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ABSTRACT

Introduction: If we speak of the three great killers in the first world (those
countries with stable governments and relative affluence in comparison to
the developing world), cancer, heart disease, and respiratory diseases
(particularly if we include lung cancer) come to mind. In the developing
world (third world), the three great killers are infectious diseases. The
differentiation between first and third world have been obscured in many
nations, where there is a mixture of mixture of problems, both the diseases
of the affluent societies and those that have less developed medical
systems. This review will focus on the three great killers afflicting sub-
Saharan Africa: HIV, TB, and malaria.

Methodology: This manuscript is primarily a literature review of HIV, TB,
and malaria using publicly available sources such as Google Search,
PubMed and NIH reviews. When using personal experience, it is limited to
East Africa, particularly Sudan and South Sudan, where the authors have

their primary experience with these diseases.
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Results and Discussion: HIV (Human

immunodeficiency virus)

Far too much has been written about HIV to attempt
anything close to a comprehensive review of this killer
who emerged in the 1980’s. Most people know that 75%
of the cases and 90% of the deaths from HIV come from
Africa. Many people fail to give sufficient credit to
Condoleeza Rice and President George W Bush for their
work in the early 21 century to provide testing and
medications for HIV in Africa through PEPFAR (President’s
Emergency Plan for AIDS Relief), but estimates of the
effectiveness of the program suggest that over
25,000,000 lives have been saved through the
program.! The call for transfer to more local ownership
and direction has to be balanced with a realistic
appraisal of the likelihood of abuse of funds. The Health
Pooled Funds (HPF) attempted to address the dire state
of medicine in South Sudan, but much of its limited success
could be attributed to by-passing the Government of
South Sudan (GoSS) and ministry of health (MoH) and
directing funds through carefully vetted NGO’s (non-
government organizations). A similar attempt through
UNICEF has been disastrous because the funds were
given to GoSS and MoH.

In South Sudan, we still run into significant problems with
supplying testing kits and medications, but the major issue
in South Sudan is overcoming the stigma and denial
concerning the disease. ICAP (International Center for
AIDS Care and Treatment Programs) is the NGO
designated to administer PEPFAR at Mary Immaculate
Hospital (MIH) in Mapuordit, South Sudan. | have tried to
engage ICAP representatives regarding their outreach
methods. Their procedure is to counsel a patient once and
then give him six months of medications and a return
appointment half a year later. Their rationale is that the
patients do not want to face the stigma of going into the
VCT (voluntary counseling and testing) to get their drugs,
so they attempt to reduce the stigma by making them
come only twice a year. Though | acknowledge some
validity to their concerns, | think their approach is destined
for failure in a large percentage of the patients for
numerous reasons. First, we are giving medications for a
condition that can be controlled, not cured. As our
experience with treating hypertension and other chronic
diseases shows, patients are prone to noncompliance
when they must continually take medications that do not
cure or make them feel any different. With our
hypertension patients, we need constant reinforcement to
obtain compliance, and the situation with HIV is far more
prone to noncompliance. Second, the patients are
returning to an environment that is in denial of the disease
and has great sway over the patient. These are his family
and friends who have played such a vital role in his life,
and they are pushing him not to comply with treatments
that seem foreign to them. Third, we know that any
message we deliver is retained only in part. My
understanding of physiology came after repeated efforts
to master the material. Patients told in one session that
they have a lifelong disease that can be controlled but
not cured will retain little. | think that multiple visits shortly
after making the diagnosis and repeated counseling to
ensure basic understanding is essential to make any

significant progress in long term compliance. The need for
multiple counseling encounters should be balanced with
the desire for privacy, but | am convinced that one such
encounter is insufficient.

When | came to southern Sudan in 2009 (prior to their
independence), the incidence of HIV was low. The
probable reason was inaccessibility. The civil war with
Khartoum ended in 2005 with the signing of the
Comprehensive Peace Agreement (CPA). Until that time,
no trucks would venture into southern Sudan; the economic
risks were too great. With peace came the lories; with
the lories came the truck stops. With the truck stops came
the prostitutes and HIV. War and inaccessibility made
South Sudan different. During my years in the Nuba
Mountains (2016-20) the incidence of HIV remained low
because it was an active war zone and the threat of war
still looms in that region, though officially under cease-
fire.

