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EDITORIAL 

Introduction to the First Issue of East Africa Science: Search, 
Discover, Develop
Fabian M. Mashauri,a Harriet Nabudereb

aPrincipal Health Officer, East African Health Research Commission, Bujumbura, Burundi; 
bDeputy Director General, Uganda National Health Research Organisation, Kampala, Uganda
 
Correspondence to Fabian M. Mashauri (fmashauri@eahealth.org)

On behalf of the East African Health Commission (EAHRC), we are delighted to share the inaugural issue of East 
Africa Science (EASci) with our readers. We would like to take this opportunity to acknowledge all of the contri-

butions from authors, reviewers, and the editorial team that have made this first issue possible.
EASci is a no-fee, open access, peer-reviewed journal published by the EAHRC of the East African Community 

(EAC, www.eac.int). The journal will publish papers on a wide range of topics relevant to basic science, technology, 
and innovation in health. The aims are to contribute to knowledge dissemination, continuing professional develop-
ment of researchers in the region, and play a part in the mentoring of young, up-and-coming scientists. EASci is the 
sister journal of the East African Health Research Journal (EAHRJ), which is dedicated to articles informing health 
policy and practice.

EASci will not only promote research in the basic sciences but also the application of science, technology and in-
novation (STI) as well as information and communication technology (ICT) in health. This will include clinical trials 
on investigational pharmaceutical products, devices, and diagnostics, as well as featuring the application of health 
technologies and solutions, among other related matters. Issues of the journal will include peer-reviewed articles, 
original articles, reviews, short communications, surveys, commentaries, opinions, book reviews, supplementary is-
sues, essays, and reports related to the advancement in health and medical sciences.

EASci is open access with no article processing charges. The journal will initially be published once annually but 
will eventually build up to 2 issues per year. EASci will be available online at www.eahealth.org and in hard copy. 
Hard copies will be distributed to all relevant stakeholders, such as government institutions, research institutions, 
academic institutions, and relevant civil society organisations. 

EASci, among other things, aims to:

• Present East African innovations in the health sector

• Provide solutions through research, discovery, and development to priority issues that are relevant to 
the East African region

• Be a catalyst for innovation and the use of science and technology, including digital health technologies 
and solutions

• Guide the development of products in health that harness the advancement of science and technology

• Be a forum for sharing innovations and knowledge related to heath 

• Provide an avenue for closing the ‘knowledge gap’ in research and development in health that exists 
between developing and developed countries

• Enable scholarly recognition of professionals and institutions

• Support the career development of professionals

• Provide a forum for researchers from the EAC to become more visible globally

• Provide direction in setting up health 
research priorities in the region

• Contribute to economic and social development through research, innovation, and development in 
health

mailto:fmashauri@eahealth.org
http://www.eac.int
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Health (Digital REACH) Initiative during the 7th EAHSC. The 
Digital REACH Initiative is a new, groundbreaking initiative 
within the EAC that will implement ICT across all dimensions 
of the health sector in East Africa. This has the potential to 
transform health outcomes across the region for millions of 
people.

The Digital REACH Initiative will be implemented through 
its 10-year strategic plan (2019-2028). The strategic plan pres-
ents a common regional vision and strategic approach for 
regional collaboration in health.  It also serves as a platform 
for development partner and private sector input to support 
coordination and shared investment. The plan allows the EAC 
to pursue the funding necessary to scale-up operations.

The EAC is the first African Union Regional Econom-
ic Community to create an ambitious and coordinated ap-
proach to digital health, which is prioritised for investment 
by all presidents of its partner states. The successful imple-
mentation of the Digital REACH Initiative will fully support 
the EAC’s integration of the agenda, “One people, One Health 
System”.

In addition to this first issue of EASci, the EAHRC 
will also launch 2 supplementary issues, EASci volume 1 
supplement  1, 2019, and EAHRJ volume 1 supplement 1, 
2019. These 2 supplementary issues will publish the abstracts 
submitted for presentation at the 7th EAHSC.

We are publishing the inaugural issue of the journal in 
conjunction with the 7th East African Health and Scientific 
Conference (EAHSC), taking place in Dar es Salaam, the Unit-
ed Republic of Tanzania, from 27 to 29 March 2019. The main 
theme of the conference is ‘Technology for Health Systems 
Transformation and Attainment of the UN Sustainable De-
velopment Goals’. The conference participants will have the 
opportunity to discuss the 5 subthemes: 

1. Technologies Supporting Data for Health System 
Decision-making

2. Technologies for Disease Surveillance, Dis-
ease Outbreak Detection and Response, and 
Cross-border Mobility and Disease tracking 

3. Innovative Technologies and Solutions for Ap-
plication in, and Improvement of, Health-Care 
Service Delivery and Health Outcomes

4. Costing and Financing Health: The Role of Digi-
tal Health, International Remittances, Universal 
Health Care, and EAC Status on the UN SDGs

5. Health Knowledge Management Through Dig-
ital Technologies and Solutions in East Africa: 
Health Research, Training, and Care

As digital health technologies are increasingly being used 
in health care to improve health services and delivery, the 
EAHRC management thought that it was imperative to pro-
pose to the 14th EAC Sectoral Council of Ministers of Health 
that the main theme of the 7th EAHSC to be in line with 
digital health technology. The Sectoral Council of Ministers 
of Health, having granted their approval, will allow for the 
consideration of recommendations and strategies on how to 
harness the potential of digital health technologies to trans-
form the health sector in the East African region. The EAHRC 
will also launch the Digital Regional East Africa Community 
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ABSTRACT 
Mycobacterium tuberculosis has caused tuberculosis (TB) in humans for at least 3 millennia, but the disease has evaded 
eradication efforts by all human civilisations despite promising technological advancements. The World Health Organization 
(WHO) has set a target of ending the TB epidemic by 2035. Going by the current rate of progress, it is estimated that it will 
take another 160 years to realise the WHO End TB Strategy’s target. Accelerating the eradication of TB will require effective 
tools for diagnosis, vaccines and medicines to treat the disease, and efficient implementation thereof. This presents a great 
opportunity for innovators in East Africa and the world over to chip in and develop the best technologies to end TB. With 
funding from the European and Developing Countries Clinical Trials Partnership (EDCTP), partnerships between the UK-based 
University of St Andrews and research institutions in East and Southern Africa have led to the development of the first ever 
test – the molecular bacterial load assay (MBLA) – that measures the number of TB bacteria in a patient and reveals if this 
number is declining as a patient progresses on treatment. Initial assay results are available within 4 hours. Real-time knowl-
edge of patient mycobacterial burden and the effectiveness of prescribed medications are crucial for timely clinical decisions 
on patient management.

COMMENTARY

United Kingdom–East and Southern Africa Partnership at 
the Forefront of Developing the First Ever Test that Measures 
Patient Tuberculosis Burden in Hours

Wilber Sabiitia on behalf of the MBLA development stakeholdersb

aSchool of Medicine, University of St Andrews, Fife, UK 
Correspondence to Wilber Sabiiti (ws31@st-andrews.ac.uk)

INTRODUCTION

Mycobacterium tuberculosis has caused tuberculosis 
(TB) in humans for at least 3 millennia, but the dis-

ease has evaded eradication efforts by all human civili-
sations despite promising technological advancements. 
The disease is transmitted via the inhalation of aerosols 
laden with TB bacilli, expelled when infected individu-
als cough. One-third of the world’s population is latently 
infected with TB, reflecting one of the largest reservoirs 
of disease through asymptomatic carriers, from which 
an unfortunate 5% of cases progress to active disease.1 
Close to 10 million new cases and over 1 million TB-re-
lated deaths were reported in 2017.2 Although TB is a 
global disease, the burden varies greatly between high- 
and low- income countries. Asia and Africa, which host 
the most low- and middle-income countries (LMICs), 
account for the highest burden of TB.2 According to the 
World Health Organization (WHO), 30 countries are cat-
egorised as high–TB-burden countries (HBCs) and ac-
count for 87% of the global TB burden. Seventeen (56%) 
of the HBCs are in Africa, of which 8 (47%) are in eastern 
and southern Africa.3 Countries from the eastern–south-

ern African HBC block (ES)4 are recognised as having the 
highest burden of multidrug-resistant TB.1-3 The need for 
these countries to invest in developing effective tools to 
solve the TB problem cannot be overemphasised.

The WHO has set a target of ending the TB epidemic 
by 2035.4 Going by the current rate of progress, it is es-
timated that it will take another 160 years to realise the 
WHO End TB Strategy’s target.5 Accelerating the eradica-
tion of TB will require effective tools for diagnosis, vac-
cine and medicines to treat the disease, and efficient im-
plementation thereof. This presents a great opportunity 
for innovators in ES and the world over to chip in and 
develop the best technologies to end TB. With funding 
from the European and Developing Countries Clinical 
Trials Partnership (EDCTP), partnerships between the 
UK-based University of St Andrews and research institu-
tions in ES have led to the development of the first ever 
test – the molecular bacterial load assay (MBLA) – that 
measures the number of TB bacteria in a patient and re-
veals if this number is declining as a patient progresses 
on treatment.6,7Assay results are available at the labora-
tory within 4 hours of sample receipt. Real-time knowl-
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edge of patient mycobacterial burden and the effectiveness 
of prescribed medications are crucial for timely clinical deci-
sions on patient management.

This is a great improvement over the tools currently used 
for TB diagnosis and treatment monitoring. The gold standard 
test – M. tuberculosis culture – takes weeks or months to deliv-
er results, which is too slow to inform patient management. 
Furthermore, culture is acutely sensitive to endogenous and 
exogenous contaminants, such as non-TB bacteria and fungi, 
which grow rapidly and cause false-positive time to culture 
positivity (TTP) results.8,9 Consequently, a result from culture 
requires 3 extra confirmatory tests: (1) acid-fast microscopy 
to confirm acid-fast bacilli, (2) blood agar culture to rule out 
contamination, and (3) an antigen test, MPT64, to confirm the 
presence of M. tuberculosis. These extra tests consume more 
person-hours and increase the total cost associated with cul-
turing. Smear microscopy, which is widely available and less 
expensive, is less sensitive and cannot distinguish between 
live and dead bacteria.10 This limits the utility of smear mi-
croscopy when it comes to low-burden TB patients, such as 
children and people living with HIV, and makes it a poor tool 
for monitoring treatment responses. MBLA, therefore, is a 
technological solution to these challenges drawing on recent 
advances in molecular biology.

THE MBLA TEST
The MBLA test is specific to TB, and it has a faster turnaround 
time (TAT) than culture, taking only 24 hours for results to be 
received at the clinic. It is a reverse transcriptase quantitative 
polymerase chain reaction (RT-qPCR) assay that uses 16S-rR-
NA as a marker to detect and quantify the load of viable M. 
tuberculosis bacteria in a patient’s sputum sample. The pro-
cess starts with RNA isolation from M. tuberculosis bacteria, 
followed by RT-qPCR to quantify the RNA, then conversion of 
the RT-qPCR output (cycle threshold [CT] values) into bacte-
rial load values (estimated colony forming units per millilitre 
[eCFU/ml]) using a standard curve (Figure 1).

Unlike DNA, which can persist long after cells have died, 
RNA degrades following cell death, implying that the RNA 
measured by MBLA is from viable cells. The principle is that 
for patients responding to treatment, the number of viable M. 
tuberculosis bacilli remaining following treatment should be 
fewer than before treatment, and this number should contin-
ue declining until there is zero (undetectable) mycobacterial 
load. Changes in mycobacterial load can be detected as early 
as the third day of treatment follow-up. This means that drug 
resistance or nonadherence to treatment can be detected ear-
lier and appropriate measures can be taken. The EDCTP-fund-
ed Pan-African Biomarker Expansion (PANBIOME) study 
– conducted in Malawi, Mozambique, and Tanzania – demon-
strated that patients, on average, clear 1log10eCFU/ml of M. 
tuberculosis bacteria per week of treatment (Figure 2).

TAKING THE MBLA INTO POLICY AND PRACTICE
Many tools are invented but are never implemented in prac-
tice or are too expensive to be accessed by the majority. The 
other challenge with new technologies is their frequent in-
compatibility with existing infrastructure or environmen-
tal conditions in the target areas of implementation. Taking 
MBLA to policy and practice refers to all processes – includ-
ing technical optimisation and validation, assessment of ap-
propriateness, acceptability and cost-effectiveness – that are 
required for the tool to be adopted for the routine clinical 
management of TB. After a stakeholders conference, the WHO 
identified MBLA as having the potential to replace smear mi-
croscopy and culture for monitoring TB treatment responses.2 
Importantly, the development of MBLA has taken a co-devel-
opment model with stakeholders to ensure that the capacities 
needed to sustain the test at sites of implementation are de-
veloped in advance.

The first trial that demonstrated MBLA as a culture-free 
biomarker test for rapidly measuring patient mycobacterial 
load was conducted at South Africa’s Stellenbosch Universi-
ty. This study also demonstrated that the reduction in my-
cobacterial load measured by MBLA was consistent with the 
increase in TTP measured by automated TB liquid culture, 
Mycobacterium Growth Indicator Tube (MGIT).11 The differ-
ence between the 2 technologies is that MBLA is quantita-
tive, contamination-free, and produces results within hours, 
compared with 5 to 42 days for MGIT. A second study, con-
ducted at Tanzania’s National Institute for Medical Research 
(NIMR)–Mbeya Medical Research Centre, revealed superi-
or performance of MBLA over solid TB culture in quantify-
ing mycobacterial load and the assay results TAT.12 Funded 
by the EDCTP, the first multi-site evaluation of the test was 
conducted at the University of Malawi College of Medicine, 
Instituto Nacional de Saude, Kilimanjaro Clinical Research 
Institute, and NIMR–Mbeya Medical Research Centre in Ma-
lawi, Mozambique, and Tanzania, respectively.6 The study 
revealed that MBLA results are reproducible in different lab-
oratory settings and that it is superior to existing tools for 
the long-term follow-up of TB patients and monitoring treat-
ment response (Figure 2). Unlike culture, wherein reported 
contamination rates were as high as 30% in some settings, 
MBLA was found to be unsusceptible to contamination and 
inhibition.13 Further trials are ongoing in Uganda, Tanzania, 
Vietnam, Thailand, and the UK. The Pan African Consortium 
for the Evaluation of Antituberculosis Antibiotics (PanACEA) 
has adopted MBLA as a primary test in their clinical trials at 
over 10 sites in East and Southern Africa, as well as Gabon in 
Central Africa.

With support from the Global Challenges Research Fund 
(GCRF) and the Scottish Funding Council (SCF), the first-ever 
MBLA stakeholders conference was held at the University of 
St Andrews from 11 to 13 June 2018. Directors of national TB 
control programmes, laboratory scientists, academics, and in-
dustrialists representing 16 countries and WHO participated 
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Rapid Test for Measuring Individual TB Bacterial Load www.eahealth.org

East Africa Science 2019 | Volume 1 | Number 1 5

in the conference (Figure 3). Seventeen delegates participated 
in the 2-day MBLA training session, among whom 41% were 
from East and Southern Africa (Figure 4). WHO was repre-
sented by the Laboratories, Diagnostics, and Drug Resistance 
Unit of the Global TB Programme. The conference discussed 
ways by which the MBLA test can be translated into routine 
clinical practice and accessed by the TB patients who need it 
the most. The conference underscored what the development 
of TB diagnostics should focus on – tests that identify true TB 
infections, monitoring the effectiveness of treatment, and de-
termining cure. In addition to the current evidence, the con-
ference unanimously recommended a large-scale, multisite, 
multinational, near–routine-practice evaluation of MBLA to 
conclusively answer technical and operational questions re-
quired by WHO to approve the test for routine practice. This 
work will answer questions about MBLA test sensitivity and 
specificity, sample type and frequency of testing, reproduc-
ibility, appropriateness, acceptability, and cost-effectiveness 
in relation to the current standard of care tests for TB diagno-
sis and treatment monitoring.

While commonly applied in viral disease management, 
the molecular measurement of pathogen load (the number 
of microbes causing the disease) is new in bacteriology. As 
with other bacteria, the measurement of TB bacterial load has 
depended on the laboratory cultivation of sputum (and oth-
er patient samples) in culture media to count M. tuberculosis 
colonies or determine TTP as an index of mycobacterial load. 
Unfortunately, M. tuberculosis takes weeks to grow, and this is 
too long for results to inform initial patient management de-
cisions.8 Discovered 136 years ago, and despite its shortcom-
ings of low sensitivity and inability to distinguish between 
dead and viable bacteria, semiquantitative smear microsco-
py remains the most widely used test for TB diagnosis and 
treatment monitoring.10 Microscopy is often unreliable for 
samples from children and HIV-positive patients who often 
have a low TB bacterial load. Additionally, because of its low 
sensitivity, smear microscopy is often negative a few weeks 
into treatment when patients still have a significant myco-
bacterial load.14

FIGURE 1. Diagrammatic Representation of the Molecular Bacterial Load Assay (MBLA) Process

The MBLA process begins with RNA extraction from patient sputum, followed by a reverse transcriptase quantitative polymerase chain reaction (RT-qPCR) assay, and 
finally conversion (using qPCR analysis software [Qiagen, UK]) of the PCR output (cycle threshold [CT] values) into bacterial load values (estimated colony forming 
units per millilitre [eCFU/ml]) using a standard curve.

http://www.eahealth.org
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FIGURE 2. Treatment Response Curves of Tuberculosis Patients Followed for 12 Weeks of Treatment

Mycobacterial load was measured at baseline before the initiation of antituberculosis therapy and weekly during treatment. Each curve represents a patient. The red 
curve demonstrates the biphasic decline in mycobacterial load as patients responded to treatment. Note the steeper slope (fast rate of sputum clearance) in the first 
2 weeks of treatment, and then a plateauing curve (slow rate of sputum clearance) in the later weeks of treatment.

FIGURE 3. The Molecular Bacterial Load Assay (MBLA) Stakeholders Conference Delegates

http://www.eahealth.org
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THE TB CONTROL COMMUNITY SHOULD ACCELERATE 
IMPLEMENTATION
Like slow-growing M. tuberculosis colonies, the uptake of TB 
diagnostic and therapeutic innovation has been disappoint-
ingly slow. After the discovery of M. tuberculosis bacilli us-
ing a rudimentary microscope in 1880, it took 127 years to 
adopt the use of light-emitting diode (LED) technologies for 
microscopy and for the first molecular diagnostic tool – the 
line probe assay – to be adopted.15 The Xpert MTB/RIF, a rapid 
test that provides TB diagnostic results within 2 hours, was 
adopted in the 128th year. In contrast, within 10 years of de-
scribing HIV disease, viral load measurement for monitoring 
the response to antiretroviral therapy was adopted in clinical 
practice.16 After 136 years, the microscope remains the only 
WHO-approved tool for the routine monitoring of TB treat-
ment, and there is still no effective rapid test to measure my-
cobacterial load and monitor treatment responses in routine 
practice. The MBLA has been developed to fill this gap and 
ensure the early identification and appropriate management 
of patients responding poorly to treatment. With MBLA, cli-
nicians can undertake early investigations of adherence and 
drug resistance when the patient’s bacterial load does not de-
cline following the initiation of therapy. 

