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Abstract
Background—Recent efforts to improve neurological care in resource-limited settings have
focused on providing training to non-physician healthcare workers.

Methods—A one-day neuro-HIV training module emphasizing HIV-associated dementia (HAD)
and peripheral neuropathy was provided to 71 health care workers in western Kenya. Pre- and
post-tests were administered to 55 participants.

Results—Mean age of participants was 29 years, 53% were clinical officers and 40% were
nurses. Self-reported comfort was significantly higher for treating medical versus neurologic
conditions (p<0.001). After training, participants identified more neuropathy etiologies (pre=5.6/9
possible correct etiologies; post=8.0/9; p<0.001). Only 4% of participants at baseline and 6%
(p=0.31) post-training could correctly identify HAD diagnostic criteria, though there were fewer
mis-identified criteria such as abnormal level of consciousness (pre=82%; post=43%; p<0.001)
and hallucinations (pre=57%; post=15%; p<0.001).

Conclusions—Healthcare workers were more comfortable treating medical than neurological
conditions. This training significantly improved knowledge about etiologies of neuropathy and
decreased some misconceptions about HAD.
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INTRODUCTION
Neurologic disease is common in the developing world where brain disorders affect more
than 250 million people.1 In sub-Saharan Africa, the region with the highest global burden
of HIV infection, neurologic complications of HIV infection are also widespread.2 In fact,
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many of these conditions are more common in sub-Saharan Africa where patients often
present for care at more advanced disease stages, and neurotoxic medications such as
isoniazid and stavudine are more commonly used than in the developed world.2-4

The most common neurological complication of HIV is peripheral neuropathy, with
prevalence estimates in sub-Saharan African cohorts exposed to antiretrovirals ranging from
49-73%.5-7 HIV-associated dementia (HAD) is also common, affecting 7%-28% of HIV-
infected persons in the developed world.8-10 Studies from sub-Saharan Africa with varied
methodology have found similar results with prevalences ranging from 2-54%.11-14 While
little data is available from Kenya, where this study took place, small studies have
demonstrated that 36-53% of HIV-infected Kenyans have peripheral neuropathy while 20%
have HAD and up to 50% demonstrate sub-clinical neurocognitive impairment.15-18

However, neurologic resources in developing countries are scarce. For example, there are
only 0.03 neurologists per 100,000 population in Africa as compared to more than 5
neurologists per 100,000 population in the United States.1, 19 Even these numbers do not
accurately reflect access to neurologists in rural regions, as most neurologists in the
developing world are in private practice in large cities.20 In Kenya, there are only 11
neurologists for a population of nearly 40 million people, and in Nyanza province, where
this study took place, there is one neurologist who sees patients one day per month at a
private clinic.20, 21

Diagnostic capacity for neurologic disorders are also lacking in the developing world,
including Kenya. While computed tomography (CT) is available at all provincial hospitals
and many private hospitals in Kenya, it is largely unaffordable. The average CT cost is
approximately $100, while the average Kenyan income is approximately $400.22 Magnetic
resonance imaging (MRI) is more expensive than CT and only available in the capital city,
Nairobi.23 Even lumbar punctures are usually performed only at larger district and tertiary
referral hospitals, and the cerebrospinal fluid diagnostic studies are usually limited to
microscopy and assessment of glucose and protein.

Training new neurologists to meet the demands for neurologic care in sub-Saharan Africa is
not feasible in the short-term.1, 24, 25 In 2006, only four countries in Africa had neurology
training programs, of which one was in sub-Saharan Africa.19, 26 One potential solution to
the shortage of neurologists is task-shifting, or the process of delegating health care tasks to
less specialized health workers. However, most non-physician healthcare workers in primary
care setting have received little training in neurology although they already deliver most
neurologic care in sub-Saharan Africa.24, 27 For example, a survey of primary healthcare
workers in Zambia revealed that two-thirds felt inadequately trained to care for seizures and
even more reported inadequate expertise for other neurologic conditions.27 Recent regional
initiatives have endorsed providing additional neurologic education to non-physician
healthcare workers in order to improve neurologic care in resource-constrained
settings.1, 24-28 Our objective was to assess training needs among non-physician healthcare
workers practicing in an HIV care and treatment program in western Kenya and to evaluate
the effectiveness of a one-day neuro-HIV training module.

METHODS
We developed a one-day training module for non-physician healthcare workers covering
fundamentals of the neurologic examination, localization, diagnosis and treatment of
neurologic complications of HIV, focusing specifically on HIV-associated dementia (HAD)
and peripheral neuropathy (Figure 1). The training was comprised of didactic sessions, small
group activities, and case studies. We invited 80 non-physician healthcare workers
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employed by or working in one of the 60 clinical sites supported for implementation of HIV
care by Family AIDS Care and Education Services (FACES) in Nyanza province, Kenya.
Training was provided in central locations at each of four districts within Nyanza province
on four occasions in November and December 2009. Reimbursement for transport and
housing was provided to participants who came from distant sites but no stipend was given
for participation.