In the 1990’s Uganda had the highest incidence of HIV in
the world, estimated to be between 18-30%. 2 When we
consider those populations of low incidence, such as the
elderly, that number suggests that close to 50% of
“reproductive age” adults had HIV. But when effective
medications became available through PEPFAR, the
stigma changed. Instead of despising all patients with
HIV, the shame was placed on those who refused to get
tested and those who had the disease and refused to
take their medication. That was particularly true for
pregnant women who have a 70% likelihood of
transmitting the disease to their child if they refuse to take
their medications, but less than 1% chance if they take
their anti-retroviral therapy (ART). With that kind of
attitude and having effective medications available,
Uganda became the only country in sub-Saharan Africa
with a declining HIV rate, now estimated to be around
6.5%.2

The greatest task for clinicians in South Sudan, and
probably much of sub-Saharan Africa, with respect to
HIV is changing the stigmata, as the people of Uganda
were able to do. Condoms have been promoted by first
world interventionists, but they carry their own stigma.
Most couples in South Sudan refuse to use them, even as
a contraceptive, because they associate condoms with
HIV; condom use signaled mistrust. Though the mistrust is
probably appropriate, the association makes condoms
unfeasible. PEPFAR must be secure and supply lines for
medicines and testing need to improve, but what is really
needed in South Sudan is to change the stigma. The best
way for us achieve the goal of stopping the spread of
the disease is to change the attitude toward testing and
taking the medications. That is particularly true for
pregnant women. We know from experience in
encouraging women to have their babies in the hospital
that little things carry weight. Perhaps we should start
giving out shirts saying, “I've been tested...and proven”
and another saying, “I'm intelligent...and compliant.”
South Sudanese love clothing from the west. If we can
change the shame factor and somehow change
compliance with medications into a virtue, we will greatly
slow the spread of the disease and extend the lives of
those who have HIV.
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Mycobacterium Tuberculosis (MTB)—the

consumptive killer

Anyone who has read Jane Austen or other writers from
the 18t and 19" century is familiar with consumption, the
old name for MTB. MTB dominated the respiratory
problems until the mid-20% century. The American
Thoracic  Society (ATS), the largest society of
pulmonologists /respirologists in the world, was formerly
called the American Tuberculosis Society. Only as MTB
has receded that we discovered COPD (chronic
obstructive pulmonary disease) and CF (cystic fibrosis). In
the US, MTB is virtually confined to immigrants and
patients with HIV, but in Africa, MTB remains a dangerous
and frequent killer.

The relationship between HIV and MTB is synergistic. In
South Sudan and in much of sub-Saharan Africa, primary
TB is ubiquitous. In virtually every CXR | have seen,
perihilar nodes are prominent. The BCG vaccine is given
widely, but the noted benefit of BCG is to prevent TB
meningitis, miliary TB or other overwhelming forms
disease in the first years of life.3 It does not reduce the
incidence of primary (latent) TB, or at least it has not been
demonstrated to reduce the risk for active TB. 3 In primary
TB, the tubercles enter the body, either through inhalation
or consumption of contaminated milk. Pasteurization is
non-existent, as is testing of cattle. The illness in primary
TB is short-lived and indistinguishable from a viral illness.
A few hundred of the organisms are deposited and
encased, virtually incarcerated. The body’s immune
system keeps them at bay. The cells most clearly involved
in that process are CD4 lymphocytes, which are the
targets of HIV. As immunity wanes, from HIV or other
causes, the dormant organisms revive and proliferate.
When their numbers are in the 10’s of billions, we have
reactivation disease, or what we call TB. People living
with HIV are 16 (uncertainty interval 14—18) times more
likely to fall ill with TB disease than people without HIV.
TB is the leading cause of death among people with HIV.
HIV and TB form a lethal combination, each speeding the
other's progress. In 2023, about 161,000 people died of
HIV-associated TB. The percentage of notified TB patients
who had a documented HIV test result in 2023 was 80%,
this was the same level as in 2022, but up from 76% in
2021. The WHO African Region has the highest burden
of HIV-associated TB. Overall, in 2023, only 56% of TB
patients known to be living with HIV were on
antiretroviral therapy (ART).4

Why has TB been virtually eliminated from the first world,
but remains rampant in Africa? 3 To a large degree, MTB
is a disease of poverty and overcrowding. Streptomycin,
discovered in the 1947, and Isoniazid (INH), discovered
in the 1950’s, impacted the world as greatly as penicillin,
but the incidence of MTB had been declining steadily
before the discovery of INH because of improved living
conditions. The currently accepted international definition
of poverty is per capita income of less than $2/day;
upwards of 80% of South Sudanese would qualify by
that definition, including many of the workers in our
hospitals. Poverty is widespread throughout sub-Saharan
Africa, and development is desperately needed, though
hampered by the widespread political upheaval, war,
and random destruction.