CONCLUSION
Through partnerships with local and international technol-
ogy developers, East Africa will leverage its capacity for bio-
medical innovation. In some respects, there is no need to rein-
vent the wheel when it comes to technologies that are already 

available. Frugal innovation, using existing knowledge and 
technology is the way to go; this way, existing technologies 
can be customised and repackaged for similar functions or 
repurposed to serve different functions of interest at afford-
able costs. It is important to note, however, that innovation 
and entrepreneurship do not happen in a vacuum. Without 
a conducive environment and financial resources, innovative 
ideas can only go so far. Governments in East Africa and Afri-
ca at large should take it upon themselves to create business 
incubation centres to nurture ideas from young entrepre-
neurs and policy frameworks to protect intellectual property 
rights, assuring innovators and their funders of good returns 
on their investments.
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ABSTRACT 
The ubiquity of mobile phones offers an opportunity for a paradigm change in health-care delivery, which may offer solutions 
to some of the challenges faced by the health sector in Uganda. The Medical Concierge Group (TMCG) is a digital health 
company, headquartered in Uganda, which leverages on mobile phone-based platforms – such as short messaging service 
(SMS), voice calling – and social media to deliver health services. Just over two-thirds (68%) of users of TMCG’s services 
are males between 18 and 30 years of age. SMS reminders have improved the honouring of health facility appointments 
among HIV-positive clients, from 60% to 90%; retention rates at supported health facilities have improved from 45% to 89%. 
Furthermore, information dissemination has been achieved via mobile SMS, wherein subscribers can access health content 
on diverse topics – such as HIV/AIDS prevention and family planning – by sending messages to a pre-defined short code to 
a phone line. Over 900 beneficiaries have accessed health content via SMS subscriptions. Social media platforms, including 
Facebook and Twitter, are used for health information dissemination and have enabled a wider reach to over 13 million 
beneficiaries accessing health information on TMCG’s Facebook page alone. Tailoring mobile phone-based health content 
to meet the target beneficiaries’ needs is critical for TMCG’s impact and uptake. With rising rates of phone ownership and 
Internet connectivity in Uganda, mobile phones offer an affordable and proven adoptable avenue to overcome the chronic 
challenges faced by the health sector.

ORIGINAL ARTICLE

Mobile Health in Uganda: A Case Study of the Medical 
Concierge Group
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INTRODUCTION

To date, mobile health (mHealth) does not have a 
standard definition. For the purposes of this article, 

we adopted the World Health Organization’s definition, 
which refers to mHealth as a component of electronic 
health that deals with the provision of health services 
and information via mobile technologies.1 Uganda’s 
phone ownership rate increased from 10% in 2002 to 
65% in 2014.2 This has driven different sectors within the 
country – including the health sector – to leverage the 
ubiquity of mobile phones to improve services.3

Mobile technologies have great potential to over-
come challenges in health-care delivery, as they provide 
cost-effective means of accessing quality health-care 
services.4 Such technologies provide an avenue for ad-
dressing some of the challenges that are of particular 
concern for health systems in developing countries, in-
cluding low health worker-to-patient ratios, accessibil-
ity and transport to health facilities, poor health infor-
mation systems, long waiting times at health facilities, 
and the poor or non-existent patient follow-up systems.5

This article discusses health-care delivery through 
mobile technologies, as implemented by The Medical Con-
cierge Group (TMCG), a digital health company in Uganda.

mHealth in Uganda
The integration of digital technologies in health-care de-
livery in Uganda has gained momentum in past decade, 
coinciding with increased access to the Internet across 
the coutnry.6 Mobile phones provide an ideal means of 
targeted health information dissemination because of 
their portability and ubiquity.7-9 Short messaging service 
(SMS) functionality is used, for example, in aspects of 
disease surveillance as well as patient notifications – to 
remind people about health facility appointment dates 
or to take their medications – all as means of improving 
public health outcomes.10,11

Interventions relying on mHealth have also been 
implemented to improve health worker performance; 
for example, during Malaria Consortium’s programme 
implementation in the northern and eastern parts of 
Uganda, text messaging was used to increase awareness 
and improve coverage of intermittent preventive treat-
ment for malaria among health workers.12 Additionally, 
mobile phones have been used to facilitate remote con-
sultations among health workers.13

Mobile phone approaches have also been used for 
the timely delivery of medical laboratory test results. A 
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study done in southwestern Uganda revealed a high level of 
acceptability of text messaging as a mode of delivery for lab-
oratory investigation results among a cohort of HIV-positive 
clients.14 Mobile technologies have also been used for data 
and information collection, for example, by the Uganda Min-
istry of Health for tuberculosis and malaria monitoring.12

In Uganda, mHealth programmes have employed a va-
riety of strategies and technologies, including SMS – which 
accounts for the majority of mobile phone-based health ser-
vices – as well as personal computers, personal digital assis-
tant-based applications. Web-based applications and voice 
calls – for example, with interactive voice recognition (IVR) 
or even call-in services – have also gained momentum.12

METHODS
TMCG was chosen for this case study, which was conducted 
from October 2016 to October 2017 because it has operated a 
functional mHealth platform for the past 7 years and, there-
fore, provides an appropriate example of the landscape of 
mHealth implementation in Uganda. Focus group discussions 
with key personnel at TMCG were scheduled; these included 
1 company director, 1 health-care worker, and the senior soft-
ware engineer at the company. Data were also collected via 
a researcher-administered, open-ended questionnaire that 
covered details about the mobile phone platforms deployed 
and how they are used, the target beneficiaries, and the kinds 
of health services they facilitate. 

Demographic information about the end users of the 
mHealth services – including age, gender, and location – was 
collected from the databases of the different mHealth plat-
forms assessed. Additionally, we analysed anonymised user 
data, including HIV status information, categories of health 
enquiries made, and health services utilised. These data are 
routinely collected on an optional basis and documented 
within the different service provision platforms. The data, 
when exported from the different digital health platforms, 
was made available in the form of Excel (Microsoft Corp., 
Redmond, WA, USA) spreadsheets for analysis within Micro-
soft Excel 2018.

RESULTS

The Medical Concierge Group
TMCG is a digital health company, headquartered in Kam-
pala, Uganda, which has been operational since 2012. TMCG 
operates a call centre that provides free access to health pro-
fessionals 24 hours a day, 7 days a week, for anyone seeking 
health consultations or information.15

Company Mission
The mission of the company is “to design and deploy scalable 
models for unlimited access to holistic, affordable, and quality 
health-care products and services guided by innovation and 
user engagement”. The company has achieved this through 
deploying a combination of concepts in health-care delivery 
via mobile technologies, including voice calling, SMS, social 

media platforms (Facebook and Twitter, for example), and 
messaging services (like WhatsApp). Focusing on live inter-
actions to provide a unique personal experience of individu-
alized responses in every interaction is the main objective of 
the company’s model of mHealth delivery.

Voice Calling Services
The voice calling platform allows for immediate and real-time 
interactions between health workers and end users. Data are 
collected using an open source application called Asterisk.16 
The voice calling platform is used to handle health-related 
enquiries, coordinate care for chronically ill patients, facili-
tate treatment adherence, assist in the retention of patients in 
care, follow-up antenatal care clients, and contribute to phar-
macovigilance.

The majority voice platform users are males (60%) be-
tween 18 and 35 years of age (80%). Calls are received from 
different parts of the country, but the majority (67.2%) come 
from the central region.

Interactions cut across different health domains, with 
those related to HIV/AIDS accounting for 30.6%. Most HIV/
AIDS-related enquiries deal with myths and misconceptions 
about HIV transmission and prevention. Enquiries about 
sexual and reproductive health account for 10.6% of inter-
actions, and these cover topics such as family planning and 
menstrual hygiene. Maternal, newborn, and child health con-
cerns account for 12.7% of interactions, and gastrointestinal 
complaints account for 9.2%.

Messaging Services
TMCG’s messaging service involves both pushes and pulls. 
With push interactions, users consent to receiving mobile 
messages with health information. For pull messaging ser-
vices, individuals subscribe to mHealth content by sending 
a keyword to a short code. For example, to receive messag-
es about family planning, a user sends the keyword “FP” to 
8884. HIV/AIDS prevention, with 282 subscriptions, is the 
most highly subscribed topic, followed by family planning 
(270 subscriptions); adolescent health (201 subscriptions); 
and maternal, newborn, and child health (153 subscriptions).

For the push system, the SMS platform was integrated 
into RapidPro,17 an open source messaging software appli-
cation that is used for health campaigns, wherein content – 
including reminders – can be sent to beneficiaries. Monthly 
reminders were sent to 10,371 clients on antiretroviral treat-
ment, and this improved the appointment uptake rate from 
60% to 90% which consequently improved client retention at 
supported health facilities.

Additionally, health content is disseminated via mobile 
messages that cover different thematic areas, including fam-
ily planning; maternal, newborn, and child health; and HIV/
AIDS awareness and prevention, among others. The mobile 
messages are available in different local languages. In addi-
tion to being used for health information dissemination, the 
SMS platform can be used for individualised case manage-
ment based on client enquiries, allowing personalised inter-
actions between health workers and end users.
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Social Media Platforms
TMCG uses its social media accounts on Facebook (https://
www.facebook.com/TMCGLtd/) and Twitter (https://twitter.
com/TMCGLtd) to reach a much larger audience for informa-
tion dissemination. Health content to be shared on the pages 
undergoes a development process that starts with, for exam-

ple, a topic chosen according to a date specified by the in-
ternational health calendar or any major health event in the 
country. After the topic is chosen, data and research are com-
piled to inform content curation, after which the content is 
organised, reviewed, and revised before it is posted, shared, or 
otherwise disseminated. Metrics reflecting the impact of the 

FIGURE 2. The Telehealth Short Messaging System (SMS) Workflow

End users can use the SMS platform in 2 ways. In case they need to access health information on any health-related topic, they send in a key word to a predeter-
mined short-code (1) to access related content housed in an messaging application called RapidPro (2). Alternatively, a beneficiary with a health enquiry can send 
a questions (3) to be addressed by a doctor at the call centre (4) on the CasePro platform, which allows for individualised responses.

FIGURE 1. The Telehealth Voice Workflow

A beneficiary who calls into the call centre (1) is answered by the doctor who addresses the caller’s health inquiry (2), for example, by referring the client to a health 
service or offering health advice. The doctor documents a summary of the call into the electronic records system for archving in the a database (3).
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social media content are compiled using the indices provid-
ed by the social media platforms; for example, post engage-
ments (the number of times people have commented, shared, 
or liked a post), page recommendations, reach (number of 
people that have interacted with a post), among others. For 
example, in 2017, the company’s Facebook page had 246,984 
followers with a reach of 13,181,870 people and up to 744,986 
logged-in viewers.

DISCUSSION
The 24 million mobile subscribers18 and 13 million Internet 
users in Uganda represent a huge opportunity for overcom-
ing barriers hindering universal health-care accessibility in 
the country. Social media, in particular, can reach far more 
people in a shorter period of time, and at a lower cost, than 
the traditional methods of cascading health information 
through physical gatherings.19

According to TMCG data, mHealth strategies have 
shown to be effective at reaching male clients, whose poor 
health-seeking behaviour has been shown to pose challenges 
that hinder preventive health programming and interven-
tions.20 Among other factors, men are often discouraged from 
seeking health-care services because of long waiting hours 
at health facilities, fear of projecting weakness instead of the 
perceived expectation of “manliness”, and the low levels of 
privacy at many health facilities.20 Despite these barriers and 
the well-established pattern of the relatively low uptake of 
health-care services by men relative to women, during the 
study period, 68% of TMCG’s voice calling service users were 
males, and 32% were females.

Mobile phone features, such as SMS, offer opportunities 
for improving patient outcomes. For example, daily SMS re-
minders for asthmatic patients have been shown to increase 
adherence to treatment over 3 months of follow-up.21 In rural 
Uganda, SMS reminders for patients on antiretroviral thera-
py led to improved adherence.22 The TMCG data corroborate 
these study findings, as users of TMCG mHealth services ex-
hibited improved hospital appointment uptake and reten-
tions in HIV care programmes (Figure 3).

Important considerations for SMS platforms and content 
include contextualisation, comprehensibility, and accessibili-
ty tailored to the target audience.23 Multi-language support is, 
therefore, a key feature of TMCG’s messaging platforms. Ad-
ditionally, continuous content review, feedback, and editing 
are necessary for content to remain relevant and useful. This 
is exemplified by TMCG’s social media content development 
process flow.

The limitations of mHealth interventions in low-income 
countries – especially in remote, rural areas – may include 
inaccessibility to mobile technology and the Internet. TMCG’s 
mHealth clients are disproportionately distributed in urban 
areas, particularly in Kampala and Wakiso.

CONCLUSION
Mobile phone-based health innovations provide an afford-
able and flexible way to overcome the chronic challenges 
to health-care delivery in Uganda, including the low doc-
tor-to-patient ratio, long waiting times at health facility, 
and poor or non-existent patient follow-up systems. Such 
mHealth services allow for large numbers of beneficiaries 
to be served at minimal expenditure of time and resources 
relative to traditional models of health-care delivery, which 
require physical interactions in most circumstances. Mobile 
technologies are particularly useful for preventive interven-
tions, such as behavioural change communication for HIV/
AIDS prevention.

Characteristics n (%)

Gender

Males 8,015 (68%)

Females 3,779 (32%)

Age range, years

<18 317 (2.7%)

18-30 8,469 (71.8%) 

31-50 2789 (23.6%)

51-100 219 (1.9%)

Voice service utilisation by region

Central 7,933 (67.2%)

Eastern 1,613 (13.6%)

Western 1,479 (12.5%)

Northern 269 (2.4%)

West Nile 500 (4.3%)

Top 5 districts by call-in traffic

Kampala 4,790 (40%)

Wakiso 742 (6.0%)

Masaka 664 (5.0%)

Jinja 424 (6%)

Mbale 389 (3.0%)

Others 4,782 (40%)

TABLE. Demographic Characteristics of Voice 
Call Service Users
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The TMCG further reaffirms the effectiveness of SMS 
for improving patient outcomes, especially for chronically 
ill patients, for example, in terms of improved adherence to 
hospital appointments among HIV-positive clients. The de-
mographic reach of TMCG’s mobile phone-based platforms 
– notably of particular interest to males and clients of both 
genders between 18 and 30 years old – provides insight to the 
plausibility of pilot mHealth interventions targeting men and 
young people. Effective communication via mobile phone-
based channels requires targeted messaging that is tailored 
to the needs of the audience, easy to understand, and con-
text-specific for the beneficiaries, even if it means translating 
messages and content to local languages. Finally, given the 
potentially sensitive nature of health data, ensuring data se-
curity and patient confidentiality is critical if the growth of 
such platforms is to be realised and sustainable.
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ABSTRACT
Background: Molecular identification of mutations resulting in multidrug-resistant tuberculosis (MDR-TB) is an important 
approach for improving understanding of MDR-TB epidemiology and planning for appropriate interventions. We aimed 
to estimate the prevalence and distribution of mutations causing MDR-TB as well as determine the gene distribution among 
patients previously treated for TB.
Methods: This was a cross-sectional, hospital-based study conducted from April 2017 to October 2018 at Kibong’oto Infec-
tious Diseases Hospital (KIDH). KIDH is the national MDR-TB referral hospital. Participants were patients presumptively diag-
nosed with MDR-TB and referred to KIDH from district and regional hospitals across Tanzania. Sputum samples were collected 
and analysed using the Xpert MTB/RIF assay, direct sputum smear fluorescence microscopy, culture on Lowenstein-Jensen 
medium, and line probe assay using the GenoType MTBDRplus VER 2.0 system. Demographic information and mutation fre-
quencies were reported as counts and percentages and analysed using descriptive statistics.
Results: A total of 208 (69.3%) participants had rpoB gene mutations conferring resistance to only rifampicin; 92 (30.7%) 
had rpoB, katG, and inhA mutations conferring resistance to rifampicin and isoniazid; 78 (26%) had rpoB and katG muta-
tions conferring resistance to rifampicin and isoniazid; and 14 (4.7%) had rpoB and inhA mutations conferring resistance to 
rifampicin and isoniazid.
Conclusion: The mutation prevalences identified in this study indicate the most frequent mutations were the S531L mutation 
of the rpoB gene, the S315T1 mutation of the katG gene, and the S315T muation in the promoter region of the inhA gene. 
To control the emergence and spread of MDR-TB, drug sensitivity testing must be carried for GeneXpert-confirmed TB patients 
prior to initiating second-line anti-TB regimens.
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INTRODUCTION

Tuberculosis (TB) continues to be a disease of 
public health importance worldwide. The emer-

gence of multidrug-resistant TB (MDR-TB) is a serious 
challenge to TB control.1 MDR-TB, defined as resistance 
to both isoniazid and rifampicin, is a growing public 
health problem in resource-poor regions where ade-
quate diagnosis and treatment are often unavailable.2-5 
The World Health Organization (WHO) report of 2018 
estimates that there were 558,000 new cases of rifampic-
in-resistant TB in 2017, 82% of which were MDR-TB.6 
MDR-TB is estimated to affect 3.5% of patients diagnosed 
with TB for the first time and 20.5% of those previously 
treated for TB. WHO estimates that about 5% of all TB 
patients progress to MDR-TB, which had a peak mortal-

ity rate of more than 40% in 2013.7,8 Tanzania is among 
the 30 countries most affected by TB and MDR-TB, with 
an MDR-TB prevalence of 1.1% in 2010.6,9,10

Resistance to anti-TB agents by Mycobacterium tuber-
culosis is caused by mutations in genes or the promoter 
regions of genes involved in drug activation or encoding 
drug targets. Molecular mechanisms for resistance to ri-
fampicin are known to involve chromosomal mutations 
in the RNA polymerase β-subunit gene (rpoB), which 
encodes the β subunit of the M. tuberculosis RNA poly-
merase chain.11-14 Isoniazid is one of the most effective 
anti-TB drugs. The majority of the mutations responsi-
ble for high-level M. tuberculosis isoniazid resistance are 
found in the catalase peroxidase gene (katG).15 Isoniazid 
resistance also commonly results from mutations in the 
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promoter region of the enoyl acyl carrier protein reductase 
gene (inhA)15; these mutations increase inhA expression and 
confer low-level resistance to isoniazid.16 The lower suscepti-
bility to isoniazid is associated with mutations in the structur-
al region of inhA, which lower affinity to drug-NAD adducts.16

The molecular detection of M. tuberculosis mutations is 
important for the understanding of TB epidemiology, as it 
can help predict transmission rates and identify dominant 
strains, strains with enhanced capacity to spread, and strains 
associated with outbreaks17 and severe disease.18,19 Effective 
genotypic monitoring of the emergence of drug-resistant 
strains of M. tuberculosis is pivotal to TB control, more so than 

the detection of drug resistance by phenotype, which suffers 
from protracted identification of resistant strains. There is ac-
cumulating evidence correlating gene mutations with phe-
notypic resistance; however, the relevant data are sparse and 
inconsistent, particularly in sub-Saharan Africa where the 
disease burden is highest.18

This study aimed to estimate the prevalence and distri-
bution of mutations causing MDR-TB as well as determine 
the gene distribution among patients previously treated for 
TB who presented at Kibong’oto Infectious Disease Hospital 
(KIDH) in Sanya Juu, Tanzania.

