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ABSTRACT

Introduction: HIV-associated cryptococcal meningitis is the second leading cause of AIDS-
related mortality. Cryptococcal meningitis is a poverty-related disease and the majority of
cases occur in settings where resources are limited and access to quality care is often linked
to an individual's ability to pay for services. We have previously demonstrated the efficacy,
safety, and cost-effectiveness of a single, high-dose liposomal amphotericin-based
treatment regimen within the AMBITION-cm trial. Here we present a five-country, within-

trial analysis exploring the household economic impact of cryptococcal meningitis.

Methods: 810 participants were recruited into this sub-study in Botswana, Malawi, South
Africa, Uganda and Zimbabwe between January 2018 and February 2021. We collected data
on annual household expenditure, direct costs and indirect costs incurred prior to enrolment
and during the ten-week trial period. Costs were inflated and converted to 2022 USD. We
calculated out-of-pocket expenditure, lost income, and catastrophic healthcare expenditure,

defined as costs exceeding 20% of annual household expenditure.

Results: The average total out-of-pocket expenditure plus lost income prior to enrolment
was $132 and 17.9% (145/810, 95% Cl 15.3-20.5) of participant households had already
experienced catastrophic healthcare expenditure. Among the 592 surviving participants,
when combining out-of-pocket expenditure and lost income the average cost was $516 and
29.1% of annual household expenditure across all countries, ranging from $230 (7.6%) in
South Africa to $592 (64.2%) in Zimbabwe. More than half (296/581, 51.0%, 95% Cl 46.9-

55.0) of households experienced catastrophic healthcare expenditure by the end of the trial,
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ranging from 16.0% (13/81, 95% Cl 7.9-24.2) in South Africa to 68.1% (156/229, 95% Cl 62.0-

74.2) in Uganda.

Conclusions: This is the first study exploring the household economic impact experienced
by those diagnosed with cryptococcal meningitis. The household economic impact of
cryptococcal meningitis is high and more than half of households of individuals who survive
experience catastrophic healthcare expenditure. It is likely these figures are higher outside
of the research setting. This highlights the profound financial impact of this devastating

infection and provides a rationale to offer financial and social protection to those affected.
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INTRODUCTION

HIV-associated cryptococcal meningitis is the second-leading cause of AIDS-related
mortality and responsible for approximately 19% of AIDS-related deaths worldwide®.
Cryptococcal meningitis is a poverty-related disease and most cases occur in sub-Saharan
Africa where resources are limited and access to quality care is often linked to an ability to
pay?. Governments may partially or fully fund direct costs related to hospital admissions
and outpatient management but the individual and their households, family and friends also
incur out-of-pocket expenses. The World Health Organisation (WHO) acknowledges that
progress towards Universal Health Coverage as a core Sustainable Development Goal (SDG)
canonly be achieved if all can obtain the health services they need without suffering financial
hardship and with financial risk protection (SDG Target 3-8)® 4. However, in Africa at least
37% of healthcare spending is out-of-pocket expenditure® resulting in a high financial

burden on those with lower incomes®).

Catastrophic healthcare expenditure (CHE) has been defined as out-of-pocket expenditure
above a proportion of total household expenditure which may be associated with households
sacrificing other essentials such as food, incurring debt, and can lead to impoverishment ),
There are multiple proportions, or thresholds, used in the definition of CHE ranging from 10-
25% of annual household expenditure” ®. A systematic review and meta-analysis in sub-
Saharan Africa using a 10% threshold found a pooled annual incidence of 16-5% for all illness
(95% confidence interval (Cl) 12.9 — 20.4; 50 datapoints; 12=99.9%) and an incidence for HIV-
relatedillness of 27-1% (95% Cl 15.6 - 40.5; 3 datapoints; 12=98.7%)©. Catastrophic healthcare
expenditure at a threshold of 10% has been reported to be as high as 100% for HIV-related