An anonymous baseline survey and pre- and post-tests were administered to participants
who gave informed consent. The survey assessed demographic characteristics, clinical
experience, and self-reported comfort treating a variety of medical and neurological
conditions. Self-reported comfort was assessed using a 5 point Likert scale ranging from 0
(very uncomfortable) to 4 (very comfortable). Conditions were grouped into medical and
neurological non-infectious and opportunistic infections (OI). Average scores were
generated for each category. Comfort scores were compared using two-sample t-tests.

Knowledge testing consisted of identifying etiologies of peripheral neuropathy and
diagnostic criteria for HAD from a list. For peripheral neuropathy, the number of correct and
incorrect etiologies identified was measured. The HAD diagnostic criteria was scored as
fully correct if participants identified the two correct criteria (impairment in ≥2 cognitive
domains and impairment in activities of daily living) without selecting any incorrect criteria.
Partially correct answers were those in which both correct diagnostic criteria were identified
but also allowed for identification of one or more incorrect criteria. Pre- and post-test scores
were compared using Fisher’s exact tests and t-tests.

Differences in comfort and test scores were assessed by level of medical training using one-
way ANOVA and between rural versus urban practice location, and district headquarter
versus peripheral site practice location using t-tests. Statistical analyses were done using
Stata 10.0 (StataCorp, College Stations, Texas).

RESULTS
Of the 71 clinicians who attended the trainings, 55 (77%) consented to have their pre and
post tests used for evaluation of the training module. The mean age of study participants was
29 years, and 56% (31/55) were male (Table 1). The majority of participants were clinical
officers (29/55, 53%), healthcare workers who receive three to four years of post-secondary
education and function similar to physician’s assistants in the United States. Nurses
constituted an additional 40% (22/55) of the sample. On average, participants had been
providing HIV care for 2.4 ± 3.3 years, and participants practicing primarily at rural sites
made up 78% (43/55) of the study population.

Participants reported significantly more comfort treating all medical conditions as compared
to all neurologic conditions (p<0.001) (Table 2). Similarly, participants were significantly
more comfortable treating non-infectious medical conditions as compared to non-infectious
neurologic conditions (p<0.001) and medical OIs as compared to neurologic OIs (p=0.005).

There was excellent baseline knowledge of the etiologies of peripheral neuropathy. Few
incorrect etiologies of peripheral neuropathy were identified either before or after the
training. Still, participants could name significantly more etiologies after the training
(p<0.001) (Table 3).

In contrast, there was poor knowledge of the diagnostic criteria for HAD prior to the
training. After attending the training, there were no significant differences in the proportion
of participants who gave fully correct (pre=4%; post=6%; p=0.67) or partially correct
(pre=66%; post=72%; p=0.30) responses to the question about HAD diagnostic criteria
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(Table 3). Several incorrect diagnostic criteria were commonly identified on both the pre-
and post-tests. Significantly fewer individuals identified abnormal level of consciousness
(pre=82%; post=43%; p<0.001) and hallucinations (pre=57%, post=15%;p<0.001) as
diagnostic criteria for HAD but no change was seen in the proportion identifying a history of
central nervous system infection (pre=47%; post=30%; p=0.09) as an HAD diagnostic
criterion.

No significant differences were seen in comfort scores, pre-test knowledge or post-test
knowledge by level of medical training, rural versus urban practice location, or by practicing
at a peripheral site versus a district headquarter were observed in any category (data not
shown). In post-training qualitative evaluations, 26 (49%) participants requested either
longer, more frequent or additional neurologic trainings.

DISCUSSION
Overall, our study clearly identified a need for neurologic training for health care workers
providing primary care for HIV-infected patients and demonstrated that such trainings
receive very positive responses. The clinicians in our study were significantly less
comfortable treating common neurologic disorders as compared to general medical
disorders. This was true even when comparing comfort treating neurologic versus medical
OI. This finding is consistent with other studies of non-physician healthcare workers from
sub-Saharan Africa who express discomfort diagnosing and treating neurologic
disorders.24, 27

The self-reported discomfort with diagnosis and treatment of neurologic disorders is paired
with a desire for training in neurology. Anecdotal reports from neurologists visiting or
working in similar settings in sub-Saharan Africa have reported eagerness to take advantage
of neurologic learning opportunities on the part of healthcare workers.28, 29 Similarly, the
most common qualitative comments on evaluations of this training were requests to extend
the length of the training, hold additional trainings, or provide additional training and
mentorship during clinic visits for neurologic complaints.