FIGURE 1. Sample Collection and Processing Flow Chart
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METHODS

Design and Settings
This was a hospital-based cross-sectional study conducted 
from April 2017 to October 2018 at KIDH, a national refer-
ral hospital for patients from all parts of Tanzania. KIDH is 
currently the country’s largest referral hospital for MDR-TB 
management, with a dedicated 40-bed capacity in addition to 
separate facilities for treating drug-susceptible TB.

Study Participants and Inclusion Criteria
We enrolled referred inpatients aged 18 years and older. A 
structured questionnaire was administered by interviewers 
to collect sociodemographic information in addition to that 
obtained from the hospital files. We excluded admitted pa-
tients on treatment for diseases other than TB and those com-
ing from outside of Tanzania.

Sample and Data Collection
Sputum samples were collected from each participant in a 
sterile Falcon tube (BD Biosciences, Bedford, MA, USA). The 
Xpert MTB/RIF assay (Cepheid, Sunnyvale, CA, USA) for mo-
lecular detection of MDR-TB was used to test all sputum sam-
ples.20,21 Direct sputum smear fluorescence microscopy22,23 
was used to test for acid-fast bacilli (AFB) for all enrolled 

patients. All AFB-positive sputum samples were cultured on 
the Lowenstein-Jensen (LJ) medium (HiMedia Laboratories 
GmbH, Einhausen, Germany). Recovered M. tuberculosis colo-
nies from LJ medium culture-positive sputum samples were 
used to perform a line probe assay (LiPA) employing the Gen-
oType MTBDRplus VER 2.0 system (Hain Lifescience GmbH, 
Nehren, Germany) according to the manufacturer’s instruc-
tions (Figure 1).24

LiPA
M. tuberculosis DNA was extracted from recovered M. tuber-
culosis colonies using the GenoLyse DNA extraction kit (Hain 
Lifescience GmbH) followed by a polymerase chain reaction 
sequence to amplify the rpoB gene encoding the β-subunit of 
RNA polymerase, the katG gene encoding for catalase perox-
idase, and the promoter region of the inhA gene encoding for 
NADH enoyl ACP reductase, for the detection of genomic mu-
tations associated with MDR-TB. The primers and polymerase 
included in the MTBDRplus Ver 2.0 assay kits were used to 
amplify the genes, and the H37Rv quality control M. tubercu-
losis strain was used as the positive control. The M. tuberculo-
sis mutations in the rpoB gene associated with rifampin re-
sistance, and those in the katG and inhA genes associated with 
isoniazid resistance, were interpreted and determined by the 
band patterns on the LiPA strips after reverse hybridisation of 
the gene amplificates.24-26

Statistical Analysis
Data were analysed using IBM SPSS Statistics version 20 (IBM 
Corp., Armonk, NY, USA). Data were summarised using fre-
quency distributions and charts for categorical data and de-
scriptive statistics (mean, median, standard deviation, and 
interquartile range) for numerical data. Chi-square tests were 
applied to assess patient sociodemographic and clinical char-
acteristics associated with drug resistance, and Fisher’s exact 
was used to calculate P values when comparing small fre-
quencies (less than 5). The mutations rates in the rpoB, katG, 
and inhA genes, in relation to MDR-TB–negative and MDR-
TB–positive status, were also estimated.

Ethical Considerations
Ethical approval was obtained from the Kilimanjaro Chris-
tian Medical University College Research and Ethics Commit-
tee (Certificate number 2039, April 2017). Permission from 
KIDH management was obtained from the medical officer in 
charge. All participants consented to participate in the study 
voluntarily after the study was explained to them. The pa-
tients’ confidentiality and privacy were strictly observed.

RESULTS
A total of 428 presumptive sputum specimens were collect-
ed from newly referred patients to KIDH. Of these, 100 tested 
negative for TB using Xpert MTB/RIF, and these patients were 

Characteristics n (%)

Age, years

20-30 85 (28.3)

31-40 101 (33.7)

41-50 82 (27.3)

≥50 32 (10.6)

Gender 

Female 109 (36.3)

Male 191 (63.7)

Marital status 

Single 165 (55)

Married 135 (45)

TABLE 1. Sociodemographic Characteristics 
(N=300)
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excluded from the study and treated as per routine hospital 
guidelines. Sputum smear fluorescence microscopy was car-
ried out on 328 samples, which were then cultured on LJ me-
dium. Twenty of the samples were LJ medium culture-neg-
ative, and the patients who submitted these samples were 
excluded and treated as per routine hospital guidelines. DNA 
extraction – using GenoLyse kits according to manufacturer’s 
instructions – was performed on 308 specimens that showed 
growth in AFB culture. The LiPA was performed for 308 spec-
imens, and 8 specimens returned invalid LiPA results; the pa-
tients who submitted these 8 specimens were excluded from 
the analysis and treated as per standard-of-care guidelines.

Out of the 300 patients recruited, 191 (63.7%) were male, 
and 109 (36.3%) were female. The mean patient age was 
37.5±10 years. Patients between of 20 and 40 years old were 
most affected by MDR-TB (Table 1). There were 208 (69.3%) 
isolates that had mutations conferring resistance to only ri-
fampicin (rifampicin-monoresistant) and 92 (30.7%) isolates 
that had mutations conferring resistance to both rifampicin 
and isoniazid (multidrug-resistant [MDR] isolates) (Figure 
2). The S531L mutation was observed in 182 (60.7%) of the 
isolates. Seventy-eight (26.0%) were found to have the katG 
gene mutations. Fourteen (4.7%) isolates had solitary inhA 
gene mutations (Table 2).

Prevalence and Distribution of M. tuberculosis 
Mutations by Sex 
Among the 208 LiPA-screened patients with single rpoB gene 
mutations, 141 (67.8%) were male. Among 78 (26%) patients 
whose isolates had both rpoB and katG gene mutations, 43 
(55.1%) were male. Fourteen patients (4.7%) had rpoB and 
inhA gene mutations, 8 (57.1%) of whom were male.

Rifampicin Resistance–Associated Mutations
Rifampicin resistance–associated mutations involving the 
rpoB gene were the most frequently encountered mutations 
in this study, appearing in 208 (69.3%) isolates (Table 3). 
The S531L (TCGàTTG) rpoB mutation was observed in 182 
(60.7%) isolates. The frequency of the S531L mutation in the 
rpoB gene was significantly higher among rifampicin-mon-
oresistant isolates than among MDR isolates (P<.01). Muta-
tions in the rpoB gene region encompassing codons 513 to 
519 were significantly more common among non–MDR-TB 
isolates than among MDR-TB isolates (P<.01) (Table 3).

Isoniazid Resistance–Associated Mutations
The katG 315ACC mutation was the most common isoniazid–
rifampicin multidrug resistance–associated mutation identi-
fied in this study. The S315T1 katG gene mutation – with a 
codon change of AGCàACC – occurred in 78 (84.8%) of 92 
MDR isolates detected. Mutations at the promoter region of 
the inhA gene were also detected. Overall, the 315ACC muta-
tion was found in 14 (15.2%) of the 92 MDR isolates: 7 with 
the MUT1 S315T variant (TCGàTGG), 1 with the WT 315 vari-
ant, and 6 with the WT1 C15T variant (GGCàACC) (Table 3).

DISCUSSION
The present study highlights the prevalence and distribution 
of MDR M. tuberculosis mutations in Tanzania. The majority 
patients were between 20 and 40 years old, with male patients 
predominating. The frequency of MDR-TB in this age group 
has substantial socioeconomic implications, as young adult 
males are an important component of the economically pro-
ductive population. A high MDR-TB prevalence among young 
adults has an acute impact on the national economy. TB con-
trol strategies need to set specific targets for all age groups, 
but for this group in particular. Our findings are comparable 

FIGURE 2. Prevalence and Distribution of Mutations among Mycobacterium tuberculosis Isolates by Sex
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with observations from previous studies in India, South Af-
rica, and Zimbabwe, which revealed higher rates of MDR-TB 
among youths and young adults.27-29

We found a higher prevalence of MDR-TB among men 
in our study. Although the explanations regarding differenc-
es in immunity between men and women are incomplete, 
it is generally accepted that infectious diseases rarely affect 
males and females equally.30 Females exhibit a more robust 
immune response to antigenic challenges, such as infection 
and vaccination, than males.31 This is mediated largely by sex 
hormones, the role of which – in TB – is supported by the 
fact that the male disadvantage does not arise until puber-
ty.30,32 Sex hormones have diverse effects on many immune 
cell types, including B cells, T cells, neutrophils, dendritic 
cells, macrophages, and natural killer cells.30 Other reasons 
for these gender differences may be related behavioural and 
exposure differences – including regarding social roles and 
risk behaviours, such as alcohol and tobacco consumption –  

between the sexes, which make males more likely to acquire 
TB.30,33-35 In this regard, our findings are contradictory to what 
was previously reported in Pakistan and Afghanistan, where 
TB has been reported to be more prevalent among women 
than men36; however, our results are comparable with other 
studies done in other parts of the world.30,37-42 It has been re-
ported that nearly twice as many men as women have been 
diagnosed with TB globally.43,44 These findings are relevant for 
planning different TB control strategies and programmes, es-
pecially in low-resource settings.

We found a high prevalence of rifampicin monore-
sistance determined by rpoB gene mutations. Drug resist-
ance is multifactorial and – in the presence of HIV infection, 
for example – higher rates anti-TB drug resistance could be 
attributable to HIV-associated malabsorption, mismanage-
ment of TB cases, adherence challenges and antiretroviral 
and anti-TB drug interaction.45-49 Rifampicin is the most vi-
tal drug for TB treatment; therefore, resistance to rifampicin 

Non–Multidrug-Resistant (n=208) Multidrug-Resistant (n=92)

rpoB (Monoresistance) katG and 
rpoB (n=78) rpoB and inhA (n=14)

Characteristics

MUT1, 
MUT2B, 

(S315T1), 
(H526D) 
n=5 (%)a

MUT3
(S531L) 

n=182 (%)b

WT3
(513-517) 
n=9 (%)c

WT4
(519-519) 
n=7 (%)d

WT7, WT8
n=5 (%)e

MUT1
n=78 (%)f

MUT1
n=7 (%)g

WT, WT1
n=7 (%)h

Age

20-30 2 (40%) 51 (28.02%) 1 (11.2%) 2 (28.57%) 1 (20%) 24 (30.7%) 2 (28.57%) 2 (28.57%)

31-40 1 (20%) 58 (31.9%) 4 (44.4%) 2 (28.57%) 3 (60%) 28 (35.9%) 3 (42.86%) 2 (28.57%)

41-50 2 (40%) 53 (29.1%) 0 (0%) 3 (42.86%) 1 (20%) 18 (23.1%) 2 (28.57%) 3 (42.86%)

≥50 0 (0%) 20 (0.11%) 4 (44.4%) 0 (0%) 0 (0%) 8 (10.3%) 0 (0%) 0 (0%)

Gender

Female 3 (60%) 58 (31.9%) 3 (33.3%) 3 (42.86) 1 (20%) 35 (44.9%) 2 (28.7%) 4 (57.1%)

Male 2 (40%) 124 (68.1%) 6 (66.7%) 4 (57.14%) 4 (80%) 43 (55.1%) 5 (71.3%) 3 (42.9%)

a-hFor each entry in the respective columns, the denominators are 5, 182, 9, 7, 5, 78, 7, and 7, respectively, which are counts for every mutation reported in a column 
across participant age groups and genders

TABLE 2. Prevalence and Distribution of Gene Mutations in Mycobacterium tuberculosis by Patient 
Characteristics (N=300)
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Gene

Band 
Missing 
(WT#)/
Mutation 
Present 
(MUT#)

Mutation 
or Codons 
Involved

Amino Acid 
Change

Nucleotide 
Change

Non–MDR-TB
n= 208

MDR-TB
n=92

Fisher's 
Exact 
Χ2

P Value

rpoB

MUT1 S315T1 Ser→Thr AGC→ACC 2 0 -

MUT2B H526D His→Asp CAC→GAC 3 0 -

MUT3 S531L Ser→Leu TCG→TTG 182 0 191.48 <.01

WT3 517-519 Asn→Lys AAC→AAA 9 0 5.967 .02

WT4 513-517 Lys→Phe 
Phe→His

AAA→TTC
TTC→ATG 7 0 208.232 <.01

WT7 526-529 His→Arg CAC→CGC 3 0 -

WT8 530-533 Leu533→Pro

Ser531→Leu

Ser531→Trp

CTG→CCG

TTA→TTG

(silent)

TCG→TTG

2 0 -

katG

MUT1 S315T1 Ser→Thr AGC→ACC 0 78 2229.57 <.01

inhA

MUT1 S315T Ser→Thr TCG→TGG 0 7 -

WT 315 0 1 -

WT1 C15T Cys→Thr GGC→ACC 0 6 -

TABLE 3. Prevalence and Distribution of Mutations, Amino Acid Changes, and Nucleotide Change in 
Mycobacterium tuberculosis Isolates (N=300)
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has enormous implications for TB control programmes. Our 
findings are comparable with results from a study done in 
South Africa, which reported a rise in rifampicin monore-
sistance.45,50 A study conducted to evaluate anti-TB drug re-
sistance surveillance in 19 countries reported the presence 
of rifampicin monoresistance in all of the countries.51 Ri-
fampicin resistance has often been considered as a surrogate 
marker of MDR-TB, because it is highly correlated with con-
comitant isoniazid resistance.47,52 In this regard, all patients 
with rifampicin monoresistance ought to be treated as MDR-
TB patients. Our findings, however, differed from study find-
ings from Iran and Nigeria, which failed to detect rifampicin 
monoresistance.53,54

We found a high prevalence of mutations in codon 315, 
with predominance of the ACC nucleotide sequence in the 
katG gene, which resulted in resistance to both rifampicin 
and isoniazid. This indicates that the amino acid at position 
315 of katG is prone to mutation. These results correspond 
to what other researchers have reported, and it may be at-
tributable to lifestyle factors, delays or difficulties in access-
ing health facilities, and patient immunocompromise or 
noncompliance to treatment.55,56 Mutations of the katG gene 
more strongly influence the development MDR-TB than mu-
tations of the inhA gene.57

We also observed the presence of rpoB and inhA gene 
mutations at codon 315 (S315T) and 15 (C15T) that resulted 
in resistance to both rifampicin and isoniazid. Our findings 
are comparable with those of other studies, whereby it has 
been reported that mutations at the katG-315, rpoB-531, and 
inhA-15 positions are associated with high rates of isonia-
zid-resistant TB.11,27 Furthermore, other studies have report-
ed that mutations in codon 315 and the promoter region of 
the inhA gene are the most common and are associated with 
isoniazid resistance.14,55 These observations suggested that 
repeated administration of the same anti-TB drugs increases 
the risk of resistance, including multidrug resistance.