hospital admissions in some settings®°.
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The high levels of CHE for HIV-related illness have been attributed to higher costs when
seeking care, which can often involve numerous healthcare interactions, prolonged hospital
admissions, and extensive non-medical expenses such as travel and food®. Cryptococcal
meningitis typically presents with a headache that becomes more debilitating over days and
weeks. During this time individuals typically visit numerous different healthcare facilities as
their symptoms worsen, many of which are private providers, and often transition back to
the public sector as they deteriorate and require hospitalisation®?. This contributes to being
admitted and diagnosed with more severe cryptococcal meningitis. Those diagnosed at the
point where they have developed confusion due to severe meningitis have more than twice

the mortality as those without confusion, so these delays contribute to worse outcomes®

13).

Cryptococcal meningitis is diagnosed by lumbar puncture and treatment is with combination
antifungals administered in hospital. Additional lumbar punctures are often required to
manage increased pressure around the brain, a common complication. Antifungal treatment
has previously been based on 7-14 day courses of intravenous amphotericin B deoxycholate
which is associated with drug-related toxicities and prolonged hospital admissions, leading
to higher costs®#. The AMBIsome Therapy Induction Optimisation (AMBITION-cm) trial was
a phase-lll non-inferiority trial comparing a single, high-dose, intravenous liposomal
amphotericin (L-AmB) based regimen with the previous WHO recommended regimen based
on seven daily doses of amphotericin B deoxycholate®?. Based on the trial results, the WHO
updated their guidelinesin 2022 to recommend the single high-dose L-AmB regimen as first-

line therapy®>. A within trial cost-effectiveness analysis across the five trial country settings
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found the regimen to be highly cost-effective with incremental cost-effectiveness ratios
ranging from USD (United States Dollars) $71 in Botswana to $121 in Uganda per life-year

saved®®),

To date there have been no studies exploring out-of-pocket expenditure and CHE
experienced by the households of individuals with cryptococcal meningitis. We embedded a
patient cost study within AMBITION-cm with the aim of describing the household economic

impact of cryptococcal meningitis.

METHODS

The AMBITION-cm trial. The AMBITION-cm trial has been described above and in detail
elsewhere>%7) and a dedicated protocol for this economic analysis is available®®. A total of
844 participants with HIV-associated cryptococcal meningitis were enrolled from eight
hospitals in five countries (Botswana, Malawi, South Africa, Uganda, and Zimbabwe)
between January 2018 and February 2021. The proportion who died at ten weeks was 24-8%
in the L-AmB arm compared to 28-7% in the control arm. The regimen was non-inferior in
the unadjusted analysis, superior in the adjusted analysis, associated with fewer grade 3 or 4
adverse events (50-0% vs 62-3%) and highly acceptable to both participants and healthcare

workers®9).

Baseline data. At baseline each participant completed an interviewer administered
questionnaire with study staff (Table S1)®®. The questionnaire solicited demographic

information and asked participants how much their household typically spent on food per
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week, rent and utilities per month, and large purchases (e.g. furniture, electrical items, cars)
inthe last year. We did not ask about absolute household income, an active decision to avoid
potentially infringing the participant’s privacy. We asked how much money they and/or
someone else had spent on activities related to their health in the four weeks prior to being
recruited into the trial to capture most costs whilst limiting recall bias. We asked about the
cost and time spent on travel to the hospital for their admission and previous interactions
with healthcare facilities prior to admission. We asked for up to three of the most recent
healthcare encounters to balance the need for in-depth information with recall bias and
responder fatigue, particularly given the severity of their infection. We asked about access
and use of private insurance and financial coping mechanisms such as taking out loans or
selling possessions to pay for healthcare. In participants with confusion we waited several
days to collect the data should their recall improve. If this was not possible we obtained data

from their next-of-kin.

