Open Forum Infectious Diseases

)SA

Infectious Diseases Society of America hiv medicine association

OXFORD

The Enterics for Global Health (EFGH) Shigella
Surveillance Study in Malawi

Donnie Mategula,’?* Maureen Ndalama,' Clement Lefu,' Jobiba Chinkhumba,? Latif Ndeketa,'* Vitumbiko Munthali,' Clifford Chitala,'
Thandizo Malemia,' Gertrude Million," Ishmail Mbutuka,' Ranken Mhone," Ethel Makwenda,' Mussa James,' Cornelius Bwanali,' Gift Kazembe,'
Abell Manundo,' Evance Chauluka,' Salama Chitalo,' Ethel Alumando,' Dalitso Longwe,' Maggie Matandika,' Paul Jonasi,' Agra Thindwa,’
Deborah Phiri,' Richard Wau:hepa,1 Flywell Kawonga,' Victor Maiden,' Mary Charles," Ida Kapindula,1 Desiree Witte,'* Ann M. Turner,*
Christina Bronowski,* Kate Baker,*® Naor Bar-Zeev,’ Melita A. Gordon,"* Queen Dube,”® Nigel A. Cunliffe,*® Khuzwayo C. Jere,"*”

and Jennifer Cornick'**

'Malawi Liverpool Wellcome Programme, Blantyre, Malawi, “Clinical Sciences Department, Liverpool School of Tropical Medicine, Liverpool, United Kingdom, *Department of Environmental and
Community Health, School of Global Public Health, Kamuzu University of Health Sciences, Blantyre, Malawi, “Institute of Infection, Veterinary and Ecological Sciences, University of Liverpool,
Liverpool, United Kingdom, *Department of Genetics, University of Cambridge, Cambridge, United Kingdom, *World Health Organization, Geneva, Switzerland, ’Department of Medical Laboratory
Sciences, School of Life Sciences and Health Professions, Kamuzu University of Health Sciences, Blantyre, Malawi, and ®Ministry of Health, Government of Malawi, Lilongwe, Malawi

Background. Malawi is among 7 countries participating in the Enterics for Global Health (EFGH) Shigella surveillance study,
which aims to determine the incidence of medically attended diarrhea attributed to Shigella, a leading bacterial cause of diarrhea in
children in low-resource settings.

Methods. We describe the EFGH study site in the densely populated informal settlement of Ndirande Township, Blantyre,
Malawi. We explore the site’s geographical location, demographic characteristics, and the healthcare-seeking behavior of its
population, particularly for childhood diarrhea. We also describe the management of childhood diarrhea at the health facility,

and the associated challenges to attaining optimum adherence to local and national guidelines at the site.

Conclusions.
attributed to Shigella.
Keywords.

Our overarching aim is to improve global health through understanding and mitigating the impact of diarrhea

diarrhea; health care-seeking behavior; Malawi; Shigella; surveillance.

Diarrhea due to the gram-negative bacteria Shigella is respon-
sible for approximately 60 000 deaths annually among children
<5 years old in low- and middle-income countries. In addition
to causing acute bloody and nonbloody diarrhea, Shigella is
associated with persistent and prolonged diarrhea, elevated in-
flammatory markers linked to environmental enteric dysfunc-
tion, and linear growth faltering [1, 2].

In Malawi, childhood diarrhea is recognized as a significant
health concern with incidence likely to increase due to climate
change. The Global Burden of Diseases study has estimated that
over 6.51% of all deaths in Malawi were due to diarrheal disease
in 2019 [3]. The EFGH study aims to determine the incidence of
Shigella-attributable medically attended diarrhea to guide deci-
sion making for clinical trials of Shigella vaccines. This article pro-
vides an overview of the Ndirande study site in Blantyre, Malawi.
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MALAWI COUNTRY PROFILE AND HEALTH SYSTEM