Baseline knowledge of common neurologic disorders associated with HIV varied by
disorder. For example, baseline knowledge of etiologies of peripheral neuropathy was quite
good. In contrast, baseline knowledge of the diagnostic criteria for HAD was poor. Potential
reasons for this discrepancy might be because diagnosis of peripheral neuropathy is more
straightforward than diagnosis of HAD, because dementia is perceived to be less common in
Kenya and, therefore, is not emphasized in the medical curriculum, or because of stigma
around the diagnosis of dementia. Future work could include assessing and improving
medical curricula in Kenya to ensure inclusion of cognitive disorders.

The effectiveness of the neuro-HIV training module we developed was mixed. Knowledge
of peripheral neuropathy etiologies significantly improved and comfort managing
neuropathy was very high after training. However, knowledge of the diagnostic criteria of
HAD did not change significantly. After the training, few participants could provide fully
correct answers to the diagnostic criteria for HAD. Although the majority of participants
could provide partially correct answers after the training, and misconceptions about criteria
for HAD were significantly reduced, many clinicians identified an abnormal level of
consciousness, hallucinations or a history of a central nervous system infection as symptoms
of HAD.

Reasons for the persistence of these misconceptions of the HAD diagnostic criteria may
include different definitions of the terms “abnormal level of consciousness” or
“hallucinations” held by the healthcare workers participating in our training and the study
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team. There may also be cultural associations between dementia and psychosis that will
require more extensive training to dispel. It may also be that the HAD component of this
training may not have been designed or presented effectively for our target audience.
Finally, while the module itself may have had limited effect, it is possible that pairing the
module with clinical mentorship would be effective at improving knowledge, recognition
and clinical management of HAD.

Alternatively, it may be that the current diagnostic criteria for HAD are impractical for use
in routine HIV care settings staffed primarily by clinical officers and nurses in regions such
as sub-Saharan Africa. Both the Memorial Sloan Kettering (MSK) Dementia Score and
American Academy of Neurology (AAN) criteria for HIV-associated neurocognitive
disorders are based on highly specialized neuropsychological concepts such as impaired
functioning in certain cognitive domains and formal evaluation of functional status. These
definitions are useful in research and tertiary care settings with access to neurologists,
neuropsychologists, and neuropsychological testing. However, neurologists and
neuropsychologists are not available in most routine HIV care settings.

For example, as of June 2010, our study site at FACES served 87,730 patients with 25,666
patients on anti-retroviral therapy (ART). With the exception of the study team, there is no
neurological consultation available at any of our care sites. Private consultation is available
in a nearby city where one neurologist has one private clinic one day per month. However,
the consultation fees are out of reach for most of our patients, and this clinic itself is several
hours to one day’s travel from most of our clinic sites. Furthermore, no neuropsychological
testing is available outside of the capital city Nairobi (several days travel from most of our
clinic sites). Neuropsychological testing is only available privately and also out of reach for
most of our patients. However, the treatment for HAD — initiating ART — is available at
no cost at nearly all of our clinic sites.

Therefore, to improve recognition and treatment of neurocognitive disorders in routine HIV
care settings staffed by non-physician healthcare workers, we strongly recommend
developing a clinically relevant definition of HAD based on symptomatic presentation and
simple screening tools. Brief screening tools, such as the International HIV Dementia Scale,
have been developed for use in resource-constrained settings in response to this need and
have demonstrated utility for detecting HIV-associated cognitive impairment when
administered by trained physicians in settings where referral to a trained specialist is an
option.13 However, non-physician healthcare workers are the primary care providers for the
majority of HIV-infected individuals in Kenya. Trained physicians and specialists are not
available to our patients.30 Thus, a standalone diagnostic tool or simple clinical criteria for
diagnosing HAD is urgently needed. This is not intended to replace current research
definitions such as the MSK score or AAN criteria, but, instead, to create a complementary
definition for implementation in HIV care settings where the use of more sophisticated
research definitions is not feasible or practical.

Our study has several limitations. Although we endeavored to make our sample of clinicians
similar to others working in Africa, our sample consisted of healthcare workers employed by
FACES, a collaboration between the Kenyan Medical Research Institute and the University
of California – San Francisco, which has a strong focus on staff training, development, and
mentorship. Thus, our results may not be generalizable to healthcare workers in other
settings which do not share this focus on training. Second, attendance at the training was
voluntary and no stipend was provided for participation, although travel reimbursement and
housing was provided for individuals coming from distant sites. Therefore our sample of
health care workers was subject to volunteer bias; our participants may have been more
motivated to learn about HIV neurology than clinicians who did not volunteer. Additionally,
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we have not assessed long-term knowledge retention or evaluated whether the training
improved the participants’ diagnosis or clinical management of neurologic complications of
HIV in their routine clinical practice.