CONCLUSION
The most frequently detected mutations in our study were 
the S531L rpoB mutation, the S315T1 katG mutation, and 
the S315T mutation in the promoter region of the inhA gene. 
MDR-TB control strategies require an understanding of the 
evolution of these mutations. Further studies to evaluate 
these mutations in detail would increase our understanding 
of the epidemiology and transmission dynamics of drug-re-
sistant M. tuberculosis in Tanzania to inform the planning, 
design, and implementation of innovative TB control strat-
egies.
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ABSTRACT 
Background: Globally, over 325 and 170 million people are infected with hepatitis B virus (HBV) and hepatitis C virus (HCV), 
respectively. If untreated, these infections can progress to cirrhosis or hepatocellular carcinoma. The primary aim of this study 
was to determine the prevalence, genetic diversity, and factors associated with HBV and HCV among couples attending an-
tenatal care in rural Rwanda.
Methods: This was a cross-sectional survey of HBV and HCV seroprevalence. Study participants were administered a brief 
structured questionnaire to obtain information on sociodemographic and behavioural risk factors for HBV and HCV. Partici-
pant blood samples were screened for hepatitis B surface antigen (HBsAg) and anti-HCV antibodies (anti-HCV) using rapid 
diagnostic kits; confirmatory testing was done by enzyme immunoassay and nucleic acid tests. HBV genotypes were deter-
mined using nested polymerase chain reaction; HCV genotypes were determined by reverse transcriptase PCR followed by 
hybridisation with sequence-specific oligonucleotides. Statistical associations between risk factors and infection status were 
determined using Chi-square tests and bivariate logistic regression.
Results: In total, 220 individuals participated in the study. This includes 110 pregnant women and 110 male partners who 
were attending antenatal care at Gitare and Cyanika health centres. Two participants (0.9%) had serological evidence of HBV 
infection, and 4 participants (1.8%) were infected with HCV. HBV genotype A accounted for all HBV infections; HCV geno-
type 4 accounted for all HCV infections. None of the assessed factors were associated with HBV infection while occupation 
type and scarification were significantly associated with HCV infection (P values were .03 and <.01 respectively). All cases of 
infection were discordant with their respective partners.
Conclusion: Prevalence rates of HBsAg and anti-HCV are low in couples attending antenatal clinics in rural Rwanda. Con-
sideration should be given to interventions aimed at reducing the risk of transmission in discordant couples and infants of 
infected mothers.
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INTRODUCTION

Globally, hepatitis B and C viral infections account 
for a considerable proportion of morbidity and 

mortality from liver disease. In 2015, an estimated 257 
million individuals worldwide had chronic hepatitis B 
virus (HBV) infection, leading to approximately 887,000 
deaths.1 During the same period around 71 million 
people were chronically infected with hepatitis C vi-
rus (HCV); each year approximately 1.7 million people 
are newly infected with HCV and 400,000 HCV-related 
deaths occur.1

Prevalence rates of HBV and HCV vary widely be-
tween world regions and countries.2 Hepatitis B surface 

antigen (HBsAg), a marker of active infection, has a 
prevalence rate >8% in several African countries, includ-
ing Nigeria, Namibia, Gabon, Cameroon and Burkina 
Faso. HBsAg prevalence is intermediate (2%-8%) in Ken-
ya, Zambia, Ivory Coast, Liberia, Sierra Leone, Senegal 
and Rwanda, and low (<2%) in North Africa.3,4 Survey 
data indicate that HBsAg prevalence in Rwanda is 1.9% 
to 3.2% among blood donors and 3.7% among pregnant 
women attending antenatal clinics.5 Based on studies of 
small patient groups and data from neighbouring coun-
tries, in Rwanda, the prevalence of anti-HCV antibodies 
(anti-HCV) is estimated to be 3.1% in the general popu-
lation and 4.7% among people living with HIV.6-8
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Globally, in 2015, there was an estimated 1.75 million 
new HCV infections. The availability of effective antiviral 
treatment has revolutionised treatment prospects, although 
access to treatment remains a significant challenge for most 
developed countries and remains out of reach for developing 
nations. However, the incorporation of hepatitis B immuni-
sation into the expanded immunisation programmes has led 
to substantial decreases in chronic hepatitis B infection rates 
in children.9,10

In addition to variations in prevalence, HBV and HCV 
display genotypic diversity between world regions and coun-
tries. HBV has 10 well-described genotypes (A to H), and 2 
genotypes that are tentatively defined according to their ge-
nome divergences (I and J).11-13 People infected with HBV 
genotypes A or C are at a higher risk of progressing to chronic 
hepatitis than those exposed to genotypes D and B; neverthe-
less, all genotypes can lead to acute or chronic infections.14 
In Africa, genotype A predominates in Southern and East-
ern Africa, genotype D predominates in northern Africa, and 
genotype E predominates in the vast region from Senegal to 
Namibia and eastward to the Central African Republic.3 In 
Rwanda, HBV genotypes A, B, C, D and E have been report-
ed.6,15 HCV has 6 well-described genotypes (1 to 6)16,17 and 5 
genotypes that are tentatively defined (7 to 11).11-13 Genotype 
1 accounts for about 46% of all HCV infections, genotype 3 
accounts for about 30% of HCV infections, and genotypes 2, 
4, 5, 6 collectively account for about 24% of HCV infections.18 
Recent studies have correlated the different HCV genotypes 
with varying levels of risk of disease progression and varying 
responses to antiviral therapy.19,20 In Rwanda, HCV genotypes 
1 and 4 predominate.6,15,21

To reduce the burden of HBV-associated liver disease, 
in 2002 Rwanda introduced universal administration of the 
HBV vaccine in neonates; thus, most youth born from 2002 
onwards are protected from HBV infection. However, peri-
natal transmission, which accounts for the majority of HBV 
transmission worldwide, continues to occur in Rwanda.22,23 
In adults, sexual transmission and risky behaviour, includ-
ing injection drug use, tattooing, body piercing, and scarifi-
cation without using sterilised equipment are also routes of 
HBV transmission.24,25 Routes of ongoing HCV transmission in 
Rwanda remain unknown, but prevalent cases are thought 
to have resulted from unsafe injection and blood transfusion 
practices in earlier eras.21

In 2012, Rwanda initiated a viral hepatitis B and C con-
trol programme. The programme was intensified in 2015 with 
the introduction of more efficacious treatments for HCV. For 
Rwandans chronically infected with HBV, tenofovir and ente-
cavir are available at all public health facilities offering HIV 
services.26 These drugs have been shown to suppress HBV 
viral replication and prevent disease progression and subse-
quent mortality. For treatment of HCV infection, ribavirin, le-
dipasvir, daclatasvir and Harvoni (ledipasvir + sofosbuvir) are 
being used.26 The programme includes primary prevention 
activities to reduce infection by increasing awareness of HBV 

and HCV in the general and high-risk populations. Second-
ary and tertiary prevention activities focus on early detection 
of HBV and HCV, timely treatment to prevent progression to 
liver disease, and targeted HBV vaccination of high-risk pop-
ulations.26

National guidelines recommend screening and treatment 
of hepatitis infections in pregnant women and their part-
ners.26 There are 2 separate rapid diagnostic tests routinely 
implemented: 1 designed to detect HBsAg for HBV screening 
and another to detect anti-HCV antibody for HCV screening.  
However limited implementation of these guidelines has un-
dermined the efficiency of universal neonatal HBV immuni-
sation, which is normally given at 6 weeks of age, but is giv-
en within 24 hours of birth in combination with hepatitis B 
immunoglobulin when the mother is recognised to be HBV 
positive.25,27

We conducted the current study to provide data on 
prevalence rates, genotypes and risk factors for HBV and 
HCV infection in couples attending antenatal clinics in rural 
Rwanda. These data may inform the country’s viral hepatitis 
disease control programme, aimed at reducing perinatal and 
sexual transmission.

METHODS

Study Design and Setting
We conducted a cross-sectional study from August 2017 to 
February 2018 to assess the prevalence and genetic diversity 
of HBV and HCV among couples attending antenatal clinics 
in rural Rwanda. The study was carried out at 2 randomly 
chosen health centres, Gitare and Cyanika, located in Burera 
District, Northern Rwanda; these health centres serve a popu-
lation of 57,805 people28 and are adjacent to borders of Ugan-
dan and Democratic Republic of Congo border. 

Sample Size
We determined the minimum sample size using Fisher’s for-
mula for cross-sectional studies,29 assuming an HBsAg prev-
alence rate of 5%6 and an anti-HCV prevalence rate of 4%.27 
The minimum sample size was estimated by Fisher’s formula 
expressed as samples size (SS) = [Z2 P(100-P)]/ ɛ2, where, Z is 
the value (1.96 for 95% confidence level [CI]), P represents, 
and ɛ is the minimal tolerable error at 95% CI, expressed as a 
decimal (0.05). This formula yielded a minimum sample size 
of 73. To increase precision, an anticipated design effect of 3 
was applied to yield a final sample of 220.

Data Collection and Diagnostic Procedures
Participants were recruited as couples during routine ante-
natal clinic visits. Participants were consecutively recruited 
from antenatal clinics; only those who met the enrolment cri-
teria were invited to participate in the study.

Couples were recruited at health centres. Inviting men 
to accompany women to antental clinic is considered an im-
portant strategy for reducing maternal morbidity and mor-
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tality by enabling couples to sufficiently prepare for birth and 
avoid care-seeking delays for obstetric emergencies. Pres-
ently, Rwanda records a distinctly high number of attending 
partners – 87% at the first visit – resulting from previous cam-
paigns done by community health workers.30 We excluded 
couples who had a prior history of HBV vaccination as well as 
couples in which at least 1 partner was undergoing treatment 
for HBV or HCV infection.

After obtaining written informed consent, study partici-
pants were administered a structured one-on-one interview 
to obtain information on sociodemographic factors, medical 
history and risk factors for HBV and HCV. A 5 ml venous blood 
sample was collected for HBV and HCV screening by rap-
id diagnostic test (RDT), confirmatory testing and genotype 

analysis. RDT results were communicated back to the study 
participants within 45 minutes of blood collection; confirmed 
results were communicated to participants. Participants with 
a confirmed positive test result for HBV or HCV were coun-
selled and referred to hospital for clinical management. The 
unused portions of the samples were transported to Kigali to 
retest the same samples using advanced diagnostic tests (en-
zyme-linked immunosorbent assay for HBV and polymerase 
chain reaction [PCR] for HCV), as recommended by national 
guidelines. All positives samples were also positive upon re-
testing, and we invited those who were confirmed positive 
to provide another 5 ml of blood for genotype testing (as 
the manufacturers' instructions recommended whole fresh 
blood samples). The genotypes results were available after 

Variables
HBsAg

Detected 
n (%)

P Value
Anti-HCV
Detected 

n (%)
P Value

Age, years

18-30 129 1 (0.8) .88 1 (0.8) .84

31-40 72 1 (1.4) 3 (4.2)

41-50 16 0 (0.0) 0 (0.0)

>51 3 0 (0.0) 0 (0.0)

Gender

Male 110 1 (0.9) .75 2 (1.8) .68

Female 110 1 (0.9) 2 (1.8)

Education level

None 48 1 (2.0) .74 1 (2.0) .07

Primary 120 1 (0.8) 1 (0.8)

Secondary 41 0 (0.0) 0 (0.0)

Tertiary 11 0 (0.0) 2 (18.2)

Occupation

Not employed 132 2 (1.5) .71 1 (0.8) .04

Private sector 13 0 (0.0) 1 (7.7)

Public sector 8 0 (0.0) 1 (12.5)

Self-employed 67 0 (0.0) 1 (1.5)

TABLE 1. Distribution of Hepatitis B Surface Antigen and Anti-HCV Seroprevalence Rates Across 
Sociodemographic Characteristics
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one month and were communicated to the respective partic-
ipants.

RDT screening for HBsAg was done using Cypress Diag-
nosis anti-HBsAg Dipstick, Langdorp, Belgium;31 RDT screen-
ing for hepatitis C virus IgG (anti-HCV) was done using SD 
BIOLINE HCV One Step Hepatitis C Virus Test (Standard Diag-
nostics Inc., Korea).32 RDT results were confirmed by enzyme 
immunoassay (EIA) using the Murex HBsAg kit (version 3; 
Murex Biotech, Dartford, Kent, United Kingdom).33 Confirmed 
HBV-positive samples were genotyped using hybridisation 
with sequence-specific oligonucleotides. The PCR products 
were electrophoresed on 2% agarose gels stained with ethid-
ium bromide and examined under UV light using the Bio-Rad 
Gel Doc 2000 System (Bio-Rad Laboratories, Segrate, Milan, 
Italy).34 For HCV positive samples, viral load and genotype 
were determined by the reverse transcriptase-PCR (RT-PCR) 
followed by hybridisation with sequence-specific oligonu-
cleotides.35 HCV RNA was extracted by using the QIAamp 
DSP virus kit in combination with the QIAvac 24 Plus vac-
uum system (Qiagen GmbH, Hilden, Germany). Probes were 
bound to a nitrocellulose strip by a poly (T) tail.36 All labora-
tory assays were carried out according to the manufacturer’s 
instructions. 

Data Processing and Statistical Analysis
Study data were double entered into Microsoft Excel, cleaned, 
and validated. The data was exported into IBM SPSS for Win-
dows version 20.0 (IBM Corp, Armonk, NY, USA) for analysis. 
Descriptive statistics were used to summarise the sociode-
mographic and behavioural characteristics of study partici-
pants. Seroprevalence of HBV and HCV was expressed as a 
percentage of the entire study population. Chi-square tests 
and bivariate logistic regression were used to assess associ-
ations between dependent and independent variables. Odds 
ratios were estimated at a 95% confidence interval; statistical 
significance was set at a P value <0.05.

Ethical Approval
Ethical clearance for the study was obtained from the Insti-
tutional Review Board of the College of Medicine and Health 
Sciences of the University of Rwanda (Reference number 
311/ CMHS/2017). Documentation of ethical clearance was 
presented to research sites administration before starting 
data collection. 

RESULTS
A total of 220 participants were recruited into the study, of 
whom 110 were male (50%) and 110 female (50%). The mean 
age of female and male study participants was 30.26 and 
30.24 years, respectively (data not shown). The level of edu-
cation among participants was generally low: 53.6% had only 
completed primary education (Table 1). Eighteen per cent of 
men and 42% of women were unemployed (data not shown). 

Two participants (0.9%) including 1 female from Gitare 
and 1 male from Cyanika had a confirmed HBV infection. 

Variables Participants
n

Anti-HCV
Detected

n (%)
P Value

Knowledge of HCV infection

Yes 30 1 (3.3) .50

No 190 3 (1.5)

Intravenous user

Yes 11 0 (0.0)

No 209 4 (1.9)

Multiple sex partners

Yes 40 2 (5.0)

No 180 2 (1.1) .09

History of scarification

Yes 21 2 (9.5)

No 199 2 (1.0) <.01

History of body piercing

Yes 2 0 (0.0)

No 216 4 (1.9) .84

History of tattooing

Yes 3 0 (0.0)

No 217 4 (1.8) .81

Ever had blood transfusion

Yes 11 0 (0.0)

No 209 4 (1.9) .64

Ever had hospital admission

Yes 80 1 (1.3)

No 140 3 (2.1) .68

TABLE 2. Distribution of HCV Infection Across 
Behavioural and Medical History Factors

Continued
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Four participants (1.8%), including 2 females from Cyanika 
health centre and 2 males (1 from Gitare and another from 
Cyanika health centre) had confirmed HCV infection. All HBV 
and HCV infections were discordant to their respective part-
ners. Two HBsAg positives cases were due to HBV genotype A; 
all 4 cases of HCV were due to genotypes 4. 

In univariate analysis, HCV prevalence varied significant-
ly by occupational group. HCV infection occurred in 12.5% of 
participants employed in the public sector and 7.7% of par-
ticipants employed in the private sector, compared to <2% of 
participants who were self-employed or unemployed (Table 
1). HCV infection was significantly associated with scarifica-
tion (Table 2). 

DISCUSSION
To our knowledge, ours is among the first studies to assess 
the prevalence and genetic diversity of HBV and HCV among 
couples attending antenatal care in rural Rwanda. We ob-
served an HBsAg prevalence rate of 0.9% and an anti-HCV 
prevalence rate of 1.8% among study participants. This cor-
responds to the World Health Organization’s definition of low 
HBV endemicity.37 Genotypic analysis of viral types revealed 
that genotype A represented all confirmed HBV infections, 
while genotype 4 represented all confirmed HCV infections. 
No demographic or behavioural factors were associated with 

HBV status. However, HCV infection was associated with oc-
cupational group and history of scarification. 

We compared results of the present study with similar 
studies, finding that others report substantially higher prev-
alence rates of HBsAg among non-pregnant adults. Studies 
from Rwanda report that the prevalence of HBsAg was 2.9% 
in health care workers38 and 2.5% in commercial sex work-
ers.39 Surveys of HIV-infected adults from urban Uganda and 
Western Kenya report HBsAg prevalence rates of greater than 
4%.40,41 These differences may be explained by the low-risk 
profile of our study’s rural participants, compared to that of 
population groups known to be at elevated risk of HBV trans-
mission. However, rural status and pregnancy have not con-
sistently been associated with a low risk of HBV. Although in 
Uganda, polygamous pregnant women had an HBsAg prev-
alence rate of 0.9%42; other studies of pregnant women from 
rural African settings report HBsAg prevalence rates ranging 
from 3.8% to 12.7%.43,44 A study from Kenya reported an HBsAg 
prevalence rate of 2.1% in adult residents of a rural area.45

Reports of HCV prevalence in Rwanda vary markedly. 
Our finding of an HCV prevalence rate of 1.8% is substantially 
lower than other surveys conducted in Rwanda, which report 
HCV prevalence rates of 3.1% in the general population, 4.7% 
in HIV-infected adults and 9.6% in patients attending Rwanda 
Military Hospital.7,21,39,46 However our findings are consistent 
with the HCV prevalence rates of 1.3% and 1.4% reported in 
Rwandan health care workers40 and commercial sex work-
ers,39 respectively. We conjecture that these variations in HCV 
infection rates within Rwanda reflect the tendency of HCV to 
cluster within population subgroups and geographic areas. 

We found that all individuals infected with HBV or HCV, 
were discordant to their respective partners, a finding which 
has been reported elsewhere. In China, 11.4 % of rural cou-
ples who planned to conceive were affected by HBV infection 
and most of these infections were discordant.47 Discordance 
in HBV and HCV infection status may expose seronegative 
partners to infection, and may be an area where targeted 
vaccination could be employed. However, numerous large 
prospective cohort studies did not show an increased risk for 
HCV transmission among heterosexual discordant couples 
(married or stable partners), even after 10 or more years of 
observation.48

In our study, all HBV infections were due to HBV geno-
type A. This is consistent with surveys conducted in Rwandan 
adults and blood donors, which found the majority of HBV 
infections in Rwanda were due to genotype A.6,15 In the East 
African sub-region, HBV infections have been attributed to a 
genotypes A, B, C, D, E and H,44,49-51 but HBV genotypes A and 
D predominate.11,52

In our study, HCV genotype 4 was the only one identified in 
confirmed HCV infections, which is consistent with a report on 
hepatitis care referral patients from Rwanda, in whom 96.7% 
HCV infections were due to HCV genotype 4.53 A recent phy-
logenetic analysis of HCV infection in Rwandan blood donors 
demonstrated the predominance of genotype 4 subtypes 4k, 4q, 
and 4r, with no geographical difference in their distribution.54

Variables Participants
n

Anti-HCV
Detected

n (%)
P Value

Ever had tooth extracted

Yes 27 1 (3.7)

No 193 3 (1.6) .43

Ever had surgery

Yes 17 1 (5.9) .19

No 203 3 (1.5)

Ever catheterised

Yes 19 1 (5.3)

No 201 3 (1.5) .24

Ever consumed alcohol

Yes 83 3 (3.6)

No 137 1 (0.7) .12

TABLE 2. Continued
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We assessed whether sociodemographic and behavioural 
factors were associated with occurrence of HBV and HCV in-
fection in our cohort. We found that none of the factors eval-
uated predicted HBsAg seropositivity, but that occupation 
type was associated with risk of HCV infection, which had 
the highest frequency in participants employed in the public 
and private sectors. Our finding that HCV infection was asso-
ciated with occupation type but not with other factors part-
ly accords with what has previously been reported. Studies 
from Africa have found that increased risk of HCV infection 
is associated with X,Y, sharing personal belongings54 and oc-
cupation types that involve exposure related to blood.55 Our 
study did not examine occupational activities, so we were 
unable to assess if the association between HCV infection 
and occupation type in our cohort was due to occupational 
exposures to blood or other job-related factors.

Limitations
This study had several limitations. The small sample size and 
the low occurrence of HBV and HCV infection in study par-
ticipants may have reduced the statistical power to detect as-
sociations between purported risk factors and infection. Our 
HBV and HCV genotype analyses were based on a few cases, 
and, therefore, may not have accurately reflected the gener-
al population’s genotypic diversity. Finally, study inclusion 
criteria required that both the male and female partners be 
enrolled in the study. This may limit the generalisability of 
study findings to individuals who are in a stable sexual part-
nership. 