Malawi is a landlocked country in the southeastern region of
Africa, bordered by Tanzania, Mozambique, and Zambia
(Figure 1). It has a total area of 118 484 km?, 20% of which is
covered by water (mostly Lake Malawi). The lowest and highest
points of the land lie at 37 and 3003 meters above sea level, re-
spectively. Consequently, the climate pattern in Malawi is high-
ly variable, with temperatures averaging from 14°C to 32°C [4].
Malawi has 3 seasons: hot-wet, hot-dry, and cool-dry. From
May to August, the weather is cool and dry, becomes hot in
September and October, and the hot-wet (rainy) season begins
in October or November, continuing until April. The wet sea-
son is usually associated with increased infectious diseases, in-
cluding diarrhea. The country is divided into 3 regions, namely
the Northern, Central, and Southern regions. There are 28 dis-
tricts in the country: 6 districts in the Northern region, 9 in the
Central region, and 13 in the Southern region (Figure 1). The
country had an estimated population of 17.6 million people
in the 2018 census, with an average annual growth rate of
2.9%, with an estimated population of 20.4 million people
by 2022 [5]. According to 2019 World Bank estimates, the
gross domestic product per capita is approximately 645.84
US dollars [6].

Malawi operates a 3-tiered health system with primary, sec-
ondary, and tertiary levels interlinked through a referral
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Figure 1. Map of Malawi.

system. The primary tier provides general medical care through
community and rural hospitals and maternity units. The sec-
ondary level comprises district hospitals and acts as a referral
level for the primary level; it provides specialized care, includ-
ing laboratory diagnostics and rehabilitation services. The ter-
tiary level provides healthcare services for conditions that

require highly specialized care. The Ministry of Health
(MOH) is Malawi’s primary overseer of healthcare and health-
care providers. The government provides 63% of health servic-
es, the Christian Health Association of Malawi (CHAM)
provides 26%, and the remainder is provided by private for-
profit providers [7]. The curative and preventive healthcare ser-
vices in the MOH facilities are free, while CHAM and private
facilities have user fees.

CHILD HEALTH AND IMMUNIZATION SCHEDULE

Malawi has taken significant strides toward protecting child
health. According to United Nations Children’s Fund estimates,
its under-5 mortality rate is 42 per 1000 live births, and the infant
mortality rate is 31 per 1000 live births as of 2021 [8].

Malawi’s commitment to child health is exemplified by its
robust immunization program. The Expanded Programme
on Immunization (EPI), established in 1979, reached the uni-
versal immunization goal within a decade, with 80% coverage
for all vaccine antigens. This high immunization coverage has
been sustained over the years (Figure 2).

Malawi has recently introduced several new vaccines to its
EPI; these include diphtheria, pertussis, tetanus, hepatitis B,
and Haemophilus influenzae type b vaccines (2002), 13-valent
pneumococcal conjugate vaccine (2011), rotavirus vaccine
(2012), a second dose of measles vaccine (2015), measles-
rubella vaccine (2017), inactivated polio vaccine (2018), human
papillomavirus vaccine (2019), and most recently, the typhoid
conjugate vaccine (2023). The country is also piloting the RTS,S
malaria vaccine. The current immunization schedule is shown
in Table 1. Lessons from past experiences indicate that several
vital factors have facilitated the successful integration of new
vaccines into Malawi’s health system; efficient strategic plan-
ning, collaboration, and coordination between policymakers,
health professionals, and international partners are instrumen-
tal in overcoming potential barriers to vaccine introduction.
Additionally, high levels of vaccine acceptance also serve a
key role in successful vaccine introduction [9].

INSTITUTION PARTNERSHIP OVERVIEW
AND HISTORY

The Malawi-Liverpool-Wellcome Programme (MLW) was es-
tablished in 1995. Located in Blantyre, MLW is strategically po-
sitioned next to Queen Elizabeth Central Hospital, the largest
hospital in Malawi, and near the nation’s largest medical
school. The MLW is formed of a partnership of 3 organizations:
the Kamuzu University of Health Sciences (formerly known as
the University of Malawi College of Medicine), the Liverpool
School of Tropical Medicine, and the University of Liverpool.

MLW initially focused on malaria research, but its portfolio
has expanded over the last 2 decades, embodying the mission of
conducting internationally excellent research for health
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Figure 2. Malawi coverage estimates of most vaccines (1980-2020). Abbreviations: IPV, inactivated polio vaccine; MCV, measles containing vaccine; PCV, pneumococcal
conjugate vaccine; Penta, pentavalent; Pol, polio vaccine 3; RotaC, rota virus conjugate vaccine.

