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Abstract

The Challenge: Across the globe, 2 billion underserved individuals rely on the services of over
2 million community health workers (CHWSs) for primary healthcare. These CHWs,
predominantly women from low-resource backgrounds, bridge the gap in healthcare access in
their communities. However, with only weeks of training and limited resources, the care quality
they deliver is often inconsistent.

Our Solution: Enter ChatCHW - a tool that marries large language models like ChatGPT with
local clinical guidelines. This smartphone app empowers CHWSs to provide consistent and
excellent care. ChatCHW'’s features include:

e Expertise at Your Fingertips: Powered by advanced large language models like
ChatGPT or Google’s Bard, ChatCHW brings medical expertise to every CHW.

e Localized and Accurate: Large language models can hallucinate wrong (but confident)
answers. To ensure accuracy, ChatCHW relies solely on inputs from the CHW agency:

o local clinical guidelines or CHW training manuals.
o real-time data on disease prevalence and
o Alist of the equipment and supplies a CHW carries.

e User-Friendly Design: With multi-language support, ChatCHW communicates
seamlessly with CHWs. Its intuitive design allows CHWs to adjust literacy levels and the
use of medical terminology. ChatCHW also turns most input into a simple touch (e.g., for
Yes or No), and supports voice input for longer answers.

e Integration with EMRs: If CHWs have access to electronic medical records (EMRs),
ChatCHW streamlines data entry and retrieval, enhancing patient care.

o Implementation is Easy: Setting up ChatCHW in a new region is hassle-free. Just
upload local guidelines or training manuals, and the system is ready to go. It is easy to
update the database of guidelines when a region has new pathogens (e.g., COVID),
diagnostics or treatments.

How It Works: When a patient arrives, the CHW speaks or types in the symptoms the patient
presents with. ChatCHW consults the clinical guidelines and suggests diagnostic questions. As
the visit progresses, the app recommends tests to perform, a diagnosis, and treatment
(sometimes including referral to higher-level care). Visual aids ensure CHWSs understand each
step. For the organization as a whole, ChatCHW offers regional insights through a dashboard,
highlighting trends and potential healthcare concerns such as a new disease outbreak.
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Globally, over two million community health workers (CHWSs) are the primary healthcare
providers for nearly two billion people living in poverty. This article explores how the integration
of large language models (LLMs), when enhanced with localized clinical guidelines, training
content, disease incidence data, available supplies, and accessible via mobile apps on CHWSs’
devices, could significantly improve the healthcare services these workers offer.

The problem

CHWs provide health education and treat common ailments in their community. CHWs in low-
and middle-income countries (LMICs) nations are typically women with an 8th to 10th grade
education who live in poor communities. Most CHWSs receive very low pay and receive only a
few weeks’ training.?

On the one hand, CHWs appear on average to improve health outcomes?®, and the very best
programs are highly effective.* On the other hand, low training and few resources implies the
quality of care CHWs provide is often low.®

For example, we know that even when treated by medical doctors, patients in poor nations often
receive antibiotics instead of ORS for uncomplicated diarrhea (where antibiotics are not helpful,
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while ORS is very valuable), but do not always receive antibiotics for strep throat or for
pneumonia® .

CHWs have limited medical supplies. For diagnosis, CHWs typically are supposed to have a
rapid strep test, thermometer, and a weighing scale for newborns. For treatment she is
supposed to have items such as paracetamol (branded as Tylenol in the US), some first aid
supplies, ORS and zinc, contraceptives, and (in some programs) antibiotics. ASHAs frequently
run out of supplies and often are not able to refill at the clinic.

CHWs typically focus on maternal and child health. For example, they treat diarrhea with ORS
(and sometimes zinc). They typically distinguish whether a sore throat is just a cold or is strep
that should be treated with antibiotics, whether a cough is a cold virus or likely to be pneumonia
that should be treated with antibiotics, etc. They refer serious cases to higher levels of care. In
some settings (such as India) they also provide antibiotics for likely bacterial pneumonia (the
most common Kkiller of children). At the same time, CHWSs are increasingly involved in screening
for and treating noncommunicable diseases such as high blood pressure and diabetes.