CONCLUSION
Our study revealed low prevalence rates of HBV and HCV in 
couples attending antenatal clinics in rural Rwanda. Consis-
tent with other data from Rwanda and the sub-region, HBV 
genotype A and HCV genotype 4, accounted for all confirmed 
infections. All individuals infected with HBV or HCV were 
discordant with their respective partners. We recommend 
that larger studies of HBV and HCV prevalence be conduct-
ed in childbearing couples to obtain precise estimates of the 
prevalence, genetic diversity and risk factors associated with 
these infections. Such studies will inform targeted preven-
tive measures, especially those aimed at reducing risk among 
children born to infected mothers.

Acknowledgements: The authors wish to thank Dr Geldine Chironda, for invaluable 
advice and time dedicated to the data analysis process, the staff of Gitare and 
Cyanika health centres for their enthusiasm and assistance in recruitment of study 
participants. Many thanks to the pregnant women and their respective partners who 
accepted to participate in this study.

REFERENCES
1. World Health Organization (WHO). Global Hepatitis Report. Geneva: WHO; 

2017. https://www.who.int/hepatitis/publications/global-hepatitis-re-
port2017/en/. Accessed 13 Mar 2019.

2. Eke AC, Eke UA, Okafor CI, Ezebialu IU, Ogbuagu C. Prevalence, correlates 
and pattern of hepatitis B surface antigen in a low resource setting. Virol J. 
2011;8(1):12. CrossRef. Medline

3. Kramvis A, Kew MC. Epidemiology of hepatitis B virus in Africa, its genotypes 
and clinical associations of genotypes. Hepatol Res. 2007;37(s1):S9-S19. 
CrossRef. Medline

4. Zampino R, Boemio A, Sagnelli C, et al. Hepatitis B virus burden in develop-
ing countries. World J Gastroenterol. 2015;21(42):11941-11953. CrossRef. 
Medline

5. Ministry of Health [Republic of Rwanda]. National Policy on Viral Hepatitis 
Prevention and Management in Rwanda. Kigali, Rwanda: Ministry of Health; 
2015.

6. Twagirumugabe T, Swaibu G, Walker TD, et al. Hepatitis B virus strains from 
Rwandan blood donors are genetically similar and form one clade within 
subgenotype A1. BMC Infect Dis. 2017;17:32. CrossRef. Medline

7. Riou J, Ait Ahmed M, Blake A, et al. Hepatitis C virus seroprevalence in adults 
in Africa: a systematic review and meta-analysis. J Vir Hep. 2016;23(4):244-
255. CrossRef. Medline

8. Umutesi J, Simmons B, Makuza JD, et al. Prevalence of hepatitis B and C 
infection in persons living with HIV enrolled in care in Rwanda. BMC Infect Dis. 
2017;17:315. CrossRef. Medline

9. Locarnini S, Hatzakis A, Chen DS, Lok A. Strategies to control hepatitis B: 
public policy, epidemiology, vaccine and drugs. J Hepatol. 2015;62(1 sup-
pl):S76-86. CrossRef. Medline

10. World Health Organization (WHO). Global Health Sector Strategy on Viral 
Hepatitis 2016-2021. Geneva: WHO; 2016. https://www.who.int/hepatitis/
strategy2016-2021/ghss-hep/en/. Accessed 21 March 2019.

11. Sunbul M. Hepatitis B virus genotypes: Global distribution and clinical impor-
tance. World J Gastroenterol. 2014;20(18):5427-5434. CrossRef. Medline

12. Moriishi K, Matsuura Y. Mechanisms of hepatitis C virus infection. Antivir 
Chem Chemother. 2003;14(6):285-297. CrossRef. Medline

13. Nouroz FS, Shaheen S, Mujtaba G, Noreen S. An overview on hepatitis C 
virus genotypes and its control. Egypt J Med Hum Gene. 2015;16(4):291-298. 
CrossRef

14. Guettouche T, Hnatyszyn HJ. Chronic hepatitis B and viral genotype: the clini-
cal significance of determining HBV genotypes. Antivir Ther. 2005;10(5):593-
604. Medline

15. Hubschen JM, Mugabo J, Peltier CA, et al. Exceptional genetic variability of 
hepatitis B virus indicates that Rwanda is east of an emerging African geno-
type E/A1 divide. J Med Virol. 2009;81(3):435-440. CrossRef. Medline

16. Ganem D, Prince AM. Hepatitis B virus infection – natural history and clinical 
consequences. N Engl J Med. 2004;350(11):1118-1129. CrossRef. Medline

17. Lin CL, Kao JH. Hepatitis B virus genotypes and variants. Cold Spring Harb 
Perspect Med. 2015;5(5):a021436. CrossRef. Medline

18. Messina JP, Humphreys I, Flaxman A, et al. Global distribution and prevalence 
of hepatitis C virus genotypes. Hepatology. 2015;61(1):77-87. CrossRef. 
Medline

19. Lee CM, Hung CH, Lu SN, Changchien CS. Hepatitis C virus genotypes: clinical 
relevance and therapeutic implications. Chang Gung Med J. 2008;31(1):16-
25. Medline

20. Polaris Observatory HCV Collaborators. Global prevalence and genotype 
distribution of hepatitis C virus infection in 2015: a modelling study. Lancet 
Gastroenterol Hepatol. 2017;2(3):161-176. CrossRef. Medline

21. Mbituyumuremyi A, Van Nuil JI, Umuhire J, et al. Controlling hepatitis C in 
Rwanda: a framework for a national response. Bull World Health Organ. 
2018;96(1):51-58. CrossRef. Medline

22. Walker TD, Musabeyezu E. Hepatitis B in Rwanda: closing the gaps to end an 
epidemic. Rwanda J Ser F Med Health Sci. 2015;2(1):77-79. CrossRef

23. Gatera M, Bhatt S, Ngabo F, et al. Successive introduction of four new vac-
cines in Rwanda: high coverage and rapid scale up of Rwanda's expanded 
immunization program from 2009 to 2013. Vaccine. 2016;34(29):3420-
3426. https://doi.org/10.1016/j.vaccine.2015.11.076. https://www.ncbi.
nlm.nih.gov/pubmed/26704259

24. Nelson NP, Easterbrook PJ, McMahon BJ. Epidemiology of Hepatitis B Virus In-
fection and Impact of Vaccination on Disease. Clin Liver Dis. 2016;20(4):607-
628. CrossRef. Medline

25. Franco E, Bagnato B, Marino MG, Meleleo C, Serino L, Zaratti L. Hepati-
tis B: Epidemiology and prevention in developing countries. World J Hep. 
2012;4(3):74-80. CrossRef. Medline

http://www.eahealth.org
https://www.who.int/hepatitis/publications/global-hepatitis-report2017/en/
https://www.who.int/hepatitis/publications/global-hepatitis-report2017/en/
https://doi.org/10.1186/1743-422X-8-12
https://doi.org/10.1111/j.1872-034X.2007.00098.x
https://www.ncbi.nlm.nih.gov/pubmed/17627641
https://doi.org/10.3748/wjg.v21.i42.11941
https://www.ncbi.nlm.nih.gov/pubmed/26576083
https://doi.org/10.1186/s12879-016-2149-z
https://www.ncbi.nlm.nih.gov/pubmed/28056881
https://doi.org/10.1111/jvh.12481
https://www.ncbi.nlm.nih.gov/pubmed/26477881
https://doi.org/10.1186/s12879-017-2422-9
https://www.ncbi.nlm.nih.gov/pubmed/28464899
https://www.who.int/hepatitis/strategy2016-2021/ghss-hep/en/
https://www.who.int/hepatitis/strategy2016-2021/ghss-hep/en/
https://doi.org/10.3748/wjg.v20.i18.5427
https://www.ncbi.nlm.nih.gov/pubmed/24833873
https://doi.org/10.1177/095632020301400601
https://www.ncbi.nlm.nih.gov/pubmed/14968935
https://doi.org/10.1016/j.ejmhg.2015.05.003
https://doi.org/10.1002/jmv.21412
https://www.ncbi.nlm.nih.gov/pubmed/19152415
https://doi.org/10.1056/NEJMra031087
https://www.ncbi.nlm.nih.gov/pubmed/15014185
https://doi.org/10.1101/cshperspect.a021436
https://www.ncbi.nlm.nih.gov/pubmed/25934462
https://doi.org/10.1002/hep.27259
https://www.ncbi.nlm.nih.gov/pubmed/25069599
https://www.ncbi.nlm.nih.gov/pubmed/18419050
https://doi.org/10.1016/S2468-1253(16)30181-9
https://www.ncbi.nlm.nih.gov/pubmed/28404132
https://doi.org/10.2471/BLT.16.183772
https://www.ncbi.nlm.nih.gov/pubmed/29403100
https://doi.org/10.1016/j.cld.2016.06.006
https://www.ncbi.nlm.nih.gov/pubmed/27742003
https://doi.org/10.4254/wjh.v4.i3.74
https://www.ncbi.nlm.nih.gov/pubmed/22489259


Prevalence and Diversity of Hepatitis B and C in Rwanda www.eahealth.org

East Africa Science 2019 | Volume 1 | Number 1 29

43. Bayo P, Ochola E, Oleo C, Mwaka AD. High prevalence of hepatitis B virus 
infection among pregnant women attending antenatal care: a cross-sectional 
study in two hospitals in northern Uganda. BMJ Open. 2014;4(11):e005889. 
CrossRef. Medline

44. Mirambo MM, Mbena PB, Mushi MF, et al. Prevalence of hepatitis B surface 
antigen among pregnant women attending antenatal clinic at Nyamagana 

District Hospital Mwanza, Tanzania. Tanzan J Health Res. 2016;18(1):18-27. 
CrossRef

45. Ly KN, Kim AA, Umuro M, et al. Prevalence of hepatitis B virus infection in 
Kenya, 2007. Am J Trop Med Hyg. 2016;95(2):348-353. CrossRef. Medline

46. Umumararungu E, Ntaganda F, Kagira J, Maina N. Prevalence of hepatitis C 
virus infection and its risk factors among patients attending Rwanda Military 
Hospital, Rwanda. BioMed Res Int. 2017;2017:5841272. CrossRef. Medline

47. Zhang L, Wang YY, Huang YJ, et al. Status of HBsAg seroprevalence in 15 
million rural couples in China: a cross-sectional study. Sci Rep. 2017;7:42822. 
CrossRef. Medline

48. Tohme RA, Holmberg SD. Is sexual contact a major mode of hepatitis C virus 
transmission? Hepatology. 2010;52(4):1497-1505. CrossRef. Medline

49. Kilonzo SB, Gunda DW, Mpondo BCT, Bakshi FA, Jaka H. Hepatitis B 
virus infection in Tanzania: current status and challenges. J Trop Med. 
2018;2018:4239646. CrossRef. Medline

50. Zirabamuzale JT, Opio CK, Bwanga F, et al. Hepatitis B virus genotypes A and 
D in Uganda. J Virus Erad. 2016;2(1):19-21. Medline

51. Ochwoto M, Kimotho JH, Oyugi J, et al. Hepatitis B infection is highly 
prevalent among patients presenting with jaundice in Kenya. BMC Inf Dis. 
2016;16:101. CrossRef. Medline

52. Croagh CM, Desmond PV, Bell SJ. Genotypes and viral variants in chronic 
hepatitis B: A review of epidemiology and clinical relevance. World J Hepatol. 
2015;7(3):289-303. CrossRef. Medline

53. GBD 2013 Mortality and Causes of Death Collaborators. Global, regional, 
and national age-sex specific all-cause and cause-specific mortality for 240 
causes of death, 1990-2013: a systematic analysis for the Global Burden of 
Disease Study 2013. Lancet. 2015;385(9963):117-171. CrossRef. Medline

54. Alswaidi FM, O’Brien SJ. Is there a need to include HIV, HBV and HCV viruses 
in the Saudi premarital screening program on the basis of their prevalence and 
transmission risk factors? J Epidemiol Community Health. 2010;64(11):989-
997. CrossRef. Medline

55. Lee JH, Cho J, Kim YJ, et al. Occupational blood exposures in health care 
workers: incidence, characteristics, and transmission of bloodborne pathogens 
in South Korea. BMC Public Health. 2017;17:827. CrossRef. Medline

26. Ministry of Health [Republic of Rwanda]. National Guidelines for the Preven-
tion and Management of Viral Hepatitis B and C in Rwanda. Kigali, Rwanda: 
Ministry of Health; 2015. http://www.rbc.gov.rw/IMG/pdf/national_guide-
lines_for_the_prevention_and_management_of_viral_hepatitis_b_and_c_-_fi-
nal_signed.pdf. Accessed 21 March 2019.

27. Nsanzimana S, Kirk CM, Uwizihiwe JP, Bucher HC. Increasing access to hep-
atitis C treatment in Rwanda: the promise of Rwanda’s existing HIV infrastruc-
ture. J Infect Dis Ther. 2015;3:245. CrossRef

28. National Institute of Statistics [Republic of Rwanda]. District Profile; Kigali, 
Rwanda: National Institute of Statistics; 2012.

29. Fisher LD. Self-designing clinical trials. Stat Med.1998;17(14):1551-1562. 
Medline

30. Jennings L, Na M, Cherewick M, Hindin M, Mullany B, Ahmed S. Women's 
empowerment and male involvement in antenatal care: analyses of Demo-
graphic and Health Surveys (DHS) in selected African countries. BMC Pregnan-
cy Childbirth. 2014;14:297. CrossRef. Medline

31. Cypress Diagnostics. HBsAg Dipstick: Immunochromatographic Assay for 
the Detection of HBsAg in Serum or Plasma. Langdorp, Belgium: Cypress 
Diagnostics; 2010. http://www.genius-diagnostics.al/pdf/HBsAgdipstick.pdf. 
Accessed 13 March 2019.

32. Khuroo MS, Khuroo NS, Khuroo MS. Accuracy of rapid point-of-care diagnos-
tic tests for hepatitis B surface antigen – a systematic review and meta-analysis. 
J Clin Exp Hepatol. 2014;4(3):226-240. CrossRef. Medline

33. DiaSorin. Murex HBsAg Confirmatory Version 3: ELISA Infectious Disease. 
Saluggia, Italy: DiaSorin S.p.A; 2014. https://www.diasorin.com/sites/
default/files/allegati_prodotti/Murex%20HBsAG%20Confirmatory%20Ver-
sion%203.pdf. Accessed 13 March 2019.

34. Wang X, Xu L, Chen Y, et al. Integrating nested PCR with high-throughput se-
quencing to characterize mutations of HBV genome in low viral load samples. 
Medicine (Baltimore). 2017;96(30):e7588. CrossRef. Medline

35. Athar MA, Xu Y, Xie X, et al. Rapid detection of HCV genotyping 1a, 1b, 2a, 
3a, 3b and 6a in a single reaction using two-melting temperature codes by 
a real-time PCR-based assay. J Virol Methods. 2015;222:85-90. CrossRef. 
Medline

36. Verbeeck J, Stanley MJ, Shieh J, et al. Evaluation of Versant hepatitis C virus 
genotype assay (LiPA) 2.0. J Clin Microbiol. 2008;46(6):1901-1906. Cross-
Ref. Medline

37. World Health Organization (WHO). Guidelines for the Prevention, Care and 
Treatment of Persons with Chronic Hepatitis B Infection. Geneva: WHO; 2015. 
https://www.who.int/hiv/pub/hepatitis/hepatitis-b-guidelines/en/. Accessed 
13 March 2019.

38. Kateera F, Walker TD, Mutesa L, et al. Hepatitis B and C seroprevalence 
among health care workers in a tertiary hospital in Rwanda. Trans R Soc Trop 
Med Hyg. 2015;109(3):203-208. CrossRef. Medline

39. Mutagoma M, Nyirazinyoye L, Sebuhoro D, Riedel DJ, Ntaganira J. Syphilis 
and HIV prevalence and associated factors to their co-infection, hepatitis B and 
hepatitis C viruses prevalence among female sex workers in Rwanda. BMC Inf 
Dis. 2017;17:525. CrossRef. Medline

40. Rusine J, Ondoa P, Asiimwe-Kateera B, et al. High seroprevalence of HBV 
and HCV infection in HIV-infected adults in Kigali, Rwanda. PLoS One. 
2013;8(5):e63303. CrossRef. Medline

41. Oketch DCO, Kaguiri E, Murgor N, et al. Prevalence and determinants of 
hepatitis B virus (HBV) infection in a cohort of HIV-1 discordant couples 
in Western Kenya: implications for HIV care. AIDS Res Hum Retroviruses. 
2014;30(S1):A280. CrossRef

42. Oluboyo BO, Ugochukwu VI, Oluboyo AO, et al. Prevalence of hepatitis B 
and C viral infections in pregnant women attending antenatal clinic In Nnewi, 
Nigeria. Eur Sci J. 2014;10(3):434-441. CrossRef

Peer Reviewed

Competing Interests: None decleared.

Received: 7 Sep 2018; Accepted: 3 Mar 2019

Cite this article as: Majyambere O, Nyerere AK, Nkaka LS, Rujeni N, Wekes-
sae RL. Prevalence and Genetic Diversity of Hepatitis B and C Viruses Among 
Couples Attending Antenatal Care in a Rural Community in Rwanda. E Afr Sci. 
2019;1(1):23-29. http://doi.org/10.24248/EAHRJ-D-18-00030.

