results, 

only to have to abandon the work and 

start over again from scratch. How do 

you counsel a student who has just hit 

a dead end?

NduNg’u: first of all, right from the 

beginning, i tell my students that in 

graduate school, you’re here to learn. 

every experience you have in the lab 

is a learning experience.  So when an 

experiment doesn’t work, it’s not that 

you’ve failed.  You need to have the 

mentality that it’s not about success 

or failure; it’s about learning and fine-

tuning what you’re doing. it’s about 

developing into a scientist. 

spotLight: exceptional students from 

africa are recruited to study in the u.S. 

in the hope that they will return to 

africa at the end of their training to help 

develop both research and educational 

capacities. You’ve done this. How can 

universities like Harvard increase their 

success rate?

NduNg’u: i think that they need to 

have programs in the developing world. 

a lot of faculty who study issues in 

developing countries or africa have not 

spent considerable time there. they have 

very little connection on an ongoing 

basis so they work on problems from a 

very academic point of view.  
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i think that one of the reasons why 

people don’t go back is because it’s not 

easy to go and start a program on your 

own when you’re fresh from graduate 

school or a post doc. the reason i went 

back myself was because there was 

an opportunity where Harvard had 

a program in a developing country.  

Max asked me to take a position at 

the botswana–Harvard Partnership. 

because i knew that i could get support 

and that there was infrastructure that 

Harvard had already developed there, it 

was easy for me to go.

So it’s about establishing programs 

and creating opportunities. Harvard 

could help, for example, by 

offering outstanding scholars joint 

appointments—creating positions that 

are resident in the developing country, 

but also with a substantive appointment 

at Harvard so that you can feel some 

kind of attachment and support from 

here.

We should also encourage students to 

go back and forth, to go and see the 

real world, as it were. it should be an 

on-going exchange. a lot of students 

from Harvard come and work in my 

lab in the summer or at other times of 

the year. i have students from South 

africa who come and work here. i think 

that sort of constant exchange is very 

important. 

as i said, it’s the ability to appreciate 

what other people bring to the 

table because they bring a different 

perspective from their experiences. in 

the end, i think it’s not only good for the 

developing country and the students, i 

think it’s also good for Harvard and the 

global community, especially in trying 

to address public health issues. 

What do chemical warfare and 
AIDS research have in common? Both 
are subjects that Dr. Iain MacLeod, a 
Research Fellow in the Essex Lab, has 
studied extensively.

Iain was born in Glasgow, Scotland 
in 1982. He received his undergraduate 
degree in virology. “Viruses seemed 
pretty cool,” Iain explained. “They’re 
responsible for world-wide epidemics, 
yet they’re not alive. Basically they’re just 
bits of DNA or RNA packaged around 
protein. Why should something that’s 
essentially non-complex cause such a 
wide range of diseases?”

Before beginning work on his PhD, 
Iain earned an LLM, focusing on 
international criminal law. For his thesis, 
he combined his knowledge of biology 
and the laws of war. He wrote about how 
international law has evolved to keep pace 
with the improvements in biological and 
chemical weapons science. Then it was 
back to virology.

Iain worked in a lab in Nairobi, Kenya, 
looking at how HIV is transmitted 
from mothers to infants through breast 
milk. He went on to receive his PhD 
in pathology from the University of 
Cambridge in 2007. While working 
towards his PhD, he did part-time legal 
research, working on a draft convention 
to criminalize biological and chemical 
weapons at the individual level. At the 
moment, international law only covers 
activities of a country, not, for example, 
an individual such as a president or 
general who would give the order to use 
a chemical weapon.

After Cambridge, Iain was interested 
in HIV research with an international 
perspective. Coming to work with Prof.
Max Essex, Chair of the Harvard AIDS 
Initiative, seemed liked an excellent fit. 
Iain arrived in Boston last fall. He and 
Dr. Chris Rowley have been looking at 
HIV-infected infants who have developed 
drug resistance. Iain is also trying to 
identify why HIV-1C, the subtype of 
HIV most prevalent in southern Africa, 

is able to infect hematopoetic stem cells, 
which can lead to anemia.

While in Boston, Iain has kept his legal 
research skills sharp by helping to write a 
paper on white phosphorus and the laws 
of war. White phosphorus is often used 
to create a smoke screen, but it can also 
cause extensive burning. Iain coauthored 
a recently published paper that examines 
at what point white phosphorus ceases 
to be a legitimate chemical allowed on 
the battlefield and becomes a chemical 
weapon.

Keeping true to his desire to work 
internationally, Iain will leave for 
Botswana this fall to conduct HIV/
AIDS research at the Botswana–Harvard 
Partnership (BHP).