But the medical community must share the blame. Part of
the problem is the lack of sufficient drugs. In MIH, we
often have a diagnosis and prescribed medications, but
the patients who are willing to comply are often thwarted
by a lack of drugs either at our center or the TB center
closer to their home. Often the supply chain is the victim
of bureaucratic incompetence and results in partially
treated patients who then require a longer course of
therapy and raise the risk for resistance.

Clinicians are also to blame. We regularly receive
patients with prolonged cough and a MUAC (mid-upper
arm circumference) of < 24 cm (indicating malnutrition)
who are eventually referred to us after being treated
multiple times with various antibiotics, most commonly
Amoxicillin and Ceftriaxone. How a clinician in South
Sudan could fail to consider TB in that setting is beyond
me, but for many, there is little support in making the
diagnosis. The majority of TB administrators will only treat
if MTB is confirmed by sputum analysis, but we know that
AFB (acid-fast bacillus) is only found in sputum about 40%
of the pulmonary TB. Confirmation is rare in extra-
pulmonary TB, which accounts for 30-40% of all TB. Many
facilities in South Sudan do not have x-ray capability. The
ability to culture MTB is widely available in the first
world, where MTB is rare, but is not available at all in
South Sudan and in most of sub-Saharan Africa, where
the predominant burden of the disease lies.

In MIH, we have the ability to take CXR, a major boon
for diagnosing pulmonary TB. But much of our success has
been a willingness to look for and diagnose the disease.
If someone has never been treated for TB, but has a
prolonged cough, a low MUAC, an elevated ESR
(erythrocyte sedimentation rate), and multiple suspicious
findings on CXR, we treat for MTB even if the sputum is
negative. If the above patient has localized accentuated
breath sounds and crackles, we do not even wait for the
CXR, which can only be obtained on Tuesdays and
Thursdays. Have we made some overcalls? | am sure that
we have, but false negative patients (with the disease,
but not diagnosed) are a far greater risk to our country.

MTB can infect all areas of the body except for nails,
teeth, and hair, but extra-pulmonary TB (ETP) is much
more difficult to diagnose. Our experience was that a
quarter of our patients with MTB had ETB. ¢ One of the
areas that has surprised me its incidence is TB pericarditis.
Even though MTB is virtually eliminated from the first
world, MTB is still recognized as the leading cause of
pericarditis in sub-Saharan Africa. In a recent study in
consecutive patients with pulmonary TB, 47% of the
patients had signs of pericardial involvement at
enrollment, and that dropped to 16% after 6 months of
anti-TB therapy.” Again, a high index of suspicion is
needed to make the diagnosis, because there is little
chance of direct confirmation. The signs are non-specific.
Chest pain that increases as the patient lies down
suggests the disease, but chest pain is such a common
problem worldwide, and much of it is from relatively
benign diseases such as GERD (gastro-esophageal reflux
disease). Congestive cardiac failure (CCF) is also common
in South Sudan, but coronary heart disease is not. In my
experience in South Sudan, there are a few patients with
CCF because of uncontrolled hypertension (HTN).
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Rheumatic carditis is common, but typically has a mitral
insufficiency murmur (blowing murmur at the apex of the
heart), sometimes with accompanying mitral stenosis (a
change in the murmur at the end, early diastole), or it has
Aortic valvular disease with the harsh murmur at the left
sternal border in Aortic stenosis or the extremely low
diastolic pressures from Aortic insufficiency. In the
absence of HTN and valvular murmurs, the patient with a
large, congestive liver, particularly when accompanied
by a low MUAC and high ESR, TB pericarditis should be
suspected.