© Majyambere et al. This is an open-access article distributed under the terms of 
the Creative Commons Attribution License, which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided the original author and source 
are properly cited. To view a copy of the license, visit http://creativecommons.org/
licenses/by/4.0/. When linking to this article, please use the following permanent 
link: http://doi.org/10.24248/EAHRJ-D-18-00030.

http://www.eahealth.org
https://doi.org/10.1136/bmjopen-2014-005889
https://www.ncbi.nlm.nih.gov/pubmed/25387757
http://dx.doi.org/10.4314/thrb.v18i1.10
https://doi.org/10.4269/ajtmh.16-0059
https://www.ncbi.nlm.nih.gov/pubmed/27273644
https://doi.org/10.1155/2017/5841272
https://www.ncbi.nlm.nih.gov/pubmed/28246598
https://www.ncbi.nlm.nih.gov/pubmed/29047340
https://doi.org/10.1038/srep42822
https://www.ncbi.nlm.nih.gov/pubmed/28220812
https://doi.org/10.1155/2018/4239646
https://www.ncbi.nlm.nih.gov/pubmed/29666656
https://www.ncbi.nlm.nih.gov/pubmed/27482430
https://doi.org/10.1186/s12879-016-1409-2
https://www.ncbi.nlm.nih.gov/pubmed/26932656
https://doi.org/10.4254/wjh.v7.i3.289
https://www.ncbi.nlm.nih.gov/pubmed/25848459
https://doi.org/10.1016/S0140-6736(14)61682-2
https://www.ncbi.nlm.nih.gov/pubmed/25530442
https://doi.org/10.1136/jech.2009.093302
https://www.ncbi.nlm.nih.gov/pubmed/19822552
https://doi.org/10.1186/s12889-017-4844-0
http://www.rbc.gov.rw/IMG/pdf/national_guidelines_for_the_prevention_and_management_of_viral_hepatit
http://www.rbc.gov.rw/IMG/pdf/national_guidelines_for_the_prevention_and_management_of_viral_hepatit
http://www.rbc.gov.rw/IMG/pdf/national_guidelines_for_the_prevention_and_management_of_viral_hepatit
https://doi.org/10.4172/2332-0877.1000245
https://www.ncbi.nlm.nih.gov/pubmed/9699229
http://www.genius-diagnostics.al/pdf/HBsAgdipstick.pdf
https://doi.org/10.1016/j.jceh.2014.07.008
https://www.ncbi.nlm.nih.gov/pubmed/25755565
https://www.diasorin.com/sites/default/files/allegati_prodotti/Murex%20HBsAG%20Confirmatory%20Version%203.pdf
https://www.diasorin.com/sites/default/files/allegati_prodotti/Murex%20HBsAG%20Confirmatory%20Version%203.pdf
https://www.diasorin.com/sites/default/files/allegati_prodotti/Murex%20HBsAG%20Confirmatory%20Version%203.pdf
https://doi.org/10.1097/MD.0000000000007588
https://www.ncbi.nlm.nih.gov/pubmed/28746207
https://dx.doi.org/10.1016/j.jviromet.2015.05.013
https://www.ncbi.nlm.nih.gov/pubmed/26068393
https://doi.org/10.1128/JCM.02390-07
https://doi.org/10.1128/JCM.02390-07
https://www.ncbi.nlm.nih.gov/pubmed/18400913
https://www.who.int/hiv/pub/hepatitis/hepatitis-b-guidelines/en/
https://doi.org/10.1093/trstmh/trv004
https://www.ncbi.nlm.nih.gov/pubmed/25636951
https://doi.org/10.1186/s12879-017-2625-0
https://www.ncbi.nlm.nih.gov/pubmed/28754104
https://doi.org/10.1371/journal.pone.0063303
https://www.ncbi.nlm.nih.gov/pubmed/23717409
https://doi.org/10.1089/aid.2014.5632.abstract
http://dx.doi.org/10.19044/esj.2014.v10n3p%25p
https://doi.org/10.24248/EASci-D-18-00004
http://doi.org/10.24248/EAHRJ-D-18-00030


East Africa Science 2019 | Volume 1 | Number 1 30

ABSTRACT
Background: Wuchereria bancrofti is the most widely distributed of the 3 nematodes known to cause lymphatic filariasis, the 
other 2 being Brugia malayi and Brugia timori. Anopheles gambiae and Anopheles funestus are the main vectors. However, 
the relative contributions of mosquito vectors to disease burden and infectivity are becoming increasingly important in coastal 
East Africa, and this is particulary true in the urban and semiurban areas of Pangani District, Tanzania.
Methods: Mosquitoes were sampled from 5 randomly selected villages of Pangani District, namely, Bweni, Madanga, Meka, 
Msaraza, and Pangani West. Sampling of mosquitoes was done using standard Centers for Disease Control light traps with 
incandescent light bulbs. The presence of W. bancrofti in mosquitoes was determined via polymerase chain reaction (PCR) 
assays using NV1 and NV2 primers, and PoolScreen 2 software was used to determine the estimated rate of W. bancrofti 
infection in mosquitoes.
Results: A total of 951 mosquitoes were collected, of which 99.36% were Culex quinquefasciatus, 0.32% were Anopheles 
gambiae, and 0.32% other Culex species. The estimated rate of W. bancrofti infection among these mosquitoes was 3.3%.
Conclusion: This was the first study employing the use of PoolScreen PCR to detect W. bancrofti circulating in mosquito vectors 
in Pangani District, northeastern Tanzania. The presence of W. bancrofti infection suggests the possibility of infected humans 
in the area. The high abundance of Cx. quinquefasciatus calls for integrated mosquito control interventions to minimise the 
risk of W. bancrofti transmission to humans. Further research is required to gain an in-depth understanding the W. bancrofti 
larval stages in mosquitoes, their drug sensitivity and susceptibility profiles, and their fecundity.
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INTRODUCTION

Wuchereria bancrofti is a filarial nematode that has a 
thread-like appearance in its adult stage.1 The fe-

male nematodes are about 10 cm long and 0.2 mm wide, 
while the males are only about 4  cm long.2 The adults 
reside and mate in the lymphatic system, where they 
can produce up to 50,000 microfilaria per day.1 The mi-
crofilariae are 250 to 300 µm long, 8 µm wide, and they 
circulate in the peripheral blood. They can live in the 
host as microfilaria for up to 12 months. Adult worms 
take 6 to 12 months to develop from the larval stage and 
can live between 4 and 6 years.3 The parasites are trans-
mitted to humans when infected mosquito vectors de-
posit infective larvae onto the human skin.4 The larvae 
penetrate the skin, migrate to the lymphatic vessels, and 
develop into male and female adult worms over a peri-
od of months. Microfilaria ingested by a vector during a 
blood meal will develop to infective larvae in about 10 to 
14 days. These migrate to the mosquito’s proboscis and 
may then be transmitted to a new human host during a 
subsequent blood meal. Mosquitoes thus play an essen-

tial role in maintaining the lifecycle of W. bancrofti and 
disseminating the infection.5

A blood smear is a simple and accurate diagnostic 
tool, provided the blood sample is taken during the day 
when the juveniles are in the peripheral circulation.6 A 
polymerase chain reaction (PCR) test can be performed 
to detect a minute fraction – as little as 1 pg of filarial 
DNA.7 Some infected people do not have microfilaria in 
their blood. As a result, tests aimed to detect antigens 
from adult worms are used. Ultrasonography can also be 
used to detect the movements and noises caused by the 
movement of adult worms.8

Wuchereria bancrofti causes lymphatic filariasis, 
which is a disfiguring and disabling disease that is asso-
ciated with severe suffering and socioeconomic burden 
in endemic communities.4 Current estimates suggest 
that more than 1 billion people living in endemic areas, 
who are at risk of the infection, and that more than one-
third of these at-risk individuals are in sub-Saharan Af-
rica.9 In Tanzania, about 34 million people are at risk, 
while 6 million people are already  affected by lymphatic 
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filariasis. Lymphatic filariasis is widespread in Tanzania; par-
ticularly high endemicity is seen along the coast of the Indian 
Ocean and in areas adjacent to the Great Lakes.10 In the Tanga 
Region of Tanzania, recent reports after mass drug adminis-
tration (MDA) estimate circulating filiarial antigen (CFA) and 
microfilaraemia rates of 15.5% and 3.5%, respectively, which 
are down by 75.5% and 89.6% – and 2.3% for CFA in school 
children – from baseline.13 Ongoing vector control measures 
against W. bancrofti in Tanzania consist of indoor residual 
spraying, long-lasting insecticidal nets, larval source man-
agement, mosquito repellents and coils, and house modifica-
tions.

It has previously been shown in Tanzania that MDA treat-
ment regimen drastically reduce W. bancrofti microfilarial 
load.11 Other studies have revealed a decrease in the trans-
mission of lymphatic filriasis associated with a decline in 
anopheline mosquitoes.17Although a decline in anopheline 
mosquitoes has been documented in Tanga, information on 
vector burden and vector infection rate with W. bancrofti is 
still lacking. Therefore, this study assessed vector burden and 
vector infection rate with W. bancrofti.

METHODS

Study Setting
This study was carried out in 5 rural villages of Pangani Dis-
trict, which has an area of 1,830 km2, making it the small-
est district in Tanga Region. It is located in the southern part 
of Tanga, extending from 5°15.5' to 6° S and from 38°35' to 
39° E. It is bordered by Handeni District to the west, the Indi-
an Ocean to the east, Pwani Region to the south, and Muheza 
District to the North. Altitude ranges from 0 to 186 m above 
sea level. The Pangani District is administratively divided into 
13 wards  and 23 villages.

Study Design
This was an 8-month cross-sectional study, which involved 
the trapping of mosquitoes for laboratory examination of 
W. bancrofti. The 8 months were divided into 2 rounds, and 5 
villages were randomly selected. Houses for mosquito collec-
tion were randomly selected from each village .The mosqui-
toes were sampled using using standard Centers for Disease 
Control light traps with incandescent light bulbs (Model 512, 
John W. Hock Company, Gainesville, FL, USA). 

Traps were hung beside beds occupied by at least 1 per-
son sleeping in unimpregnated bed nets.14 Briefly, the shield 
of each trap was left to touch the side of the net with 150 cm 
clearance above the floor. The light traps were set between 
20:00 hours and 06:00 hours and retrieved in the morning at 
06:00 hours.

Mosquito Storage and Identification
The mosquitoes collected at each village were held separate-
ly and transported to the National Institute for Medical Re-

search’s Tanga Centre for identification based on morphologi-
cal identification keys.15,16 Female mosquitoes were organised 
into pools of 20, stored in cryogenic vials with silica gel, and 
transported to Sokoine University of Agriculture in Morogoro 
for screening of W. bancrofti.

DNA Extraction from Mosquitoes
DNA from the pools of 20 mosquitoes was extracted using a 
modified version of the Qiagen DNeasy kit protocol (Qiagen, 
Hilden, Germany). Briefly, mosquitoes were crushed in phos-
phate buffered saline, lysed, and then proteins were precipi-
tated out using ethanol. The supernatant was passed through 
a silica column, followed by washing of the bound DNA. Af-
terwards, the silica was dried and DNA eluted into RNase-free 
Eppendorf tubes. DNA was stored at -20 °C until PCR were 
done. 

Detection of W. bancrofti Using PCR
PCR assays to detect W. bancrofti were performed using NV1 
and NV2 primers.17,18 The target sequence for these primers 
is the Ssp I repeat, a gene present at ~500 copies per haploid 
genome. Amplification with these primers yields an 188 bp 
fragment. Each 20 µl PCR reaction contained 1× Qiagen Taq 
buffer; 50 Mm MgCl2; 50 mM each of dATP, dCTP, dGTP, and 
dTTP; 10 pmol/ µl of NV1 and NV2 primer; 1.25 U HotStar 
Taq DNA polymerase; and 2 µl genomic DNA. PCR reactions 
were run on a Veriti 96-Well Thermal Cycler (Applied Bio-
systems, Jurong, Singapore), and reaction conditions consist-
ed of a single step of 95°C for 10 minutes, followed by 94°C 
for 30s econds, 54°C for 45 seconds, and 72°C for 45 seconds. 
The final step was a 10-minute extension at 72°C. PCR prod-
ucts were size fractionated on 1.5% agarose gel stained with 
GelRed (Biotium, Hayward, CA, USA). Agarose gels were run 
at 100 V for 40 minutes and visualised under ultraviolet light 
using a gel documentation system (EZ Gel Imager, Bio-Rad 
Laboratories, Hercules, CA, USA). A positive control mosquito 
pool, known to be infected with W. bancrofti –a kind dona-
tion from the National Institute for Medical Research, Amani 
Tanga Centre – was used, along with negative controls, which 
were run concurrently with the samples to ensure that the 
PCR amplification was not contaminated. This helped pre-
vent false positive results and ensure that all the reagents 
were working properly.

Determination of Estimated Rate of W. Bancrofti 
Infection in Mosquito Vectors
The calculation of vector infection rates from pool screening 
was addressed via an application of the binomial distribu-
tion.19 A maximum likelihood estimation algorithm was used 
to estimate the maximum likelihood of W. bancrofti infection 
at the 95% confidence level in mosquitoes, whereby total 
pools screened, the number of positive pools, and pool siz-
es was entered into PoolScreen 2 software to obtain infection 
rate. PoolScreen 2 software was obtained from the Depart-
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ment of Biostatistics and Division of Geographic Medicine, 
University of Alabama at Birmingham, USA. The programme 
relies on the fact that the PCR assay is sensitive enough to 
detect a single infected insect in a pool containing large num-
bers of uninfected insects.

Ethical Considerations
Ethical approval for this study was obtained from the Medical 
Research Coordination Committee (MRCC), based at the Na-
tional Institute for Medical Research, Dar es Salaam, Tanza-
nia (Ref: NIMR/HQ/R.8a/Vol. IX/1834). Permission to conduct 
study was also obtained from regional, district, and respective 
village authorities. Moreover, written informed consent was 
sought from the heads of the households where mosquito 
collection was carried out.

RESULTS

Lymphatic Filariasis Vector Abundance
A total of 951 female mosquitoes were collected: 174 from 
Bweni, 301 from Madanga, 180 from Meka, 137 from Msara-
za, and 159 from Pangani West. Among the 951 collected 
mosquitoes, by far the majority (99.36%) were Culex quinq-
uefasciatus, followed by Anopheles gambiae (0.32%), and Culex 
cinereus, and Culex pipiens (0.32%) (Table 1).

Presence of W. bancrofti in Mosquitoes 
All Cx. quinquefasciatus mosquitoes collected in Pangani Dis-
trict were screened for W. bancrofti infection. From 47 mos-

quito pools screened for W. bancrofti, 24 (51%) pools tested 
positive and 23 (48%) tested negative. Positive pools pro-
duced a PCR product of approximately 188 bp, an expected 
size after Ssp I amplification using NV1 and NV2 primers.17 
Figure 2 shows an example of the agarose gel after perform-
ing PCR for the detection of W. bancrofti in mosquito pools.

Estimated Rate of Infection of W. bancrofti in 
Mosquito Vectors
A total of 951 female mosquitoes were screened for infection 
with W. bancrofti using Poolscreen 2 software, which uses 
maximum likelihood at the 95% confidence level based on 
likelihood rates for determining the infection rates.19  Msaraza 
village had the highest estimated rate of infection, at 5.34%, 
and Bweni village had the lowest estimated rate of  infection, 
at 2.9% (Table 2).

DISCUSSION
Monitoring infection rates among humans and vectors is an 
essential component of any lymphatic filariasis control pro-
gramme. Such monitoring informs decision making, for ex-
ample, deciding when to stop MDA and to certify the elim-
ination of the disease. Monitoring transmission or infection 
in vectors is ideal, as mosquitoes may offer a real-time esti-
mate of transmission,20,21 even though the manifestation of 
microfilaria may be marginally quicker in humans. Low-lev-
el microfilaraemia may also not be easy to detect in human 
populations.

The results obtained from the present study indicate that 
Cx. quinquefasciatus was  the  most abundant vector species 
caught during the study. These observations concur with a 
study carried out in Dar es Salaam,22 which reported that out 
of 12,096 vector mosquitoes caught using light traps, the great 
majority (99.0%) were Cx. quinquefasciatus, followed by a few 
Anopheles gambiae (0.9%) and Anopheles funestus (0.1%).

The higher abundance of C. quinquefasciatus in the pres-
ent study might be because mosquitoes were collected during 
the dry season, during which the overall mosquito population 
is normally relatively low. The observed mosquito abundance 
has important implications on the transmission of both ma-
laria and lymphatic filariasis, but the low anopheline mos-
quito abundance observed in the present study has greater 
implications on malaria transmission.

Wuchereria bancrofti infection in mosquitoes was found 
in all 5 villages, with an overall infection rate of 3.3%. Derua 
et al.12 reported that the overall rate of W. bancrofti infection 
among 3 sibling species – An. gambiae, Anopheles merus, and 
Anopheles arabiensis – in their study area in northern Tanza-
nia, was 3.6%, which is similar our calculated rate. It should be 
noted that these infection rates are based on all vector-borne 
stages of the parasite, since the PCR testing method used can-
not distinguish between the different larval stages. There is 
a need to determine the presence of the infective stages of 
W. bancrofti to estimate the risk of lymphatic filariasis trans-

TABLE 1. Proportion of Mosquito Species 
Collected for the Detection of Wuchereria 
bancrofti in Selected Villages of Pangani District, 
Northeastern Tanzania

Village
Culex 

quinquefasciatus
n

Anopheles 
gambiae 
sensu lato

n

Culex 
cinereus 

and Culex 
pipiens

n

Bweni 174 0 0

Madanga 300 0 1

Meka 180 0 0

Msaraza 137 0 0

Pangani 
West 154 3 2

Total (%) 945 (99.36%) 3 (0.32%) 3 (0.32%)
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mission by these mosquitoes.23 The detection of infection in 
mosquito vectors is an indication that there may be infect-
ed humans in the area, and a high rate of W. bancrofti in the 
vectors might reflect a high prevalence of microfilaraemia in 
the human population. A previous study reported the overall 
prevalence of 24.5% for W. bancrofti microfilaria among peo-
ple over the age of 1 year.24 In a similar study, the prevalence 
of W. bancrofti-specific circulating antigen was 53.3%.24

While annual MDA remains the standard intervention for 
interrupting the transmission of lymphatic filariasis, vector 
control to reduce the number of potential mosquito vectors 
is increasingly recognised as a complementary strategy in 
some contexts.25 A combination of more than 1 vector control 
method would probably enhance the impact on vector pop-
ulations and lymphatic filariasis transmission reduction, par-
ticularly if the methods address different stages of the mos-
quito lifecycle or if they have different modes of action. To 
further explore the findings and implications of this study, we 
recommend that further research – with much larger sample 
sizes and encompassing parasites from different geo-climat-
ic regions – be conducted to enhance our understanding of 
W. bancrofti vector infection status. Additionally, further re-
search comparing the prevalence of W. bancrofti in the human 
population with that among mosquito vectors in the study 
area and other endemic areas is of paramount importance, to 
draw clear conclusions regarding W. bancrofti infection prev-
alence in Tanzania.