On April 13th the Harvard AIDS 
Initiative was honored to host Festus 
Mogae, the former President of Botswana, 
who served from 1998 to 2008. Max 
Essex, Chair of HAI, introduced President 
Mogae and outlined his achievements. 
President Mogae has been a world leader 
in HIV/AIDS.  Nearly a decade ago, when 
over one-third of the adults in Botswana 
were HIV positive, he acknowledged the 
enormous threat of AIDS to southern 
Africa and took decisive action. He began 
a program to make antiretroviral (ARV) 
drugs free in Botswana. With his urging, the 

Botswana Ministry of Health collaborated 
with the Harvard AIDS Initiative to 
form the Botswana–Harvard Partnership 
(BHP). Through close collaboration with 
BHP clinicians, the first public ARV clinic 
opened in 2001. At the same time, the 
government began a campaign to prevent 
mother-to-child transmission.

While other African leaders denied that 
AIDS was a problem, Mogae publicly took 
an HIV/AIDS test and encouraged his 

fellow citizens to do the same. Under his 
leadership, Botswana initiated an opt-out 
program for HIV testing. Because of this 
program, a larger percentage of Botswana’s 
citizens know their HIV status than in any 

other developing country. Today Botswana 
is a model for HIV/AIDS treatment in 
Africa. Over 90% of HIV-infected patients 
needing ARVs receive them free of cost 
from the national program. The number 
of infants infected with HIV by their HIV-
positive mothers has dropped from 40% 
to 4%.

In 2008 President Mogae received the 
Mo Ibrahim Prize for Achievement in 
African Leadership, the largest annually 

awarded prize in the world. When 
presenting the award, Kofi Annan, former 
United Nations Secretary-General said, 
“Festus Mogae prioritized combating the 
stigma associated with HIV and AIDS and 
put in place one of Africa’s most progressive 
and comprehensive programs for dealing 
with the disease.”

In his lecture, “Evolving HIV/AIDS 
Policies in Africa,” Mogae spoke to a 
packed auditorium at the Harvard School 
of Public Health. He reviewed past 
achievements, but spent much of his time 
looking to the future. “Prevention is now 
Priority Number One,” he emphasized. 
Though retired as president, Mogae has 
remained Chair of NACA, the National 
AIDS Coordinating Agency in Botswana. 
With the success of treatment programs, 
Mogae urged that both research and 
resources should now focus on preventing 
new HIV/AIDS infections in Africa. 
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president Mogae takes a question from the audience.

“Festus Mogae prioritized combating the stigma associated with 
HIV and AIDS and put in place one of Africa’s most progressive 
and comprehensive programs for dealing with the disease.”

- Kofi Annan 
Former United Nations Secretary-General

“Viruses seemed pretty cool. 
They’re responsible for world-
wide epidemics, yet they’re 
not alive.”

“It’s not about success or failure; it’s about learning and fine-
tuning what you’re doing. It’s about developing into a scientist.”
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New FiNdiNgs oN drug resistaNce
The “Big Three” diseases of Africa are 

HIV/AIDS, malaria, and TB. To date, we 
haven’t developed a successful vaccine for 
any of them, which means that drugs are 
of enormous importance in controlling the 
epidemics. For malaria and TB, the spread 
of drug-resistant strains has wreaked public 
health havoc, restricting our ability to 
control and eliminate the diseases.

As more and more HIV-positive people 
are treated with antiretroviral (ARV) drugs 
in Africa, the question of drug resistance 
has become increasingly important. In the 
U.S., if a patient becomes resistant to first-
line ARV therapy, he or she will be switched 
to a second- or third-line drug regimen. In 

southern Africa and other resource-scarce 
settings these options are often unavailable. 
Costly tests are needed to determine which 
drug a patient has developed resistance to, 
plus second- and third-line drug regimens 
are often prohibitively expensive.

While drug resistance in HIV-1B, 
the subtype that most affects the U.S. 
and Western Europe, has been studied 
extensively, very little research has been 
done on HIV-1C, the subtype that affects 
southern Africa, the heart of the epidemic. 
Kim Armstrong, a graduate student in the 
Essex Lab at the Harvard AIDS Initiative, is 
working to correct this. In a paper published 
this May in The Journal of Virology, Kim 
looks at how resistance develops to AZT 
in HIV-1C. AZT, also called zidovudine, 
is used in first-line ARV therapy across the 
developing world.  

HIV mutates quickly. A given mutation 
occurs randomly, but whether a mutated 
virus survives in a human host depends on 
how well that virus competes against every 
other nearby virus. Most mutations end up 
as dead viruses or have no effect at all, but 
when a person is taking AZT, mutations that 
enable the virus to survive in the presence 
of AZT will out-compete everything else. 
In other words, AZT is taken to keep the 
virus from replicating, but drug resistance 
mutations allow HIV to replicate in the 
presence of AZT.

In her research Kim found that some 
drug resistance mutations behave differently 

Kim armstrong

testing for drug resistance increases 
treatment costs. 