It is my contention that the surprisingly high incidence of
TB pericarditis is because we have better diagnostic tools
today than when MTB was a serious concern in the first
world.” Modern ultrasound can probably detect
physiologic pericardial fluid, but a large effusion strongly
suggests TB. A CXR showing a “water bottle heart” is
about as strongly confirmatory as is possible, but a large
heart otherwise not explained with a significant effusion
by ultrasound is strongly suggestive. A high ESR also adds
to the confidence of the diagnosis.

My experience suggests that Rheumatic carditis and TB
are seen together more often than would be anticipated

by their relative frequency of the diseases. The link
between MTB and HIV is obvious and can be explained
by basic science. The decline in CD4 lymphocytes allows
for reactivation of dormant MTB. There is no such basic
science support for the link between Rheumatic fever and
TB, but epidemiology helps. Streptococcal pharyngitis is
still @ common disease in the US, perhaps more so than
previously,® but we have never identified the
“rheumatogenic strains” of Strept.? Although ARF was the
leading cause of mortality in 5- to 20-year-olds in the
United States during the 1920s, the annual incidence of
ARF in the United States today is low (<2 cases per 100
000 school-aged children compared with up to 150 cases
per 100 000 worldwide).!! Finally, the complexity of the
immune response to TB suggests a possible mechanism for
the association. After 150 years or so of seeking for a
vaccine for TB, we have the relatively ineffective BCG
and little else to show for our efforts. In that complex
miliey, it is not hard to imagine the immune response to
Strept becoming confused and destructive, attacking the
joints and heart valves, somewhat analogous to the
increase in auto-immune disease in HIV.
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Caption: This figure shows the dramatic decline in cases of TB in the US over the last 160 years. The incidence had decline
approximately 90% before the introduction of Streptomycin, the first effect anti-TB medication.!2
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Progress Towards TB Elimination, United States, 1982-2023
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Caption: Continued reduction in incidence. Note the slight rise in the 1980’s, probably caused by the rise in HIV infections

prior to effective medications.'3
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Caption: Steady decline in mortality from TB from 1994 to 2022.13

Though there are a number of controversies that could be
covered, | want to address the use of Streptomycin. As it
sounds, Streptomycin is an aminoglycoside and the first
effective drug against TB. Though Streptomycin and INH
made an immediate impact, it quickly became apparent
that MTB has a strong propensity for resistance. It has
been estimated that in completely naive MTB, there exist
a resistant organism for certain of the TB drugs when
there is more than 100 organisms. The holy grail of TB
therapy has been the use of multiple effective drugs
simultaneously. In South Sudan, we have RHZE (Rifampin,
Isoniazid, Pyrazinamide, and Ethambutol) in a single pill.
We give multiple pills based on weight. We have
recently had introduced GenXprobe. It is a machine
capable of carrying out PCR (polymerase chain reaction)
on numerous samples looking for either HIV or TB. It was
also useful during the Covid-19 pandemic. It can also

detect a certain gene leading to resistance to Rifampin,
and that gene is associated with MDRTB (multiple drug
resistant TB). MDRTB patients are typically resistant to
Streptomycin, at least in first world countries. This led to
the ill-advised ban on Streptomycin in South Sudan. In the
various hospitals where | have worked, we used
Streptomycin for two months and RHZE for three months
followed by RH for 5 months for relapse of TB and
treatment failure. We had a high degree of success. It
appears that the ban has finally (perhaps not officially)
been lifted and we have used it effectively multiple times
in the last three months. MDRTB is primarily a first world
problem. It was driven by patients who came to receive
free medications, quit them when they felt better, and
then returned when they fell sick again. In Mapuordit, we
have identified perhaps five patients with MDRTB, but
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there have been scores of patients who relapsed or
failed therapy and then benefited from Streptomycin.

That brings up another clinical dilemma facing South
Sudanese clinicians—deciding whether the patient has a
relapse of his TB, or is suffering from bronchiectasis, a
common complication of TB, particularly if there was a
delay in seeking therapy. Bronchiectasis is when an
airway is damaged to the degree that it loses its
structural integrity. Bronchoscopically, it looks like airway
collapse, but at autopsy, if paraffin is poured into the
airways, the bronchiectatic airways are dilated, almost
sack like in severe cases. MTB and measles are two of the
leading causes of bronchiectasis. In a TB patient who has
completed therapy and symptoms return, deciding the
culprit is difficult. If there is wheezing and course crackles,
bronchiectasis is more likely. A normal to modestly high
ESR helps. A trial of bronchodilators, steroids, and co-
trimoxazole may also be helpful. Cachexia, high ESR, and
hemoptysis point to a relapse. Positive sputum makes the
diagnosis easy, but CXR is often not helpful, since old films
are virtually never available, and deciding what is from
previous infection versus a new TB reactivation is difficult.