CONCLUSION
A high W. bancrofti vector infection rate of 3.3% was found 
in the present study, indicating a high likelihood of human 
infection in the area. Most mosquitoes collected were Cx. 

quinquefasciatus, which calls for integrated mosquito control 
interventions to lower the risk of W. bancrofti transmission 
from mosquitoes to humans. Additional research is needed 
to gain an in-depth understanding of the W. bancrofti larval 
stages in mosquitoes, their drug sensitivity and susceptibility 
profiles, and fecundity. Such information would inform treat-
ment strategies and decision making relaed to, for example, 
how long to run MDA programmes and the optimal size of 
the human population treatment unit. 
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ABSTRACT
Background: Sumilarv 0.5G (Sumitomo Chemical Co., Ltd., Tokyo, Japan) is a granular insecticide developed for the control 
of mosquito and fly aquatic stages. The active ingredient is pyriproxyfen (4-phenoxyphenyl (RS)-2-(2 – pyridyloxy) propyl 
ether), a juvenile hormone analogue that acts as an insect growth regulator. Sumilarv 0.5G functions by inhibition of adult 
emergence from pupae. In this study, the Tropical Pesticides Research Institute in Tanzania carried out laboratory, semifield, 
and full-field evaluation on a new candidate of pupicide, Sumilarv 0.5G. The present study, therefore, sought to test the bio-
efficacy of Sumilarv 0.5G in laboratory, semifield, and full-field conditions in Mabogini, northern Tanzania.
Methods: Standard World Health Organization laboratory bioefficacy evaluations of Sumilarv 0.5G and untreated micro-
cosms were prepared and monitored for inhibition of the larvae introduced to the habitats, while field plots were monitored 
for 5 weeks after the introduction of Sumilarv 0.5G using manufacturer-recommended doses.
Results: Sumilarv 0.5G biolarvicide was highly efficacious in its pupicidal effect, with an adult emergence inhibition rate of 
up to 90% in all conditions. In both laboratory and semifield experiments, the emergence inhibition was dose-dependent, 
with the lowest adult emergence being recorded in association with the highest Sumilarv 0.5G dose of 0.03 ppm of active 
ingredient. Under field conditions, the application rate recommended by the manufacturer – 5 mg ai per m2 – reduced the 
adult emergence rate by 90% to 96% for up to 5 weeks.
Conclusion: We demonstrated the long-lasting biological activity of Sumilarv 0.5G under field conditions. Notably, the field 
efficacy was attained using the recommended dose of 5 mg per m2, thus making it economical to apply this product, which 
is capable of inhibiting mosquito productivity in natural habitats for longer periods than achieved by existing products, the 
efficacy of which is usually about 1 week.
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INTRODUCTION

In Africa, the main malaria vectors are members of 
Anopheles gambiae sibling species complex and the 

Anopheles funestus complex.1,2 The An. gambiae complex 
consists of An. gambiae sensu stricto (s.s.), Anopheles 
arabiensis, Anopheles merus, Anopheles melus, Anopheles 
bambwae, Anopheles colluzzii, and Anopheles ahmaricus.1,2 
The An. funestus complex vectors are An.  funestus  s.s., 
Anopheles leesoni, Anopheles rivulorum, and Anopheles 
vaneedeni.3-8 The main frontline malaria vector control 
tools are long-lasting insecticidal nets (LLINs) and in-
door residual spraying (IRS).9 Insecticide resistance has 
emerged as an urgent threat to these tools10-12 that re-
quires alternative or complementary solutions. Larval 
source management (LSM) is of paramount importance 

in the fight against malaria, through vector control, to 
complement LLINs and IRS. Larval control is a new ave-
nue which, if effectively implemented, can have an im-
pact on malaria epidemiology.13,14 LSM has been shown 
to be more effective when combined with other tools 
that target adult vectors.14,15 Insecticide resistance among 
disease vectors is achieved via a variety of mechanisms 
at different vector developmental stages,16 but the main 
advantage of LSM is that it targets the immobile imma-
ture stages of mosquito vectors, thus controlling both 
outdoor and indoor resting and biting vectors.14,17

Commercially available chemical and microbial lar-
vicides are highly effective for short-lasting control of 
the aquatic stages of the main malaria vectors.13,14,18-20 
The major challenge of existing biolarvicides is their 
short duration of activity in environmental conditions, 
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which means that they require weekly reapplication.18,21 La-
bour and larvicide supply are the major costs associated with 
large-scale vector management, which aims to reduce costs 
by maximising the reapplication intervals.22 Also, the toxicity 
of larvicides to untargeted aquatic insects limits the practical-
ity of regular larvicide programmes.23

Sumilarv 0.5G (Sumitomo Chemical Co., Ltd., Tokyo, Ja-
pan) is a granular insecticide that was developed to control 
the pupal stages of mosquitoes and flies.24-27 The active ingre-
dient is pyriproxyfen (4-phenoxyphenyl (RS)-2-(2-pyridy-
loxy) propyl ether), a juvenile hormone analogue that acts as 
an insect growth regulator.28 Pyriproxyfen generally inhibits 
the adult emergence of target insects species.29,30

However, pyriproxyfen causes delayed effects on repro-
duction among female adult mosquitoes exposed to sub-
lethal doses at the larval31 or adult stage.32,33 Sumilarv 0.5G 
has exceptional residual activity of up to more than 1 month 
for the control of mosquito species in their natural breeding 
sites.30,33,34 Furthermore, pyriproxyfen has been evaluated as 
a safe insecticide for application in drinking water,35 with 
limited impact on utargeted aquatic insects and the environ-
ment.36,37 Nevertheless, Sumilarv 0.5G has never been evalu-
ated for the control of An. arabiensis, the major malaria vector 
in Tanzania.

This study aimed to evaluate the efficacy of Sumilarv 
0.5G as a pupicide against An. gambiae s.s. in laboratory and 
semifield conditions, and against An. arabiensis under field 
conditions.

METHODS

Study design
This was laboratory and field experimental study.

Sumilarv 0.5G Formulation
Sumilarv 0.5G was applied only to mosquito breeding hab-
itats that did not drain into natural water bodies. According 
to the manufacturer’s instructions, the amount of Sumilarv 
0.5G applied was determined by the volume of water in the 
respective habitats (width×length×depth), based on a target 
concentration of 0.01 to 0.05 ppm of active ingredient (ai) or 
(0.2-1.0 oz/100 ft3). The targeted habitats were temporary or 
permanent water holding sites amenable to treatment: orna-
mental ponds, fountains, cesspools, abandoned swimming 
pools, gutters, construction site depressions, septic tanks, 
flooded basements, gutters, animal waste lagoons, livestock 
runoff lagoons, sewers, sewage effluent, tire tracks, waste wa-
ter impoundments associated with organic pollutants and in-
dustrial run off, waste water and settling ponds, and vegeta-
tion-choked phosphate pits. Other potentially treatable sites 
include natural and artificial water holding containers: hol-
low trees and tree holes, potted plants, bird baths, tire dumps, 
landfills, rain barrels, flooded roof tops, flower pots, buckets, 
salvage yards, abandoned vehicles, vehicle impounds, and 
junkyards. The targeted mosquito species for Sumilarv 0.5G 
are Aedes aegypti, Aedes albopictus, Aedes vexans, anophelines, 
Culex pipiens, Culex quinquefasciatus, Culex tarsalis, and Culex 
restuans.

FIGURE 1. The Irrigated Rice Fields

(A) During site selection and (B) during larvae density estimation

A B
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Mosquito Rearing
Mosquitoes originated from a colony of  An. gambiae  s.s., 
established in Kisumu, Kenya, in 1992, and were reared at 
the Tropical Pesticides Research Institute TPRI. The labora-
tory larval rearing of protocol is described elsewhere.38,39 In 
the insectary, larvae were fed TetraMin (Spectrum Brands 
Pet, Blacksburg, VA, USA) fish food at rate of 0.003 g/larva. 
Third instar larvae were used for trials, as recommended by 
the World Health Organization protocol.40 The photo phase in 
the insectary was 12 light:12 darkness, with a temperature of 
27°C ± 2°C and a relative humidity of 78% ± 2%.

Dose–Response Bioassays
Experiments were done in the laboratory and in semifield 
conditions – experiments conducted in controlled conditions 
outside the laboratory but with restricted interaction with na-
ture.41 Before the dose–response experiments, a range-finding 
test was implemented by exposing test larvae to a wide range 
of test concentrations and a control. This was used to find the 
activity range of the insecticide for tested species.

A range of concentrations between 10 ppm ai and 1.0 × 
10-7 ppm ai were tested. After determining the emergence 
inhibition of the larvae in a broader range, concentrations 
causing emergence inhibition of between 10% and 95% were 
chosen and used in dose–response bioassays.40 Fifteen seri-
al dilutions were made, and the best 11 doses causing emer-
gence inhibition for use in laboratory and semifield trials 
were selected. A stock solution was prepared by grinding the 

granular formulation into a fine powder, following the proce-
dure described Sihuincha et al.33 Using a pestle and mortar, 5 
g of SumiLarv 0.5 G (25 mg ai) was ground and added to 500 
ml of unchlorinated tap water. This produced a stock solution 
of 10,000 ppm SumiLarv 0.5G (50 ppm ai). The top of the vial 
was covered with aluminium foil, and the solution was left to 
agitate for 1 hour on a shaker. The mixture was left overnight 
to allow the active ingredient to be released into the solution. 
The next morning, the mixture was again agitated on a shak-
er for 30 minutes to prepare a homogenous mixture, as some 
of the inert ingredients of the formulation – potentially still 
containing some active ingredient – had settled overnight. 
Serial dilutions were made immediately after shaking in un-
chlorinated tap water to produce the test concentrations.

The laboratory-reared colony of An. gambiae s.s. was eval-
uated against different concentrations of Sumilarv 0.5G. Each 
test concentration and a control were replicated 6 times, and 
200 ml of each test solution was set up in 300 ml glass bowls. 
The test was repeated 3 times for each concentration. Sepa-
rate batches of 25 insectary-reared third instar larvae of test 
species were introduced into each test concentration and the 
control.

Larvae were fed with TetraMin (Spectrum Brands) fish 
food only when the experiments were monitored for more 
than 24 hours. Bowls were covered with netting to prevent 
any emerging adults from escaping. The pupae were moni-
tored until emergence or death. The number of dead larvae, 
pupae, and emerging adults were recorded until the end of 
the experiment, when all pupae had emerged or died. Live 

FIGURE 2. Percentage Emergence of Anopheles gambiae sensu stricto in Laboratory Trials for 
Different Concentrations
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pupae from each bowl were transferred into a separate bowl 
containing 20 ml of water from the habitats. These bowls 
were covered with netting for monitoring adult emergence. 
Separate pipettes were used to collect pupae from treated and 
control bowls to avoid cross-contamination.

Semifield Studies
Semifield trials were carried out in an open field with artifi-
cial microcosms.40,42 Six artificial microcosms were made up 
using small washing basins (diameter, 21.5 cm; depth, 10 cm) 
filled with 1 kg of soil and 1,500 ml of water to resemble a nat-
ural larval habitat. Microcosms were paired between treat-
ments and controls at 3 m intervals. Monitoring of the micro-
cosms was conducted daily until the first pupa was observed, 
then monitoring was conducted twice a day. All pupae were 
collected with some water from each microcosm. Batches of 
25 insectary-reared third instar larvae were introduced into 
each microcosm.

Field Trials
Two pairs of rice plots were selected for the field trials, with 
larval abundance evaluated before treatments (Figure 1). Two 
were control plots, and the other 2 were treatment plots. The 
plots measured 70 m × 20 m. Larvae were sampled 3 times 
per week (Monday, Wednesday, and Friday) for 5 weeks. All 
collected control and treatment pupae were kept in labelled 
paper bowls and monitored for adult emergence. The effect of 
Sumilarv 0.5G was measured as adult emergence inhibition 

in all treated plots, while for the control, emergence inhibi-
tion was considered as natural mortality.

Parameters Measured
The percent inhibition of adult emergence (%IE) was calcu-
lated following the World Health Organization guideline,40 
using the following formula:

IE (%) = 100 − (T×100/C)

Where,

T = percentage survival or emergence in treated 
batches

C = percentage survival or emergence in control 
batches

Data Analysis
Data were analysed using IBM SPSS Statistics version 25 (IBM 
Corp., Armonk, NY, USA). Descriptive statistics were deployed 
for data analysis to obtain the confidence intervals and mean 
differences. Excel (Microsoft Corp., Redmond, WA, USA) 
spreadsheets were used to calculate percentage inhibition of 
larvae. The comparison between treatment and control was 
done using paired samples t-tests. Probit analysis was used to 
calculate the LC50 and LC95. P values less than .05 were consid-
ered statistically significant.

FIGURE 3. Percentage Emergence of Anopheles gambiae sensu stricto in Semifield Trials for 
Different Concentrations
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Ethical Considerations
Approval for this study was granted by the Tanzania Pesti-
cides registrar’s office (experimental permit number 2310, 
issued in 2015).

RESULTS

Laboratory Trials
A series of doses were evaluated, and those with emergence 
inhibition effects were considered for laboratory trials. Se-
lected trial doses ranged from 10-6 to 0.03 ppm ai. Percentage 
inhibition was dose-dependent (Figure 2). The dose of 0.03 
ppm ai caused 100% emergence inhibition. The percentage 
inhibition among treatment doses was statistically significant 
(df=11, F=242.9, P<.001).

Semifield Trials
Similar results to those observed in laboratory studies were 
found in the semifield experiments. Emergency inhibition 
was dose-dependent, and the highest inhibition levels result-
ed from the highest doses (Figure 3). Inhibition percentage 
was statistically different between the groups, with more 
adult emergence observed at lower doses (df=11, F=367.86, 
P<.001).

Field Trials
In the first week of sampling after the plots were treated, 
the emergence rate for pupae differed significantly between 

treated and control plots, with more adults emerging from 
the pupae sampled in the control than the treated plot arms 
(df=4, t=74.1, P<.001). The same was observed in weeks 2 
(df=4, t=70.5, P<.001), 3 (df=4, t=70.5, P<.001), 4 (df=4, t=69.7, 
P<.001), and 5 (df=4, t=81.1, P<.001), as shown in Figure 4.

DISCUSSION
Our findings shown that wild An. arabiensis and laboratory 
An. gambiae s.s. populations had similar responses to Sumilarv 

0.5G under different environmental conditions. Similar find-
ings were presented by a study conducted in Kenya by Mbare 
et al.43 Sumilarv 0.5G inhibited over 90% of the total adult 
emergence over a period of 5 weeks in irrigated rice fields at 
an application rate of 5 mg ai per m2. This level of inhibition is 
consistent with observations of a study targeting the control 
of An.gambiae sensu lato (s.l.) in Kenya, where a concentration 
of 0.003 ppm pyriproxyfen was enough to completely inhibit 
emergence for up to 1 month.43 In the present study, howev-
er, weekly emergence rates remained low for up to 5 weeks, 
even at the lower doses. Weekly emergence inhibition was 
frequently higher than 90%, the threshold recommended by 
the World Health Organization Pesticide Evaluation Scheme 
for the successful control of immature mosquito stages.40 Ap-
plication rates in field conditions were increased up to several 
times the minimum dose instructed by the manufacturer to 
obtain sufficient control under field conditions.28 The findings 
were consistent with those observed in previous studies.40,44 
The higher dose of 5 mg ai per m2 in field conditions inhibited 
over 80% of adult emergence for 5 weeks.

FIGURE 4. Percentage Emergence of Anopheles gambiae sensu stricto in the Field Trials for 5 
Weeks After a Single Treatment
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Further field tests to establish the optimum dose for op-
erational control in a variety of different habitats are neces-
sary. However, based on the results presented in this study, it 
is likely that the optimum dose lies between the doses tested 
here. This concurs with the maximum dose recommended by 
the manufacturer (0.05 ppm ai) for field operational control 
of anopheline mosquito species.28 Kawada et al.45 previous-
ly found emergence inhibition for An. gambiae to be 4 times 
less than the level found in the present study. The same dose 
for An. gambiae, however, was found to be in the range rec-
ommended for culicine and Aedes species.46,47 The observed 
differences in these studies were attributed to factors such 
as differences in container types and pyriproxyfen formula-
tions.34,45 The study by Kawada et al.45 used an emulsifiable 
concentrate (5%) formulation, while the present study used 
a granular formulation. Moreover, in the present study, the 
plastic bowls used during the bioassays were found to have 
retained high larvicide amounts leading to a higher residual 
effect relative to the aluminium bowls used by Kawada et al.45 
Plastic materials are known to retain substantial amounts of 
active ingredient and to release it slowly, which could ex-
plain the higher emergence inhibition found in this study at 
all doses used.36,37,48 Our experiments have shown that Sumi-
larv 0.5G is effective at low active ingredient concentrations. 
The required concentration of pyriproxyfen is substantially 
lower than that of other microbial agents used as larvicides.19 
A previous study on culicine mosquitoes also demonstrated 
that pyriproxyfen operates effectively at very low concentra-
tions.49 The efficacy of lower concentrations will lower the 
operational costs for larvicide programmes that use Sumi-
larv 0.5G.22 The observed residual impact on An. arabiensis 
emergence rates was similar to what was found in previous 
studies on other mosquito species.34,46

In previous studies under field conditions, Sumilarv 
0.5G at 0.02 ppm ai and 0.05 ppm ai effected complete emer-
gence inhibition for 6 weeks for Anopheles quadrimacula-
tus, Culex nigripalpus, Aedes taeniorhynchus, Ae. albopictus, 
and Ae. aegypti.50 This granular formulation is released and 
produces its effects relatively slowly compared to other bi-
olarvicides, exhibiting extended residual effects, particularly 
when applied to mosquito breeding containers. It was very 
effective against Aedes larvae even when the habitats where 
flushed with untreated water.34 In Sri Lanka, a single dose of 
0.1 mg/l was shown to be sufficient for six months against 
anopheline malaria vectors in pots and  small pits, meaning 
that 2 applications per annum were sufficient.30 In Peru, it 
was observed that 0.003 g ai pyriproxyfen/m2 was sufficient 
to extend emergence inhibition for 5 months in water tanks 
housing Ae. aegypti.33,51

Overall, it can be concluded from previous and our own 
study that the efficacy and residual activity of different py-
riproxyfen-containing products depends on the formulation, 
dose, habitat types, and vector species.36,46

We did not observe that the efficacy of Sumilarv 0.5G is 
reduced in turbid water, as reported by Mbare et al.43 Some 

of the turbidity observed in that study might have been due 
to algae and bacteria growing in the established habitats. It 
is possible that the debris absorbed some of the active in-
gredients of the Sumilarv 0.5G, reducing its efficacy.52 Debris 
in aquatic habitats is an important parameter that is often 
associated with the abundance, development, and survival 
of An. gambiae s.l. larvae.42,53,54 In the recent past, anophe-
line larvae have been found to exploit aquatic habitats with 
varying degrees of water turbidity and pH, from sunlit and 
ephemeral to permanent, large water bodies in both urban 
and rural areas.54-56 Debris and other decaying materials 
provide mosquitoes with food particles that enhance their 
aquatic survival, thus increasing adult emergence from tur-
bid water bodies.42,53,54,57,58 This condition in natural habitats 
needs to be considered and monitored in field operations for 
the effective control of aquatic stages.40 At 5 mg ai per m2, 
reproduction by female mosquitoes declined by over 90% as 
a consequence of the sublethal effect of Sumilarv 0.5G on 
emergence for 5 weeks. Similar effects of pyriproxyfen have 
been shown for Anopheles, Aedes and Culex species in both 
laboratory and field conditions.30,31,33,59 Another effect is to 
suppress the viability of eggs, thus reducing emergence rates 
and subsequently reducing intervention costs. The outcome 
of stress caused by growth regulators is known to affect the 
adult sex ratio and reduce blood feeding ability.60 The same 
phenomenon is observed among adult mosquitoes exposed 
to pyriproxyfen.32 Insect growth regulators have also been 
found to suppress ovarian and egg development.61,62 Caution 
should be taken when considering the continuous use of py-
riproxyfen, as resistance might develop, as has occurred with 
other insecticides.63-66 Examining the population of insects 
surviving after exposure for tolerance against pyriproxyfen 
must be built into malaria vector control strategies.