Though he is now an Associate 

Professor in HIV/AIDS Research 

at the Nelson Mandela School of 

Medicine, as well as the Scientific 

Director of the HIV Pathogenesis 

Programme at the Doris Duke 

Medical Research Institute at 

the University of KwaZulu Natal 

in South Africa, not so long ago 

Thumbi Ndung’u was a graduate 

student working with Max Essex at 

the Harvard AIDS Initiative.

He earned his PhD from Harvard in 

2001, receiving the Haber Award 

in recognition of his “outstanding, 

original and creative thesis work that 

makes a fundamental contribution 

to our understanding of a biological 

problem important to public health.” 

After graduation he returned 

to Africa to work as a Research 

Scientist and Laboratory Director at 

the Botswana–Harvard Partnership. 

He currently works in KwaZulu 

Natal, where  approximately 40% 
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a day iN the LiFe oF a graduate studeNt
in HIV-1 subtype B than they do in C. 
Some mutations are more viable in C 
than in B. The increased capacities of 
certain mutations may indicate that there 
will be greater transmitted resistance and 
persistence in a subtype C setting than 
what is known for subtype B. For example, 
someone in Botswana who has developed 
resistance to AZT could infect someone 
else with that drug-resistant form of HIV. 
If this newly infected person were put on 
a drug regimen containing AZT, the AZT 
would be ineffective.

Mutations also have the potential to 
persist at a population level. Kim found that 
some drug resistance mutations in HIV-1C 
may not compromise the virus’s ability to 
spread, making it as viable as wild type 
HIV that has not been altered by selection 
pressures from ARVs. Kim’s results are 
based on competitive growth by the virus 
in laboratory cultures (in vitro), not on 
epidemic-type transmissions in Africa (in 
vivo), but they are cause for alarm, warning 
us about the pressing need to study drug 
resistance in southern Africa. 

The development of expertise requires 
sustained periods of practice. 10,000 
hours is often cited as the amount of time 
necessary to achieve expert status. By that 
standard, Kim Armstrong, a graduate 
student in the lab of Max Essex at the 
Harvard AIDS Initiative, recently became 
an expert in HIV research. By her estimate, 
she has spent approximately 10,500 hours 
at her lab bench studying how drug 
resistance mutations affect the viral fitness 
of HIV.

Her dedication is fueled by both the 
desire to help end the AIDS epidemic and  
a life-long interest in biology. “Science was 
what I always wanted to do,” she says. Born 
in Covina, California, Kim moved often as 
a child, living with her family in Spokane, 
Seattle, Phoenix, and Salt Lake City.

After earning her undergraduate degree 
at the University of Utah, Kim arrived 
at the Harvard School of Public Health 
to pursue her interest in virus research. 
“Viruses are always one step ahead of us. 
There are antibiotics that work on almost 
all bacteria, but there are relatively few 
treatments for viruses. They’re such a small 
thing, yet they evade all of our brainpower 
and ingenuity.”

A typical day for Kim involves rising 
at 4:00 a.m. to go for a run, then arriving 
at the Essex Lab at 8:00 a.m. to put 
in a  full day at her bench. To the non-
scientist, what she does for the next eight 

to ten hours looks a lot like bartending. 
There are variously sized glass containers, 
much pouring of liquids and measuring of 
ingredients, some shaking and stirring and 
heating and freezing, all in the hopes that 
she’ll produce a useful concoction. Unlike 
a bartender, Kim doesn’t know the final 
results of her work ahead of time. When 
her research has been successful (see first 
article), she has learned something new 
about HIV that may ultimately help to 
produce more effective drugs or contribute 
to the design of an AIDS vaccine.

At the end of a long day, Kim drops 
off her DNA samples for sequencing 
before heading home. The sequences will 
be emailed to her in 48 hours, letting 
her know the results of the day’s work. 
She shares dinner with her husband and 

12-year-old daughter, Samantha, who is 
also interested in science. They watch the 
Bruins game before heading to bed.

Adding to the body of knowledge 
in an incremental way is what most 
scientific research is all about. There are 
breakthrough moments, but they are far 
outnumbered by false starts, dead ends, 
and numerous technical challenges. A 
commitment such as Kim’s to carry out 
the daily work, along with the resources 
to make that work possible, is what will 
end the AIDS epidemic. Kim expects to 
graduate this year and to continue her 
research on HIV.

(For a more detailed chronology of Kim’s day 
in the lab and the particular experiments she 
ran, visit www.aids.harvard.edu.)
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Kim at work in the lab

Kim sets up sequencing reactions by pipetting dNa into one plate and primers into another. 

By her estimate, she has spent approximately 10,500 hours at her 
lab bench studying how drug resistance mutations affect the viral 
fitness of HIV.
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