Table 1. Malawi Immunization Schedule

Age Vaccine

At birth or first contact BCG

At birth up to 2 wk OPVO

At 6 wk OPV1, DPT-HepB-Hib1, PCV1, and
Rota1l

At 10 wk OPV2, DPT-HepB-Hib2, PCV2, and
Rota2

At 14 wk OPV3, DPT-HepB-Hib3, PCV3, IPV

At 5, 6, and 7 mo
At 6 mo and every 6 mo up to 59 mo

Malaria vaccines
Vitamin A (children)

At 9 mo Measles-rubella 1, TCV
At 15 mo Measles-rubella 2
At 22 mo Malaria vaccines
At9-14y HPV vaccine
At first contact (15-45 y and pregnant ~ TT1
women)
At 4 wk after TT1 TT2
At 6 mo after TT2 TT3
At 1y after TT3 T4
At 1y after TT4 TT5

Within 2 wk of delivery Vitamin A (postnatal mothers)

Abbreviations: DPT, diphtheria-pertussis-tetanus; HepB, hepatitis B; Hib, Haemophilus
influenzae type b; HPV, human papillomavirus; IPV, inactivated polio vaccine; OPV, oral
polio vaccine; PCV, pneumococcal conjugate vaccine; Rota, rotavirus; TCV, typhoid
conjugate vaccine; TT, tetenus toxoid vaccine.

benefits and nurturing the next generation of researchers. It
hosts 15 research groups spanning 6 themes: infection biology,
population health, maternal health, vaccines, clinical and ex-
perimental medicine, and social sciences.

Research at MLW is underpinned by the robust infrastruc-
ture provided by its 5 research support units: clinical research,
data, statistical, laboratory, and the policy unit. The laboratory
support unit provides high-quality, Good Clinical Laboratory
Practice and International Organization for Standardization
15189-compliant laboratory support to all research projects
at MLW, in both molecular and microbiology laboratories.
The policy unit supports policy translation aspects of the

projects conducted at the institution. Alongside, operations de-
partments including finance and facilities further streamline
the institution’s research efforts.

SITE DESCRIPTION

Ndirande Township

The EFGH Shigella surveillance study will be conducted in
Ndirande Township, one of several densely populated urban
and periurban settlements in Blantyre District, southern
Malawi (Figure 3). Ndirande exhibits the health, social, and eco-
nomic challenges commonly found in Malawi’s low-income res-
idential areas, including undernutrition and limited access to
clean water and sanitation facilities [10]. Ndirande is Malawi’s
oldest urban informal settlement, covering approximately 3.3
km?. It is the largest low-income residential area in the country
[10]. The age-stratified population of Ndirande was enumerated
by the Strategic Typhoid Alliance Across Africa and Asia
(STRATAA) consortium in 2016 and updated in 2019 [11].
This latest household census recorded 23 765 households, esti-
mating the total population size of Ndirande to be 103497
(95% confidence interval [CI], 102 881-104 114). The popula-
tion age distribution of Ndirande includes 0-4 years: 13455
(95% CI, 13 375-13 535); 5-14 years: 27 427 (95% CI, 27 263-
27 590); >15 years: 62616 (95% CI, 62243-62989); and 2-24
months: 4761 (95% CI, 4733-4789) (Figure 3).

Ndirande Health Centre

The Ndirande Health Centre (NHC), located in the heart of
Ndirande, is instrumental in providing healthcare services to
the local community and is the recruitment site for the
EFGH study. Ndirande is 5 km from MLW.

The NHC provides various outpatient clinical services to the
local community, addressing the most common childhood ill-
nesses, including respiratory infections, diarrheal diseases, ma-
laria, and other febrile infections. Notably, the NHC also
provides emergency obstetric services, such as immediate

Shigella Surveillance in Malawi o OFID 2024:11 (Suppl 1) « S103



‘ Atlantic Ocean

Population age distribution in Ndirande census
3000

2000

Frequency

1000 -

0 ——prrrr e LBAAAY RAAM RAARY LARS) LMY RAAMS MAARM LAAA) bAAAL
0 10 20 30 40 50 60 70 80 90 100
Age (yrs)

Figure 3. Map showing Ndirande Health Centre catchment area and age distribution.