Many CHW programs already provide smartphones or tablets. These devices largely track
activities.” The largest of these products, OpenSRP, is an open source digital health platform to
support CHWs. It has over 150 million patients registered in 14 nations as of June 2023 (and
growing rapidly).® OpenSRP also provides guidance on specific types of care (e.g., antenatal
care). India is also developing a digital tool for its million plus ASHAs (India’s name of CHWSs).

Can artificial intelligence help?

Even without specialized training, by 2023 LLMs such as GPT4 had already passed medical
exams and shown good diagnostic abilities.® However, LLMs are not appropriate for
deployment to CHWs:
e LLMs can give inappropriate advice
o LLMs are trained on the entire Internet. Thus, their recommendations need not
accord with local clinical guidelines — or even use the appropriate word for a
local medicine (e.g., Is the local name paracetamol vs. acetaminophen?).
o LLMs have an end date to training. When a new danger arises (e.g., COVID), the
LLM won’t immediately know about any changes in guidelines.
o LLMs sometimes produce “hallucinations” —fabricated responses that often
sound authoritative and convincing.
e LIl Ms lack local data
o LLMs do not know the diagnostic tools (e.g., a thermometer) and medicines a
CHW is supposed to carry. They know even less about stockouts with this
specific CHW.
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o LLMs cannot access electronic medical records

o LLMs do not know local base rates for problems in a region, such as whether this
region has high rates of malaria this month

e LLMs have limited communication

o LLMs (in 2024) communicate largely via textual input and output, while most
CHWs in the field will have a difficult time typing responses to questions.

o A medical visit often requires communication after the visit, such as an after-visit
summary and reminders to complete medicine doses. LLMs lack those
capabilities.

e LLMs are not validated:

o An NGO or Ministry of Health will not recommend an Al assistant until it has been
tested thoroughly.

e LLMs do not learn from experience

o If multiple patients in a region have an illness (e.g., malarai), it is important to
update the base rates for that disease both to improve diagnosis and to address
root causes of the outbreak. LLMs do not cumulate queries to update regional
data.

ChatCHW: A proposed solution to these challenges

We propose ChatCHW - a tool that marries large language models like ChatGPT with
local clinical guidelines and a smartphone app.

To avoid hallucinations and ensure its advice fits local guidelines, ChatCHW uses only clinical
guidelines and training materials (not the entire Internet) in forming its responses. To ensure its
guidelines are up to date, users can easily add new guidelines when needed; for example, when
a new pathogen such as COVID arises.

To ensure its recommendations fit local conditions, ChatCHW uses real-time data on disease
prevalence and on this CHW’s supplies.

If the CHW has access to an electronic medical record (EMR), ChatCHW will use the EMR to
reduce the number of questions the CHW asks and will update the EMR at the end of the
session.

The ChatCHW app simplifies the completion of most questions, by presenting them as
checkboxes. For longer answers, the app accepts spoken input. Each CHW can adjust
ChatCHW’s language, level of literacy, and use of medical jargon.

ChatCHW will also use phone capabilities to create outputs, such as sending opt-in reminders
to CHWs or patients.

Using ChatCHW

To implement ChatCHW in a new region, a Ministry of Health or NGO uploads local
guidelines or training manuals, and the system is ready to start the validation process.
and runs a set-up program. The program creates a database of guidelines. Importantly, if a new



pathogen (e.g., COVID), diagnostic, or treatment arises, the implementer just loads updated
guidelines. The implementer also enters the supplies that CHWs carry and current rates of
infectious diseases such as malaria.

When a patient arrives, the CHW enters a brief written or spoken description of the patient and
their symptoms into the app. The app sends this query to the database, which finds the relevant
pages of the clinical guidelines. The app incorporates these relevant pages, along with data on
local conditions provided by local health officials, into the prompt for the large language model.
The prompt instructs the LLM to use only these guidelines and data; if the answer is not there,
then reply “l don’t know.”