End of study data. At the end of the ten-week trial, survivors contributed to a shorter
interviewer-delivered questionnaire to understand how long they had been unwell for, how
much work they had missed and any lostincome, as well as other out-of-pocket expenditure.
The trial provided travel reimbursements and medical care throughout the ten-week follow-
up period so additional expenses were expected to be low. Loss of income for caregivers was
not captured. For those who died, we did not collect data on costs related to funerals and

persistent loss of income to avoid distressing the bereaved.

Analysis. Data are presented overall and by country. Demographic data were described.

Occupations were classified in line with the International Standard Classification of

10
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Occupations (ISCO-08)9). We summarised previous healthcare interactions. Costing data
are presented in 2022 USD. Costs were adjusted for consumer price index inflation (sourced

from the World Bank) based on the year of recruitment and converted to USD.

The economic analysis is presented across two cohorts. The firstis all participants and details
expenditure and lost income in the four weeks prior to enrolment. The second is only those
who survived to ten-weeks and could provide end-of-study data. We multiplied weekly food
expenses by 52 and monthly rent and utilities by 12 and added these to annual larger
expenses to generate an estimated annual household expenditure. In line with WHO TB
patient cost surveys, we defined CHE as out-of-pocket expenditure and lost income of at
least 20% of annual household expenditure and calculated for both cohorts®¥. All analyses

were conducted using STATA SE vis-1.

Sensitivity analysis. As the definition of CHE varies in the literature, we also calculated this
using the threshold of 10% of annual household expenditure. We also performed analyses by
gender and treatment arm, comparing means using t-test and defining statistical
significance as p <o.05. The final sensitivity analysis relates to the currencies used in
Zimbabwe. During the trial, both USD and Zimbabwean dollars (ZWD) were used
interchangeably, the latter of which was subject to intense exchange rate volatility and
inflation. We conducted an exploratory analysis of the cost to households based on which
currency they used. Costs incurred by households who paid with ZWD were adjusted and
converted to USD and compared directly with those incurred by households who paid with

USD, which were adjusted as necessary.

11
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Ethical considerations. The protocol was approved by research ethics committees at the
London School of Hygiene and Tropical Medicine, Botswana Ministry of Health and
Wellness, Malawi National Health Sciences, University of Cape Town, Uganda National
Council for Science and Technology, and Zimbabwe Medical Research Council. Written
informed consent was obtained from participants or from the next-of-kin if participants were
incapable of consenting. If a participant recovered capacity, written informed consent was

obtained from them and they were free to leave the study if they wished.

RESULTS

Study population. A total of 844 participants were recruited into AMBITION-cm with 814
included inthe trial intention-to-treat analysis. Four withdrew consent for further studies and
did not provide economic data, leaving 810 participants included in this analysis (73 in
Botswana; 230 in Malawi; 106 in South Africa; 330 in Uganda and 71 in Zimbabwe) (Table 1);
39% (319/810) were female and the median age was 37 years (IQR 32-43 years). The level of
education was similar across countries except Uganda where most participants had not
attended secondary school. The trial participant was the main earner in 70% (562/808) of
households and the average annual expenditure was $1,717 (SD $1939) per household. This
varied across countries with household expenditure higher in Botswana and South Africa and

lower in Zimbabwe.

Costs incurred prior to hospitalisation. In the four weeks prior to enrolment, participants
reported headache symptoms for a median of 14 days (IQR 7-24) (Table 2). 78% of
participants (634/810) had missed work, with 53% (338/634) of those losing an average of

$162 (SD $300) in income. A higher proportion of individuals were economically inactive in

12
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South Africa (35%, 37/106) than in the other country settings. Other caregivers had provided
support for a median of two days (IQR o-7 days) with this highest in Uganda (median 5 days

(IQR 2-14 days)).