Table 2. Site-Specific Guideline for Management Dehydration

Classification Site-Specific Guideline

Dehydration classification

Severe Plan C: Ringer’s lactate solution (or Normal/saline) 30 mL/kg in
60 min (age <12 mo)/30 min (age >12 mo), then 70 mL/kg
in 5 h (age <12 mo)/2.5 h (age >12 mo). Reassess every
15-30 min. Give ORS (5 mL/kg/h) as soon as the child can
drink.

Some Plan B: ORS dose age/weight table. Reclassify dehydration

after 4 h and continue with A, B, C plans.

None Plan A: Increase food and fluid intake to prevent dehydration.
Malnutrition classification

Severe Plan C: Give ReSoMal 5 mL/kg every 30 min for the first 2 h.
Then, if the child is still dehydrated, give ReSoMal 5-10 mL/
kg/h. Alternate with F-75, up to a maximum of 10 h.

Some Plan B: Assume that all children with watery diarrhea have
dehydration and prescribe ReSoMal as indicated above.

All children  Zinc supplementation for 10-14 days: 10 mg per day (age <6

months) or 20 mg per day (age >6 mo).

Abbreviations: ORS, oral rehydration solution; ReSoMal, rehydration solution for
malnutrition.

surgical interventions, as a vital lifeline for pregnant women
and newborns in the district.

The NHC’s proximity to the community makes it a conve-
nient access point for potential study participants relative to a
tertiary care medical facility. This, in combination with
NHC'’s comprehensive healthcare services, provides a condu-
cive environment for participant engagement and retention
in research studies.

Management of Diarrheal Disease at Ndirande Health Centre

The data obtained from government records at NHC reveal that
among the cases of diarrhea in children aged <5 years recorded
at NHC from 1 January 2017 to 31 December 2019, 28% were
identified as bloody diarrhea. When adjustments were made
for healthcare utilization rates, the findings indicated that in

children <5 years, the incidence rate of nonbloody diarrhea
was 659.2 episodes (95% CI, 655.3-663.2) per 1000 person-years
observed. In contrast, the incidence rate of bloody diarrhea was
determined to be 259.9 episodes (95% CI, 258.4-261.5) per 1000
person-years observed. The EFGH study team works closely with
healthcare providers and the MOH staff at NHC, fostering col-
laborative clinical care for participants and adherence to stan-
dard management guidelines (Tables 2 and 3).

CHALLENGES WITH DIARRHEA MANAGEMENT
GUIDELINES

While efforts to manage diarrhea at NHC have been significant,
specific challenges persist in delivering guideline-adherent care.
One of the critical challenges lies in supply chain management.
Often, NHC experiences stock-outs of essential drugs and sup-
plies, such as antibiotics, oral rehydration solution, and zinc sup-
plements. These intermittent stock-outs undermine the effective
implementation of diarrhea management guidelines and may re-
sult in suboptimal treatment options. To address this, the EFGH
study provides backup World Health Organization-indicated
treatments when there are stock-outs at the facility.

A shortage of trained healthcare personnel exacerbates sub-
optimal adherence to guidelines. The extremely low healthcare
worker to-population ratio (reported to be 3.4 per 10 000 for
nurses and 0.2 per 10000 clinicians or physicians by the
World Bank [6] for the year 2019 against the required threshold
of 22.8 per 10 000) can result in overburdened healthcare facil-
ities, potentially compromising the quality of care.

HISTORICAL SHIGELLA INCIDENCE, PREVALENCE,
AND ANTIMICROBIAL RESISTANCE DATA

Shigella species pose a significant public health threat in
Malawi, particularly impacting children aged <5 years. Our
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Table 3. Site-Specific Guideline for Management of Dysentery or
Shigella

Population Site-Specific Guideline

Dysentery or Shigella upon culture
confirmation

Azithromycin 15 mg/kg (max 1000 mg)
on day 1, then 10 mg/kg (max
500 mg) for 4 days (first line).
Ciprofloxacin 15 mg/kg per dose
(max 500 mg) twice daily (caution in
age <18y) (second line). If no
improvement at 48 hours: IV
ceftriaxone 50 mg/kg once daily for 2
to 5 days g2-5d. If still no
improvement consider amebiasis:
metronidazole 10 mg/kg (max
750 mg) three times a day for 5 days

Suspected cholera (age >2 y +
severe dehydration + cholera
present in area)

Azithromycin 20 mg/kg (max 1000 mg)
stat, or erythromycin 12.5 mg/kg four
times a day for 3 days. Treat guardian
with doxycycline 300 mg oral once
dose stat.