Using only the guidelines and local data provided, the LLM initially recommends questions for
the CHW to ask the patient. The app formats these questions into checkboxes and gets the
CHW'’s responses The app sends the CHW'’s responses, along with an updated prompt, to the
LLM. The LLM then suggests additional questions or physical exams. Once exams are
completed, the app prompts the LLM to propose a diagnosis and recommend a treatment plan,
which may involve referring the patient to a higher level of care. If the CHW requests, ChatCHW
will use images of videos to show how to perform an exam, present the relevant excerpts from
the clinical guidelines, and explain the reasoning of a diagnosis.

If the patient opts in, ChatCHW drafts after-visit summaries. After approval by the CHW,
ChatCHW delivers the summary to each patient, including information on care, when to see a
doctor, and how to prevent recurrence (e.g., teaching key events for handwashing with soap
after a diarrhea case). Patients can choose to receive these instructions as a voice message as
well as SMS or WhatsApp message.

When appropriate, ChatCHW also delivers reminders to patients (e..g, to complete a dose of
antibiotics) and to CHWs (e.g., for a follow-up visit).

Building in learning

ChatCHW generates a detailed record of each interaction. The backend of the system will
aggregate all interactions into a dashboard for district, regional and national healthcare systems.
This dashboard will help identify patterns of stockouts and progress remediating them.

A backend LLM will also help identify new patterns of symptoms. These analyses will help
identify new outbreaks such as cholera or malaria. Patterns in non-response to treatment can
help identify new forms of antibiotic and antiviral resistance.

Importantly for global health, unexpected patterns of symptoms can also help identify novel
pathogens. Spotting new pathogens early can create essential time to learn about it and create
appropriate containment policies, vaccines or cures.

Concerns

There are many ways that artificial intelligence in medicine can fail to improve health. These
challenges are amplified in the low-resource settings that ChatCHW is designed for.



Some challenges for low-resource settings are familiar, such as low Internet connectivity in
some poor regions. Fortunately, most people (even in poor nations) have decent mobile phone
connectivity. Moreover, it should be possible to run powerful LLMs on smartphones within a few
years.°

Many programs for smartphones in poor nations run into hardware problems such as breakage
or a lack of charge."

Other challenges are familiar for any introduction of information technology in medicine, such as
resistance by care providers.'> ChatCHW may not be effective if it makes CHWs work slower or
more onerous. It is important to design the system with CHWSs so that the tool does not slow
CHWs down. It is important that CHWs perceive ChatCHW as a tool to empower them, not
control them. Finally, communities must perceive ChatCHW as a high-tech tool so that CHWs
gain status for their expertise.

More generally, ChatCHW development should follow all WHO guidelines for artificial
intelligence in healthcare™. These include principles of transparency, data protection and
privacy, and post-release auditing and impact assessments. Many poor nations will need to
update their regulatory framework to cover Al assistants in healthcare.

Even when relying on local clinical guidelines or training materials, the system could still give
erroneous advice. For example, the ASHA program of community healthcare workers in India
has been around for decades. Thus, they have multiple volumes of training materials that cover
core topics such as diarrhea and respiratory infections.’™ The system will need extra
instructions to ensure it uses the most recent guidelines for a set of symptoms.

In addition, LLMs were originally designed for reading in text, but some clinical guidelines use
tables and/or flowcharts. LLMs’ capabilities are improving for reading in tables and flowcharts.'
Nevertheless, it is crucial that an implementer tests the quality of the LLM’s comprehension of
such complex guidelines.
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ChatCHW as part of suite of tools

Integrating phone sensors can add new capabilities to CHWs. For example, pneumonia is the
most common cause of death for children in poor nations. A phone’s microphone can act as a
stethoscope to diagnose pneumonia’®. The microphone should also be able to diagnose some
serious heart problems (such as acute rheumatic carditis) that are resolvable even in many
low-resource settings.

Anemia is pervasive in poor nations, often affecting half or more of the population' (xx). A
smartphone camera can take a photo of fingernails, which is sufficient to diagnose anemia with
high validity'®. The camera can also diagnose some skin cancers'®. Both anemia and many
early stage skin cancers can be treated inexpensively in most low-resource settings.

More generally, a smartphone with ChatCHW can accept data from any bluetooth enabled
medical device.