Another difficult questions to answer concerning a patient
with a second TB infection is whether this was a relapse
(the old organism was not completely eliminated) versus
re-infection (picked up from another patient). Is this the
same organism that made her sick before, or is this newly
acquired infection? That brings up a final controversy (for
this article) regarding the length of therapy. In the late
1980’s, when | was a pulmonary fellow, there was a
series of articles detailing the depth of care and
investigation that went in to the decision to change the
recommended length of treatment for MTB from 12 to 9
months. The conclusion of those investigations was that 9
months of therapy was as efficacious as 12 months. Of
course, at that point, TB was still a significant problem in
the US with an incidence of 10.4/100,000. It appears to
me that the decision to change to 6 months therapy was
based upon compromises—the costs versus the efficacy.
10 The expected outcome was 85% cure rate. Perhaps
the compromises were needed, but | ask “Would we
accept a 15% failure rate for the most deadly single
infectious agent in the world if TB was still a major
problem in Europe and the US2” | think the obvious answer
is no. Why not extend the phase of more intense therapy?
In patients who are Hepatitis B surface antigen (+) or
evidence of liver dysfunction, there is some danger of
Pyrazinamide-induced liver disease, but is that risk
sufficient to condemn everyone in the third world to a
15% failure rate? By my observations, there appear to
be too many relapses, even in patients compliant for the
six month duration. Insufficient killing of the MTB is a setup
for MDRTB.

Malaria—vector-borne death

One of the keys to the building of the Panama Canal was
the recognition that mosquitoes bore both malaria and
yellow fever, and eradication of mosquito breeding
areas helped the project immensely. Yellow fever was
dangerous and killed many, but malaria was far more
problematic to that venture and, indeed, to all of history.
One of the great controversies of the latter 19t century
was whether malaria was vector-borne or caused by

“bad air,” as the name implies. By eradicating the
breeding places of mosquitoes, Reed and Goethals
eradicated malaria and gave the needed proof that
mosquitoes carried the pathogen.

Potomac Fever now means political intrigue in the US
capital, but it used to mean malaria. The land around
Washington, DC was swampy and the politicians left the
capital during summer to move to higher ground and
better air. In his book The Mosquito: A Human History of
Our Deadliest Predator, 3! Timothy Winegard
convincingly shows how much of Western Civilization has
been shaped by malaria and the fear of swamp fever.
Hannibal marched his troops and elephants over the Alps,
but he could not attack Rome because of the mosquito
infested swamp around the city, so he dared not set up a
siege. Alexander the Great withdrew from his planned
attack on India because malaria ravaged his troops. In
the battle of Vicksburg in the American Civil War,
General Grant was able to purchase all the quinine
available, so malaria decimated the southern troops.

The war against malaria in America was won by draining
swamps and DDT. By eliminating the Anopheles mosquito,
malaria was eradicated in most of the world, but that is
not true in Africa. In South Sudan, there are expected to
be over 8.3 million cases out of 12 million inhabitants in
2025. 20 Like TB, the immune response to malaria is
complex, probably because the Plasmodia responsible
have the ability to change the antigens on their surface.
If a patient has Streptococcus pneumoniae infection, six
weeks later, the IgM is just beginning to wane and the
IgG is increasing, so another attempted attack is easily
thwarted. Not so in malaria. In my first few years in South
Sudan, | was amazed to see children come in with 40C
fever, large spleens, and verified Plasmodium falciparum
(PF) infection six weeks after we had successfully treated
them for the same problem. It is one of the aspects of this
disease that made it so difficult to come up with a vaccine,
though there appears to be an effective vaccine on the
horizon. ' WHQO maintains that the two vaccines are
equally efficacious, though the initial studies suggest that
the R21 vaccine is more efficacious. A new vaccine,
PfSPZ-LARC, is estimated to have over 90% efficacy, 19
though that is yet fo be proven in clinical trials.