Abbreviations: IV, intravenous; PO, oral.

diarrhea surveillance to date has focused primarily on children
with watery, nonbloody diarrhea at the Queen Elizabeth
Central Hospital and district health centers in Blantyre.
These findings showed that Shigella was present in 15.8%
of hospitalized cases (which included those with dysentery)
and 5.7% of asymptomatic community controls [12].
Antimicrobial resistance testing was performed using a panel
of 20 antibiotics; all Shigella isolates were resistant to
trimethoprim-sulfamethoxazole and ampicillin but susceptible
to the other antibiotics tested [13]. More recently, however,
whole genome sequencing of Shigella isolates from invasive in-
fection in Malawi has identified the emergence of fluoroquino-
lone resistance [14]

HISTORICAL HEALTHCARE-SEEKING FOR DIARRHEA

Understanding healthcare-seeking behavior is important for
contextualizing incidence estimates. Existing data from
Malawi indicate that a high proportion of caregivers seek med-
ical attention when a family member, particularly a child <5
years old, suffers from diarrhea. A study survey conducted in
the Chikwawa district of Malawi in 2007 provides insights
into the healthcare-seeking behaviors of the population; this
survey showed that 67% of the participating women reported
taking their children aged <5 years to a healthcare facility
when they experienced a diarrhea episode [15].

Similarly, the 2015 Demographic and Health Survey from the
guardians of >17 000 children across Malawi found that 66.8%
(2393/3584) of children reportedly suffered from an episode of
diarrhea in the 2 weeks preceding the survey. Strikingly, 66.8%
of the 2393 cases had sought treatment or medical advice. This
underscores the common healthcare-seeking behaviors of
Malawian caregivers for childhood diarrhea [16].

These studies together reflect a tendency toward healthcare
engagement in childhood diarrhea, underlining the role of
health facilities as crucial points for intervention and data col-
lection. However, it is worth noting that while two-thirds of
caregivers sought medical advice during diarrheal episodes,
one-third did not. This suggests there may be barriers to health-
care access, such as socioeconomic factors, logistical challenges,
or knowledge gaps, which might hinder a complete utilization
of healthcare services. Thus, in addition to disease prevention
and treatment strategies, efforts should be made to understand
further and address these barriers to maximize healthcare-
seeking behaviors and ensure the health and well-being of all
children in Malawi.

TRAINING AND CAPACITY BUILDING

The EFGH Malawi site is deeply committed to supporting early
career investigators and fostering equity, diversity, and inclu-
sion. We provide mentorship, training, and research collabora-
tion opportunities in enteric infections, allowing early career
investigators to participate significantly in the study. Several
of the investigators in the study are undertaking training at ei-
ther Master’s or PhD level. Alongside this, we strive to cultivate
an inclusive research environment that appreciates individual
differences in gender, race, ethnicity, nationality, and socioeco-
nomic background. Promoting fairness, equal opportunities,
and representation of traditionally underrepresented groups
in research activities and decision-making processes is a core
part of our mission. Through these efforts, we aim to contribute
to a supportive and balanced research community within and
beyond the EFGH project.

CONCLUSIONS

The EFGH study in Malawi aims to understand the burden of
Shigella in an urban, low-resource setting. The Ndirande
Township site in Blantyre, Malawi, with its known demograph-
ic characteristics and well-documented care-seeking behavior,
provides an ideal setting for the surveillance study. The robust
immunization program and the potential to incorporate a
Shigella vaccine show promise for disease control. As the lead
implementer, MLW is committed to diversity, equity, and in-
clusion, ensuring that we foster diverse voices and perspectives.
This work, integrated with our overarching aim to improve
global health, underscores the potential for significant contri-
butions to understanding and mitigating the impact of
Shigella-related diarrhea.
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