Participants had visited another healthcare facility for care on a median of one occasion (IQR
1-2) prior to hospitalisation, costing an average of $27 (SD $57). When combining all costs
related to their illness in the four weeks prior to hospitalisation, participants had spent on
average $37 (SD $73) of their own money and $28 (SD $65) of money from others, a total of
$65 (SD $104). This varied from $22 to $83 across countries, being lowest in South Africa and
highest in Uganda. The average total out-of-pocket expenditure plus lost income was $132
(SD $250), and this was highest in Uganda ($175) (Figure 1A). Only 2-5% (20/810) had private
healthcare insurance and the majority (15/20) had accessed this. Ten percent (84/810) of all

participants had borrowed money and 6% (49/810) had sold possessions to pay for care.

Costs incurred during the trial. A total of 592 participants survived the ten-week trial period
and economic data were available for 581. Data related to the ten-week trial period alone are
shown in Table S2. When combining the baseline and end-of-trial data, the surviving cohort
had been unwell for a median duration of 77 days (IQR 60-90 days) (Table 2). The 78%
(455/581) who were working missed a median of 73 days (IQR 50-84 days) of work. Of those
who missed work, 72% (326/455) lost an average of $559 (SD $2064) in income. Participants
had care provided by others for a median of 17 days (IQR 1-30 days), with this being higher in
Malawi, Uganda and Zimbabwe. Among all survivors, the average out-of-pocket expenditure
due to their illness was $132 (SD $173), and this was highest in Uganda ($156) and Malawi

($191). When combining out-of-pocket expenditure and lost income the average cost was

13
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$516 (29.1% of annual household expenditure) across all countries, including $397 (16.7%) in
Botswana; $590 (37.5%) in Malawi; $230 (7.6%) in South Africa; $578 (38.6%) in Uganda and
$592 (64.2%) in Zimbabwe (Figure 1A). Only 4% (21/581) had access to private healthcare
insurance, 12-9% (75/560) had borrowed money, and 11-2% (65/581) had sold possessions to

pay for healthcare.

Catastrophic healthcare expenditure. Using a 20% threshold, when combining out of pocket
expenditure and loss of income, 17.9% (145/810, 95% Cl 15.3-20.5) of households had already
experienced CHE prior to enrolment (Figure 1B, Table S3). This varied from 0.9% (1/106, 95%
Cl 0.0-2.8%) in South Africa to 27.3% (90/330, 95% Cl 22.4-32.1) in Uganda. Among the
households of individuals who survived, more than half (50.9%, 296/581, 95% Cl 46.9-55.0)
had experienced CHE by the end of the trial and this ranged from 16.0% (23/81, 95% Cl 7.9-

24.2) in South Africa to 68.1% (156/229, 95% Cl 62.0-74.2) in Uganda.

Sensitivity analyses. Using a threshold of 10%, 32.7% (265/810, 95% Cl| 29.5-35.9) of
households experienced CHE prior to enrolment (Figure 1C, Table S3) and 67.9% (395/581,
95% Cl 64.2-71.7) of survivor households experienced CHE. The proportion experiencing CHE
was highest in Uganda at 47.3% (156/330, 95% Cl 41.9-52.6) and 86.0% (197/229, 95% Cl 81.5-

90.5) at each time point.

With regards to gender (Table S4), despite no significant difference between genders at the
point of enrolment, we found that among those who survived, out-of-pocket expenditure
plus lost income was significantly higher among men ($633 vs $334, p=0.0310), as were the

proportions experiencing CHE at the 10% (71% vs 63%, p=0.0390) and 20% (55% Vs 45%,

14
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p=0.0202) thresholds. With regards to treatment arm (Table Ss), prior to enrolment a larger
proportion of those who were randomised to the AMBITION-cm intervention experienced
CHE at the 10% (38% vs 28%, p=0.0029) and 20% thresholds (22% vs 14%, p=0.0032)
compared to those in the control arm. This difference was not maintained among those who
survived at the 10% (69% vs 67%, p=0.6699) and 20% (54% vs 48%, p=0.1751) CHE

thresholds.