Like all bullies, malaria picks on the vulnerable. Most of
the 600,000 deaths attributed to malaria every year in
Africa occur in pregnant women and small children.
Malaria is the most common cause of abortion
(miscarriage) in  South Sudan, though PID (pelvic
inflammatory disease) gives it good competition. PF is the
most dangerous and destructive species of the Plasmodia
that cause malaria, but there are others. P ovale, P vivex,
and P malaria are more common in western Africa, but
as we demonstrated, 2! are not infrequent causes of
malaria in South Sudan and East Africa.

As the world experienced during the Covid-19 pandemic,
controversies and poor medical practices abound when
ignorance reigns. One of the most common misconceptions
in South Sudan regarding malaria is an assumed
synergistic association with Typhoid fever. South
Sudanese frequently speak of having “malaria-Typhoid”
as though it was one disease. Much of that confusion
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arises because of the widespread use of the Widal test.
The Widal test is a fairly nonspecific marker of
inflammation that, in the context of the typical signs and
symptoms of Typhoid fever (infection by Salmonella
typhi), added some assurance to the diagnosis. It was
never intended to be a standalone test for Typhoid fever,
and has been superseded by far better tests. It has been
demonstrated to be neither sensitive nor specific.’”

Epidemiology strongly repudiates the association.
Typhoid fever is predominantly an Asian disease with
about 80% of the documented cases, using blood cultures
or IgM measurements, occurring in India. Malaria is
predominantly an African disease, with again about 80%
of the documented cases occurring in sub-Saharan Africa.
If there was a synergistic relationship between malaria
and Typhoid, we would expect an endemic area for one
would be endemic for the other, as it is with HIV and TB,
but in fact, that is not the case.

More specific tests for Salmonella typhi also repudiate
the association. In a study looking at the seeming
association, Widal tests for patients with documented
malaria were often positive, but more specific tests for
Salmonella typhi were negative and authors conclude,
rightly | think, that the Widal tests in that context were
false positives. 26 Looking at blood cultures for S. typhi,
the simultaneous infections were exceedingly rare, and
the overlap no greater than would be expected
randomly. We used IgM antibodies to look for S. typhi
infection at the same time that we did blood films for
malaria.2! Whereas over 75% of the blood films of these
acutely ill patients were (+) for PF or other species of
plasmodia, less than 5% of the patients tested had
objective evidence of S. typhi infection. In truth, much of
propagation of the “malaria-Typhoid” association has
been by unscrupulous medical providers in South Sudan
who want to sell Ceftriaxone when they treat for malaria,
but the practice has no basis in science and needs to end.

A second controversy involves the best test for malaria
diagnosis. Thick and thin blood smears have been the
gold standard for the diagnosis of malaria, and it has the
added advantage of being able to identify the various
species of plasmodia. The RDT (rapid diagnostic test) for
malaria has, to a substantial degree, replaced the blood
film. It is a simple western blot, with antibodies to
expected antigens embedded in the strip and shows up
(+) if that antigen is present. It is fast and easily taught,
requiring no special equipment and no particular
methodological expertise. It also has the advantage (or
disadvantage) of remaining positive for about 2 weeks
after anti-malarial medications have been given. It is
inexpensive by first world standards, costing around
$1 /test, but in MIH in Mapuordit, that can easily add up
to over $1 OOO/week during malaria season, and that is
a substantial burden for South Sudanese hospitals. Blood
films require both a microscope and some technical
expertise, and are more labor intensive, but they are
much cheaper, more sensitive, and in the case of recently
treated patients, more selective—if the plasmodia have
been eliminated by effective treatment, the blood film

will be negative. If a treatment failure is suspected,
positive blood film confirms the suspicion, whereas RDT
may still be (+) after successful eradication of the illness.

There are two major problems with RDT for malaria. One
is that many of the tests are specific for PF only. If the
malaria is caused by other species, those RDT will miss it.
The data from the Yei study?! suggests about 15% of
cases of malaria in South Sudan are caused by
plasmodia other than falciparum. The other concern has
emerged recently and is probably due to the plasmodia’s
ability to alter its surface antigens. In our study from Yei,
South Sudan, during the peak season for malaria, 84%
of the blood films were (+), whereas only 60% of the
RDT’s were positive during the same period. 2! In a study
out of Ethiopia, including parts of South Sudan, the
authors showed that RDT’s missed approximately 10% of
those plasmodia infections that were detected by blood
films. 22 Though quite different designs, the two studies
suggest that RDT for malaria is substantially less sensitive
than blood films.