Validating ChatCHW

There are many stages to moving from idea to product that an NGO or Ministry of Health could
deploy at scale. ChatCHW will come with protocols to validate its quality in different settings.

These protocols will use qualitative and quantitative methods to measure if the system provides
appropriate questions, assessments, diagnoses and treatments; operational data on lag times,
etc.; and feedback from CHWSs and patients.

Typical stages of testing include:
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1. Design ChatCHW in cooperation with CHWSs, their supervisors and medical directors.
Study CHW needs.?° Share prototypes of the interface to CHWs and others to ensure
the system meets their needs.?’

Test ChatCHW using a suite of hundreds of simulated patients.

Have CHWSs use the app, with researchers posing as simulated patients.

A survey experiment can use vignettes of patients, where each CHW will answer a

random set of vignettes without using ChatCHW, and then a different random set with

ChatCHW.# The order of using ChatCHW or not can be randomized. This survey will

probably overestimate CHW accuracy when not using ChatCHW, as the CHWs know we

are observing their (simulated) care. Nevertheless, assuming that knowledge gaps are
important impediments to quality care, ChatCHW should further increase CHW accuracy.

5. Doctor-observed usage: A medical doctor can observe CHWs using ChatCHW with
patients to ensure the system provides high quality recommendations.

6. ChatCHW probably cannot be deployed to an entire healthcare system at once. Thus, a
randomized or quasi-experimental deployment can compare health outcomes in regions
with early deployment to comparison regions that do not have ChatCHW. This
evaluation can survey both CHWSs and patients. This roll-out should also include focus
group discussions and key informant interviews with both CHWs and patients.

7. ltis important to ensure ChatCHW meets its goals once it is at scale. ChatCHW will le
CHWs give feedback after each patient visit.

8. Deployments should also include both CHWs and medical professionals in an ongoing
advisory board.

hPoN

These studies and feedback mechanisms will help those employing ChatCHW understand how
to operate ChatCHW (e.g., training needs, hardware challenges, and so forth); how to integrate
ChatCHW with existing digital platforms for CHWSs; whether ChatCHW improves accuracy in
diagnosis and decision making; and the potential gains in cost effectiveness and health that
would support adoption by government and NGOs.

A pathway to scale

As noted above, many CHWs already use smartphone software. It is conceptually
straightforward for these CHW programs to add ChatCHW as a module in their existing
software. For example, OpenSRP has hand-coded a small number of WHO guidelines as
modules of their software.?*> ChatCHW takes a complementary approach that can fill in the many
guidelines OpenSRP has not yet coded. If OpenSRP adopted ChatCHW, the new software
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could immediately support over 150 million patients. India could adopt a version of this software
to reach over a million CHWs (ASHASs), serving roughly a billion patients.

It might cost $20 to $30 million dollars per year to provide ChatCHW and smartphones to all
ASHAs in India for five years. It is too early to know the effectiveness of ChatCHW. Assume, for
example, ChatCHW lowers mortality from child diarrhea and pneumonia in India by 5%. In that
case, ChatCHW would save roughly 11,000 lives a year.?* These assumptions imply a cost of
under $3000 for a life saved, or less than $65 to save a disability-adjusted life year. Even if
effectiveness is only half this level and costs were double, ChatGPT would be one of the most
cost-effective health interventions.

ChatCHW may also receive support from wealthy nations due to two important global public
goods it provides. First, as noted above, it can help identify new outbreaks and novel
pathogens. Given the recent history of Ebola, COVID, Zika, novel pathogens are a major
concern for donor nations. Second, the typical child in a low- or middle-income nation receives
25 doses of antibiotics in their first 5 years. Many of these doses are not necessary, and this
overuse of antibiotics can lead to antibiotic resistance.?®> As with novel pathogens, antibiotic
resistance is a major concern for rich nations.

Conclusion

This article outlines a combination of a large language model, retrieval-augmented generation
based on local clinical guidelines or training materials, and a front-end app on a community
health worker’s phone. The goal of ChatCHW is to empower CHW’s with an Al assistant while
using local knowledge and avoiding hallucinations.

While there is no operable system at this time (Spring 2024), this innovation has great potential
to save lives in a highly cost-effective manner.
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