A roughly equal proportion of participants in Zimbabwe had paid for their care in USD (49%
(35/72)) and ZWD (51% (37/72)). At the point of enrolment, when combining out-of-pocket
expenses and lost income the economic impact on those using US dollars was $64 versus
$117 for those using Zimbabwean dollars and CHE was 9% (3/35) and 24% (9/28) respectively.
At the end of the trial, the economic impact was $243 and $888, and CHE was experienced

by 50% (11/22) and 62% (16/26) of households respectively.

DISCUSSION

In this multi-country study examining the household economic impact of HIV-associated
cryptococcal meningitis we found more than half of the households of individuals who
survived for ten-weeks experienced CHE at a 20% threshold. The incidence of CHE varied
across country settings and was highest in Malawi and Uganda. Even at the point of
hospitalisation, 18% of households had already experienced CHE. These data highlight the

profound financial impact of this infection.

Our previous within trial analysis found the average healthcare provider cost of treating

someone with cryptococcal meningitis with the AMBITION-cm regimen was $1,379
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compared to $1,237 with the control arm, and that regimen was highly cost-effective with
incremental cost-effectiveness ratios of $71 in Botswana ranging to $121 in Uganda per life-
year saved®®. In this analysis we found the average household economic impact of
cryptococcal meningitis was $516 and ranged from $230 in South Africa to $592 in
Zimbabwe. In Malawi and Uganda which are low-income countries, this economic impact

was 92% and 60% of Gross Domestic Product per capita respectively.

Overall, we found 51% of the households of participants who survived to ten-weeks
experienced CHE. This is comparable to findings from WHO national surveys of TB patients
from 29 countries which identified a pooled estimate of 49% of all TB patients experiencing
CHE, using the same 20% threshold??), although the only country represented in both these
studies is Uganda. This is despite the shorter time-course in our study compared to TB
therapy — ten weeks versus a typical treatment duration of at least six months - but
cryptococcal meningitis being a more acute infection always requiring hospitalisation?3. The
AMBITION-cm trial covered costs associated with hospitalisation and post-discharge care up
to ten-weeks. In settings where inpatient and outpatient HIV care are provided free-of-
charge there are frequently additional out-of-pocket expenses in the form of user fees to
contribute towards, for example, registration, consultation or medication costs®. The
clinical trial would have enabled participants to avoid some of these costs, which may have
cumulatively been significant. It is therefore highly likely our findings are underestimations
and the economic impact outside of a research setting, including the proportion of
households who experience CHE, is far larger. In addition, patients are likely to incur further
costs beyond ten-weeks linked to loss of productivity due to ongoing effects of cryptococcal

meningitis and when accessing health services for further follow-up. As well as being a highly
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vulnerable time clinically, this financial vulnerability should also be considered and the role

of social protection and support for individuals and households deliberated.

We found that CHE was experienced more by the households of male survivors. This is likely
explained by more male survivors being in employment than female survivors and that lost
income was only collected at the individual rather than household level. With regards to
treatment arm, despite more of the households of those randomised to the AMBITION
intervention experiencing CHE prior to enrolment and before receiving the intervention, this
difference was not observed amongst survivors, suggesting the intervention may have

counteracted this random baseline imbalance.

These quantitative data complement previous qualitative methods research by describing
numerous healthcare interactions prior to diagnosis ?4 and the variation in results across the
five country settings are consistent with the experience of the research team. Most
participants were the main household earner, reflecting the working age of participants and
that most were men®3. Mortality remains around 25%, even in trials of the best available
therapeutics, and individuals with jobs were out of work for a median of more than ten-
weeks®?. HIV-related illness results in working age parents being out of work and has
previously been cited as a driving factor for adolescents transitioning out of education and
into the workforce to support the home®®. The economic impact therefore extends far

beyond the household to the wider society.