One of my first assignments upon arriving in South Sudan
in 2009 was to dump the contents of all our supplies of
Chloroquine into the latrine. Chloroquine had been the
backbone of therapy for malaria for decades, but the
plasmodia had grown resistant, so the government
outlawed Chloroquine. If Chloroquine was found in our
pharmacy, we would have been fined.

That vignette leads to another controversy: what is the
best drug for acute severe malaria? Quinine has been an
effective treatment of malaria for centuries. But early in
the 21+ century, Artesunate was introduced for cerebral
malaria and the results were overwhelming. This chart
comes from a review in 2012.24

There was a new sheriff in town. Two predictable things
occurred. One was that the use of Artesunate shot up
dramatically. The other was that clinicians were not
particularly diligent in making sure Artesunate was
followed up with ACT (Artemisin Combination Therapy—
a group of medications that are artemisin based, but that
have another drug working through a different,
complementary mechanism). Artesunate rapidly cleared
plasmodia from the blood, but is not as effective in
eradicating the organisms completely. ACT provided a
deterrent to resistance. The next predictable thing was
that sensitivity to Artesunate declined. A study in Lancet!¢
of over 5000 patients enrolled from 2005-10 showed a
significant difference in mortality, but much smaller than
previous studies. In a study where data was collected
from 2008 to 2012, 25 Artesunate again as the
preferable drug, but there was no statistically significant
difference, though admittedly the numbers were small
(92). A bench study showed emergence of Artesunate
resistance with the potential for absolute resistance. 27 By
2021, we started seeing Artesunate treatment failures,
but almost never in patients treated with Quinine. Now
Uganda Clinical Guidelines has both Quinine and
Artesunate as first line drugs for severe malaria.
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Table: Artesunate compared with quinine for treating severe malaria

Patient or population: Children with severe malaria
Settings: Malaria endemic areas

Intervention: Artesunate

Comparison: Quinine

Outcomes lllustrative comparative risks* | Relative effect | No of Quality of the Comments
(95% Cl) (95% Cl) Participants evidence
Assumed Corresponding (studies) (GRADE)
risk risk
Quinine Artesunate
Death 109 per 83 per 1000 RR 0.76 (0.65 | 5765 high2.345
1000 (71 to 98) to 0.9) (4 studies’)
Neurological 11 per 14 per 1000 (8 | RR 1.23 (0.74 | 4857 moderate”8.9.10
sequelae at day 28 | 1000 to 22) to 2.03) (1 study)
Neurological 28 per 38 per 1000 RR 1.36 (1.01 | 5163 moderate23412
sequelae at 1000 (28 to 51) to 1.83) (3 studies™)
discharge
Time to hospital See See comment Not estimable | 113 moderate213414
discharge (days) comment (3 studies'")
Hypoglycaemia 30 per 19 per 1000 RR 0.62 (0.45 | 5765 high2.34.15
episodes 1000 (13 to 26) to 0.87) (4 studies’)

interval; RR: Risk Ratio

*The assumed risk was calculated by dividing the total number of events in the control group (across studies) by the
total number of patients in the control group (across studies). This was numerically very similar to the median control
group risk but is easier to link with the corresponding forest plot. The corresponding risk (and its 95% Cl) is based on
the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI). Confidence

Caption: Table showing the superiority of IV Artesunate to IV Quinine 23

Quinine has far more side-effects. Hearing is virtually
always acutely impaired (full recovery is the norm). Some
people have become psychotic on the medicine. Given
orally, Quinine must be taken three times/day for a
week, and probably does need another drug, such as
Doxycycline, to complete the killing of the plasmodiq,
whereas ACT is once or twice/day for three days. There
is no question that ACT is far easier to give, but in the
severe, acutely ill patient, Artesunate is losing its position
of prominence. It appears that Artemisin based therapies
are about to go the route of Chloroquine.