In summary, non-physician healthcare workers similar to participants in our study provide
the bulk of neurologic care in Kenya in both general medical settings and HIV care and
treatment programs. Our results provide further evidence that non-physician healthcare
workers in sub-Saharan Africa feel uncomfortable treating neurologic disorders, that their
baseline knowledge varies by disorder and that neurologic training is strongly desired.
Although our training module for peripheral neuropathy appeared effective, further
development and refinement of our training module on HAD is needed prior to widespread
implementation. In addition, a clinical definition of HAD which takes into account the
limited specialty services available in most primary HIV care settings in sub-Saharan Africa
could improve recognition and treatment of HIV associated neurocognitive disorders.
Creation and expansion of opportunities for neurologic training and further research into
whether these trainings improve quality of care is urgently needed for the majority of
patients in the developing world with limited or no access to neurologists in order to
improve neurologic care.
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FIGURE 1.
Detailed content and format of the training sessions.
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TABLE 1

Demographic characteristics of study participants.

Male [% (n)] 56% (31)

Age [mean (SD)] 29 (5)

Position [% (n)]

 Nurse 40% (22)

 Clinical Officer 53% (29)

 Medical Officer 4% (2)

 Medical Student 4% (2)

Years caring for HIV patients [mean (SD)] 2.4 (3.3)

Years working for FACES [mean (SD)] 1.2 (1.2)

HIV+ patients seen per week [mean (SD)] 154 (128)

Activities performed at least once per month [% (n)]

 HIV testing 52% (28)

 HIV counseling 60% (33)

 Initiate ARVs 73% (40)

 Monitor ARVs 87% (48)

 OI prophylaxis 76% (42)

 OI treatment 80% (44)

 Primary care 65% (36)

Primary practice setting

 District Headquarters 51% (28)

 Peripheral Site 42% (23)

 Unknown 7% (4)

Urban vs. rural practice location

 Urban 22% (12)

 Rural 78% (43)
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TABLE 2
Comparison of average scores for self-reported comfort for treating medical versus
neurologic conditions

Self reported comfort assessed using a 5 point Likert scale ranging from 0 (very uncomfortable) to 4 (very
comfortable).

Medicine
Average

Score
[mean (SD)]

Neurology
Average

Score
[mean (SD)]

Two sample
T-test

p-value

All medical conditions 3.2 (0.70) All neurologic conditions 2.1 (0.89) <0.001

Non-infectious conditions 3.2 (0.67) Non-infectious conditions 2.1 (0.88) <0.001

Opportunistic infections 3.1 (0.97) Opportunistic infections 2.5 (1.1) 0.005
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TABLE 3

Comparison of pre- and post-test scores after participating in a one day Neuro-HIV training module.

Pre-Test Post-Test p value*

Etiologies of Peripheral Neuropathy

Correct Answers [mean (SD)]† 5.6 (1.8) 8.0 (1.3) <0.001

Incorrect Answers [mean (SD)]‡ 0.5 (1.1) 0.33 (0.58) 0.49

Diagnostic Criteria for HIV Associated Dementia

Fully correct answer [% (n)] 4% (2) 6% (3) 0.67

Partially correct answer [% (n)] 66% (33) 72% (38) 0.30

Individual Items

Correct responses

Moderate impairment in ≥ 2 cognitive domains 84% (42) 87% (47) 0.56

Mild impairment in ≥ 2 cognitive domains 28% (14) 41% (22) 0.2

Moderate impairment of activities of daily living 72% (32) 79% (42) 0.23

Mild impairment of activities of daily living 16% (8) 53% (28) <0.001

Incorrect responses

Moderate impairment in one cognitive domain 34% (17) 24% (13) 0.11

Limb weakness 38% (19) 39% (21) 1

Abnormal level of consciousness 82% (41) 43% (23) <0.001

Hallucinations 57% (28) 15% (8) <0.001

History of central nervous system infection 47% (23) 30% (16) 0.09

Unsure 12% (6) 2% (1) 0.049

*
p values calculated for the neuropathy portion were calculated using two-sample t-tests (otal possible correct answers=9; total possible incorrect

answers=6.) p values for the dementia portion were calculated using Fischer’s exact tests.

†
Correct responses included diabetes, HIV, hepatitis C, syphilis, hypothyroidism, antiretroviral medications, isoniazid, vitamin B12 deficiency and

vitamin B6 deficiency.

‡
Incorrect responses included malaria, hepatitis B, chlamydia, hypoparathyroidism, Schistosomiasis, and vitamin C deficiency.
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