The variation in household expenditure observed across country settings was consistent with

their overall economic circumstances. For example, food and rent costs were higher in South
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Africa and Botswana which are upper middle-income countries. The duration of iliness was
similar across countries apart from in Botswana where individuals were recruited earlier,
potentially due to an effective cryptococcal antigen screening programme. The number of
previous healthcare interactions prior to hospitalisation was a median of one, but this may
be an underestimate. In our qualitative methods work in Botswana and Uganda with a
purposively selected sample of participants, we found participants had often visited multiple
healthcare facilities in the days prior to hospitalisation®¥. It may be that recall bias due to the
severe nature of the illness led to under-reporting, further emphasising that the costs

reported in this study are likely to be underestimates.

Out-of-pocket expenditure in the four weeks up to enrolment was highest in Uganda and
Malawi which was due to higher costs of accessing outpatient healthcare, including in the
public sector, for example by having to pay for consultations or medication. This partially
explains why the overall economic impact and CHE were lower in Botswana and South Africa
where public healthcare is more comprehensive and services are provided free at the point
of delivery. We also found in Malawi, Uganda and Zimbabwe there was much higher
utilisation of partners, family and friends to provide care and support. This is consistent with
our observations, including in Uganda and Malawi where caregivers are actively encouraged
to remain by the bedside to assist with feeding, medication administration, and personal
care®®”, We did not attribute a cost to this time which would have further accentuated our

findings.

The sensitivity analysis exploring the impact of the form of currency in Zimbabwe, although

limited by a small sample size, indicates that the households of individuals who paid in ZWD
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incurred higher relative costs and experienced higher rates of catastrophic healthcare
expenditure. Our interpretation may be limited by the use of a single annual inflation rate in
the context of significant volatility but could be explained by the users’ socioeconomic status
impacting their ability to access USD and the relative lower purchasing power of the ZWD,

regardless of the exchange rate.

This was the first study of its kind and was embedded within the largest clinical trial for
cryptococcal meningitis ever conducted. However, several limitations should be considered
when interpreting the findings. This analysis was conducted within a single trial so the
reproducibility of the results may be limited; we aimed to partially overcome this by adopting
a multi-country approach, including countries with a range of income levels and analysing
overall and by country. We co-developed the first health economics questionnaire specific to
cryptococcal meningitis with individuals with relevant contextual experience and expertise
but this was not externally validated, which would be a valuable next step for future studies.
We did not ask participants exactly how much money they earned to calculate their annual
income and this decision was made after consultation with individual site research teams.
We could not therefore calculate the economic impact relative to their annual income, nor
make comparisons across income groups, but used their annual household expenditure to
calculate CHE, which is consistent with the definition. We prioritised CHE for our primary
outcome and further research could explore impoverishment resulting from cryptococcal
meningitis. Similarly, we prioritised lost income as a proxy for lost time and productivity.
Likewise, we did not collect lost income, annual income, or educational level of caregivers,
and therefore could not calculate the secondary opportunity cost associated with care given

to participants. Cryptococcal meningitis is a severe neurological infection, and it is likely
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there will have been some recall bias, particularly in cases where participants were confused
for a prolonged period, and we collected data from relatives who may not have been fully

aware of the costs incurred.

CONCLUSIONS

In conclusion, we found the household economic impact of cryptococcal meningitis was an
average of $516 per person and that more than half of survivors experienced CHE. It is likely
that these figures are higher outside of the research setting. This work highlights the
profound financial impact of this devastating infection, the urgent need to prevent
individuals from developing cryptococcal meningitis, and provides a rationale to offer

financial support and social protection to those affected.
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LEGENDS

Table 1: Baseline demographics and household expenditure

Table 2: Direct and indirect costs incurred due to cryptococcal meningitis

Figure 1: A) Out-of-pocket expenditure and lost income in United States Dollars, B)
Catastrophic healthcare expenditure calculated using a threshold of 20% of annual
household expenditure and C) 10% of annual household expenditure. Results are presented
overall and by country, organised by decreasing gross domestic product per capita, with bars
representing all participants prior to enrolment into the trial (left) and those who survived

the ten-week trial (right).
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