In dosing Quinine, | used the same method we used in
Gidel, Nuba Mountains, Sudan. We did not use a loading
dose. Though a loading dose does result in quicker
clearance of the plasmodia, 28 it greatly increases the
complexity of the regimen, and that is a significant
concern in African hospitals that are often inundated with
patients during the rainy (malaria) season. In MIH in
Mapuordit, the children’s ward often quadruples in size
and becomes the most highly populated ward in the
hospital. Moreover, electronic monitoring does not exist
and the acuity of patients is high. Therefore, the more
complex the regimen is, the greater the chance for errors.
The Gidel method takes advantage of concentration of
IV quinine and the desired daily dose. Quinine comes in
a 2 ml vial, 300 mg/ml. The desired dosing is 30
mg/kg/day. Therefore, to calculate the ml of Quinine to
put into the drip, multiply the weight in kg by 0.1. Put
more simply, shift the decimal point to the left one space.
We give that dose over 16 hours. A 36-kilogram woman
gets 3.6 ml of Quinine (1080 mg) into a litter of dextrose
over 16 hours. If there are no liter bags of Dextrose, split
the dose into 1.8 mlin 500 ml Dextrose over 8 hours times
two. For children 20 kg and below, | use 500 ml of
Dextrose over 16 hours. The simplicity of calculations
makes it easier for Clinical officers to properly dose, and

makes it easier for nurses to pick up any errors of
calculation. Following the Quinine drip, if the patient is
substantially recovered, | switch to ACT if the patient has
not taken a full course (3 days) in the last month.

Which leads into the final controversy, the ultimate
solution. Why does Potomac Fever mean political intrigue
and indoctrination instead of malaria? Why is the study
of malaria more of an academic than practical concern
in the first world? Because Anopheles mosquitoes have
been virtually eliminated in America and Europe without
causing any notable environmental concerns. Why not in
Africa? Because Africa is the dark, and in many ways,
forgotten continent, so attempts to clear the breeding
grounds of the Anopheles mosquito were late coming.
Then DDT was banned, based upon data of
environmental impact. Some experts have reviewed the
data upon which those recommendations were made and
found means of using DDT with greater safety, 29 but in
fact, there is no political will to resume DDT use in Africa.

In a letter to the editor of South Sudan Med J, 3° | maintain
that if there was a disease resulting in the death of
50,000 American or European children every year, there
would be a tremendous outcry for a solution, and there
would be little patience. There is a potential solution, but
it is controversial. CRISPR technology has been used to
insert functional genes into the genome of patients born
with dysfunctional genes. The results have not been
overwhelming, but they have been positive. Experience
suggests that the downside of CRISPR technology is the
inserted gene tends to lose expression over time.

Scientists have come up with a gene that could be inserted
into the DNA of male Anopheles mosquitoes that does not
harm males but is fatal for female embryos. 3! As we
know, it is the female mosquito that bites. The result would
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be more and more males carrying the lethal gene and
seeking to breed with fewer and fewer females until
Anopheles mosquitoes became extinct. A more likely
scenario, given our experience with CRISPR, is that for
several years, there would need to be reintroduction of
the gene because of the likelihood of reduced expression
over time. It would also need introduction in multiple
areas because all of sub-Saharan Africa is infested with
the Anopheles mosquito. Environmental advocates have
held up this potential solution by stating, quite truthfully,
that once the gene is released, we will not be able to
withdraw it. But the chance that the inserted gene could
somehow cross over into other mosquito species, much less
other animals, is miniscule. The far more likely problem is
that reintroduction of the gene will need to be frequent
and widespread, and will present its own technical
challenges. Still, it is probably the most reliable possibility
of ridding Africa of the Anopheles mosquito.

Do we need newer and more effective drugs for malaria?
Absolutely. Do we need better vaccines for malaria?2 Of
course we do. But the solution of the dilemma in the
building of the Panama Canal and elimination of malaria

from Woashington, DC involved the elimination of
Anopheles mosquitoes, and ultimately that will be the
case in South Sudan and Africa. And Africa without
malaria might surprise the world.

Conclusion:

The reasons for the persistence of HIV, TB, and malaria
as the leading causes of death in Africa are multi-
factorial. Regarding HIV, PEPFAR has been one of the
most successful intervention programs from the US or
Europe, but other attempted interventions have not fared
as well, and improvements in PEPFAR’s success will
depend on interventions that understand the attitudes of
the various tribes and peoples. With respect to TB,
elimination will probably require improved living
conditions, but better diagnostic measures, more reliable
means of supplying drugs, and intervention programs
aimed at better than 85% cure rates are more readily
attainable goals. To reduce the morbidity and mortality
from malaria will require new vaccines, more effective
drugs, but ultimately needs eradication of Anopheles
mosquitoes.
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