CONCLUSION
We have shown that An. arabiensis and An. gambiae s.s. are 
highly susceptible to Sumilarv 0.5G at low doses. This prod-
uct would, therefore, be useful for targeting productive nat-
ural habitats of malaria vectors and help control wild mos-
quito populations. Such reduction in population size can 
happen within a relatively short period, as this study has 
shown that Sumilarv 0.5G significantly inhibits adult emer-
gence and egg viability. We recommend further studies to 
better understand and standardize re-treatment intervals in 
both dry and rainy seasons.
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ABSTRACT 
Background: Honey, pollen, and propolis are among the products that bees process and derive from plants and flowers. 
Propolis is a resinous material that bees gather from the buds and bark of some trees and small plants. Propolis from tem-
perate climates mainly contains phenolic compounds, in contrast with propolis from tropical climates, which mainly contains 
terpenes. This study aimed to determine, characterise, and quantify the phenolic content of raw propolis from Burundi.
Methods: In this study, a total of 6 samples were collected from the provinces of Rumonge, Cibitoke, and Ruyigi in Burundi. 
Fifteen phenolic compounds (caffeic acid, ferulic acid, epigallocatechin gallate, isoferulic acid, cinnamic acid, caffeic acid 
phenethyl ester, gallic acid, apigenin, chrysin, galangin, quercetin, kaempherol, rutin trihydrate, naringenin, and pinocem-
brin) were used as high-performance liquid chromatography (HPLC) standards for qualitative and quantitative analyses of 
the propolis samples.
Results: Among the 15 phenolic compounds checked, only 1 – gallic acid – was detected at a measurable level using an 
HPLC-diode array detector system.
Conclusion: In addition to terpenes, propolis found in sub-Saharan Africa may contain phenolic compounds. Further ad-
vanced investigation of sub-Saharan African propolis is required for more detailed characterisation.
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INTRODUCTION

Honeybees process and produce various substances 
 from plants and flowers, such as honey, pollen, and 

propolis.1 The products are components of foods and 
cosmetics, and they have applications in both tradition-
al and medical practice.1-5

Propolis is a resinous material collected by honey-
bees from buds and cracks in the bark of certain plants, 
typically from poplar, beech, horse chestnut, birch and 
conifer trees. Bees mix this substance with beeswax and 
bee enzymes (β-glycosidase) that they secrete during 
propolis collection.6-9 Propolis contains mainly resin and 
plant balsam, beeswaxes, essential oils, as well as organ-
ic and mineral compounds.5 Honeybees use propolis to 
plug holes, straighten inner walls, and soften the walls of 
their hives for protection against external invaders and 
hive temperature regulation. Propolis is useful for fend-
ing off potential fungal and microbial infections.2,5,10,11

In veterinary medicine, propolis is mostly used 
for its antimicrobial properties. It is also used to en-
hance livestock growth and productivity.2 For exam-

ple, propolis has been reported to increase weight gain 
among chickens, subsequently improving meat quality. 
Propolis also increases egg laying rates among laying 
hens.9,12-14 Furthermore, propolis has positive effects on 
livestock feed consumption.4,14 It can also be used in vet-
erinary medicine to treat canine fungal otitis and der-
mal mycosis infections as well as bovine dermatophy-
tosis.15,16

Propolis is also an ingredient of cosmetic creams 
and lotions. It can be used in shampoos and hair lotions, 
acne treatments, shaving products, deodorants, antiper-
spirants, as well as antidandruff and sebum-stabilising 
agents.2  In addition to its pharmaceutical uses, propolis 
may be used as a food preservative, owing to its natural 
antioxidant and antibacterial effects.2,7

Despite its beneficial properties, propolis also has 
adverse effects, particularly when used by or adminis-
tered to sensitive individuals and in high doses. In hu-
mans, it can cause allergic and other adverse reactions, 
including contact dermatitis or oral mucositis.11,17,18
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Data about bees and bee products are available from al-
most every known period of human history.19 Propolis has 
been used by the Egyptians, Greeks, Persians, Arabs, and Ro-
mans since ancient times. Moreover, most religious books 
have spoken about bees and honey.5,20 Propolis has been used 
in traditional and modern medicine as an alternative and 
supportive treatment for its antibacterial, antifungal, anti-in-
flammatory, antiviral, antioxidant, gastroprotective, neuro-
protective, anti-ulcerative, antispasmodic, chelator, immu-
no-modulatory, and sedative properties. It has also been used 
to treat and prevent acne, allergies, liver disease, diarrhoea, 
diabetes, pain, ageing, malaria, and heart disease.1,2,4,7,21-24

More than 300 active compounds have been identified 
in propolis, with the composition varying by season, plant 
source, bee species, and altitude.8 The most important com-
ponents with pharmacological activity in propolis are flavo-
noids, like flavones, flavanols, flavanone, and various pheno-
lic and aromatic substances.2,4,6 8,9,11 Flavonoids are not toxic 
when consumed in fruits and vegetables; they are potentially 
useful compounds for the human body and protect plants 
against microbial infection and insect infestation.22

Many countries have investigated the chemical compo-
sition of their indigenous propolis and identified its biophar-
maceutical effects. For instance, propolis has been extensive-
ly studied in Europe and South America (especially in Brazil), 
and there are ongoing detailed studies in China, Japan, Tai-
wan, and Turkey, among other countries.8 However, studies 
on African propolis are few and limited to North African 
countries, such as Morocco, Algeria, and Egypt.25 

African vegetation is suitable for beekeeping and, there-
fore, suitable for propolis production. However, there is a lack 
of data related to African propolis, and in some countries and 
regions, including Burundi, there is no available information 
about the chemical content of the local propolis. Neverthe-
less, research on propolis in sub-Saharan Africa has shown 
that, in general, African propolis – like the propolis found 
in other tropical regions – is rich in terpenoids, including 
α-amyrine, β-amyrin, α-amyryl acetates, β-amyryl acetates, 
n-alkanes, n-alkenes, methyl n-alkanoates, and long-chain 
wax esters, among other compounds.25-30

The price of propolis varies according to its source and 
quality. For example, Chinese propolis is offered for sale at 
about €25 to €50 euros per kg, while the Brazilian propolis is 
offered at higher prices (€100 to €150 euros per kg).31 For this 
reason, propolis production can be beneficial for a nation’s 
economy in general and particularly profitable for beekeep-
ers. However, for this to be the case, the propolis produced 
must be of good quality and have the desired pharmacolog-
ical effects. It is, therefore, necessary to carry out chemical 
analyses of total phenolic content to assess propolis quality 
for consumer use. This study aimed to identify, quantify, and 
characterise the presence of phenolic compounds in Burun-
dian propolis.

METHODS

Sample Collection
A total of 6 propolis samples were randomly collected from 
3 provinces in Burundi by placing at least 4 propolis traps in 
each province. First, in Rumonge Province, samples were col-
lected from the Rumonge (2 samples) and Buyengero (2 sam-
ples) communes. Second, in Cibitoke Province, 1 sample was 
collected from Murwi. Finally, in Ruyigi Province, 1 sample 
was collected from Kinyinya. Propolis samples were collected 
using plastic propolis traps (42 × 49.5 cm) (Civan Incorpora-
tion, Bursa, Turkey). Propolis traps were placed on the hive in 
place of the inner cover for a month during the spring season. 
Propolis samples were immediatey stored in a refrigerator be-
fore any analysis.

Instruments, Chemical Reagents, and Standards
All reagents used for this study – including methanol, ace-
tonitrile, ethanol, and formic acid – were high-performance 
liquid chromatography (HPLC)–quality grade. A PURELAB 
flex 4 (ELGA LabWater, Buckinghamshire, UK) system was 
used to purify water. For quantitative analyses, we used HPLC 
coupled with diode array detector (DAD) (Shimadzu Corpo-
ration, LC-20 AD/SPD-M20A, Tokyo, Japan) analysis. A vacu-
um drier system (Jouan Inc., RC 10-10, Winchester, VA, USA) 
was used to concentrate propolis extracts.

The standards of phenolic compounds used in the anal-
yses were: 

1. Caffeic acid (3,4-dihydroxycinnamic acid, 
trans-3,4-dihydroxycinnamic acid; molecular 
weight: 180.16, Chemical Abstracts Service 
[CAS] number: 331-39-5; Sigma-Aldrich, C0625, 
≥98%)

2. Epigallocatechin gallate ((-) -cis-2-(3,4,5-tri-
hydroxyphenyl)-3,4-dihydro-1 (2H)-benzopy-
ran-3,5,7-triol 3-gallate, (-) -cis-3,3 EG, 4-, 5,5 
fla, 7-hexahydroxy-flavane-3-gallate, EGCG, 
Teavigo; molecular weight: 458.37, CAS number: 
989-51-5; Santa Cruz, sc-200802, ≥98%)

3. Trans-isoferulic acid (trans-3-(3-hydroxy-
4-methoxyphenyl) acrylic acid, trans-3-hy-
droxy-4-methoxycinnamic acid; molecular 
weight: 194.1, CAS number: 25522-33-2; Fluka, 
05407, ≥98%.

4. Ferulic acid (3-hydroxy-4-methoxycinnamic 
acid, caffeic acid 3-methyl ether, coniferic acid; 
molecular weight: 194.18, CAS number: 537-98-
4; Fluka, 52229, 99%)

5. Trans-cinnamic acid (trans-3-phenylacrylic 
acid, trans-cinnamate, trans-3-phenylacrylate; 
molecular weight: 148.16, CAS number: 140-10-
3, Sigma-Aldrich, C80857, ≥99%)
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6. Caffeic acid phenetyl ester (CAPE) (2-phenyleth-
yl caffeate; molecular weight: 284.31, CAS num-
ber: 104594-70-9; Sigma-Aldrich, C8221, ≥97%)

7. Gallic acid (3,4,5-trihydroxybenzoic acid; mo-
lecular weight: 170.12, CAS number: 149-91-7, 
Sigma-Aldrich, G7384, ≥97.5%)

8. Apigenin (4 in, 5,7-trihydroxyflavone, narin-
genin chalcone; molecular weight: 270.24, CAS 
number: 520-36-5, Fluka, 42251, ≥95%)

9. Chrysin (5,7-dihydroxyflavone; molecular 
weight: 254,24, CAS number: 480-40-0; Sig-
ma-Aldrich, C80105, 97%)

10. Galangin (3,5,7-trihydroxyflavone; molecular 
weight: 270.24, CAS number: 548-83-4, Sig-
ma-Aldrich, 282200, 95%)

11. Quercetin hydrate (3,3,’4’,5,7-pentahydroxyfla-
vone; molecular weight: 302.24, CAS number: 
849061-97-8; Sigma-Aldrich, 337951, ≥95%)

12. Kaempherol (3,4 35, 5,7-tetrahydroxyflavone; 
molecular weight: 286.24, CAS number: 520-18-
3, Fluka, 96353, ≥99%)

13. Rutin trihydrate (quercetin-3-rutinoside trihy-
drate, vitamin P trihydrate; molecular weight: 
664.56, CAS number: 250249-75-3; Fluka, 78095, 
≥95%)

14. Naringenin (4’,5,7-trihydroxyflavanone; molec-
ular weight: 272.25, CAS number: 67604-48-2; 
Fluka, 52186, ≥95%)

15. Pinocembrin (S-5,7-dihydroxyflavanone, di-
hydrochrysin, galangin flavanone; molecular 
weight: 256.25, CAS number: 480-39-7; Fluka, 
P5239, ≥95%)

Analysis
During analysis, 70% (V/V) ethanol was used as a solvent. 
Phenolic compound standards were dissolved in methanol to 
prepare stock solutions at 1 μg/ml. Each phenolic compound 
standard was injected individually into the HPLC system to 
determine its main peak, time of arrival, and spectrum. Next, 
mixed phenolic solutions were prepared by mixing the fi-
nal concentrations of the phenolic compound solutions to 
a concentration of 48 μg/ml. The mixed phenolic solutions 
were diluted with methanol to form calibration curves, and 5 
different intermediate solutions were prepared at concentra-
tions of 3, 6, 12, 24, and 48 μg/ml. The correlation coefficients 
(R2) of the calibration curves varied between 0.967 and 0.999 
depending on the phenolic composition. The limit of quanti-
fication values of the phenolic compounds ranged from 2.46 
to 7.56 μg/ml, and the limit of detection values varied from 
0.82 to 3.36 μg/ml.

Sample Extraction and Analysis
Propolis extraction was done at a dilution rate of 1:9, mainly 
using the extraction method described by Oruç et al.8  Raw 
propolis samples were frozen at −20ºC for 30 minutes, then 
ground into powder using a De’Longhi KG49 electric coffee 
grinder (De’Longhi, Treviso, Italy). Powdered propolis sam-
ples were thoroughly mixed, and 2 g of each sample was 
weighed for extraction. Then, 18 ml of 70% ethanol was add-
ed to obtain a propolis-ethanol extract (PEE). This mixture 
was first stirred with an orbital shaker (SL-350, Nüve, Ankara, 
Turkey) for 1 hour, followed by ultrasonication in an ultra-
sonic bath (Sonorex RK100, Bandelin, Berlin, Germany) for 
15 minutes. This process was carried out twice. The mixture 
was then filtered, first using grade 1 rectangular filter pa-
per and then grade 1 Whatman filter paper (125 mm). The 
obtained PEE was preliminarily collected in weighed emp-
ty tubes and then concentrated using a vacuum drier. After 
drying the PEE, the tubes were weighed again, and the dry 
weights were calculated. The amount of dry PEE per tube was 
recorded, and the tubes were stored at −20ºC until the HPLC-
DAD analysis stage. The dry PEE was solved with methanol 
(1:10, w:v) and filtered through a polyvinyl difluoride syringe 
filter (Millipore Millex-HV, 0.45 μm), and 5 μl injected into 
the HPLC-DAD system.

We mainly used the methods described by Pellati et al32 
for HPLC-DAD analysis.  The PEE samples were prepared in 
tubes and filtered again through 0.45 μm polyvinyl difluoride 
(Millipore Millex-HV, 0.45 μm), and 5 μl of the obtained solu-

Time, min Mobile Phase 
A, %

Mobile Phase 
B, %

0.01 Start 

0.02 90 10

3 75 25

15 70 30

60 50 50

70 40 60

80 10 90

85 40 60

90 75 25

95 90 10

104 Stop 

TABLE 1. Mobile Phase Flowchart
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Location
Color

Sticky Consistency
Aromatic Scent

Weight, g
Red Black Brown Strong Weak Very Weak

Rumonge 1 Yes Yes Yes 56

Rumonge 2 Yes Yes Yes 87

Buyengero 1 Yes Yes Yes 64

Buyengero 2 Yes Yes Yes 98

Murwi Yes Yes Yes 86

Kinyinya Yes Yes Yes 128

TABLE 2. Characteristics of Collected Samples

Compound

Concentration, µg/g,
According to Geographic Origin

Rumonge 1 Rumonge 2 Buyengero 1 Buyengero 2 Murwi Kinyinya

GAL 33 832 163 31 - 22

EGKG - - - - - -

KA - - - - - -

FR - - - - - -

IFR - - - - - -

QE - - - - - -

SA - - - - - -

NR - - - - - -

AP - - - - - -

KF - - - - - -

CR - - - - - -

PN - - - - - -

GL - - - - - -

CAPE - - - - - -

RT - - - - - -

Abbreviation: GAL, gallic acid; EGGG, epigallocatechin gallate; KA, caffeic acid; FR, trans-ferulic acid; IFR, isoferulic acid; QE, quercetin; SA, cinnamic acid; NR, 
naringenin; AP, apigenin; KF, kaempherol; CR, chrycin; PN, pinocembrin; GL, galangin; CAPE, caffeic acid phenethyl ester; RT, rutin trihydrate

TABLE 3. Burundian Propolis Component Concentrations
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tion was injected into the HPLC-DAD system automatically. 
The method is gradient where mobile phase A (deionised wa-
ter plus 0.1% formic acid, V/V) and mobile phase B (HPLC 
grade acetonitrile plus 0.1% formic acid, V/V) were used as 
solvent carriers (Table 1). The mobile phase’s total flow rate 
was 1 ml/min between 80 and 90 bar of pressure on the pump 
with a total injection volume of 5 μl at temperatures between 
25°C and 33°C. During the analyses, the column tempera-
ture was kept at 30°C. Detection of the propolis content was 
carried out at a wavelength of 270 nm, and the compounds 
were obtained by identification and comparison of retention 
time values and peaks of samples and standards.

The propolis extraction and HPLC-DAD analysis proce-
dures were carried out at Uludag University’s Department 
of Pharmacology and Toxicology within the Faculty of Vet-
erinary Medicine, in Bursa, Turkey. The phenolic compound 
concentrations in the dry PEEs were calculated in μg/g.

RESULTS AND DISCUSSION
Analysed propolis samples were sticky, red, black, and brown 
with a slight aromatic smell (Table 2). There were also differ-
ences between the participating communes in terms of the 
propolis sample volumes collected, and, overall, the volume 
of propolis samples collected was small (Table 3). During col-
lection, propolis was generally found in the edge sections of 
the traps used for harvesting, with the middle sections be-
ing empty or slightly waxy. Propolis is typically described as 
having a fibrous, matte, sticky, and bright appearance, with 
colours ranging from red, yellow, and green to dark brown de-
pending on the plant source and region; our propolis samples 
matched these characteristic descriptions. Many researchers 
have also described the aromatic scent of propolis.2,5,8,20,33-37

Among all of the samples collected, only gallic acid was 
determined at a measurable level. The mean gallic acid con-
centration was 216.2 μg/g (Table 3), which is low compared to 
propolis found in temperate regions. In this study, according 
to the method used, chromatogram peaks were weak, small, 
and low in number and mainly appeared from 1 minute up 
to 15 minutes. This finding is in contrast to observations re-
ported by Oruç et al8, who – using the same methods as we 
did – investigated propolis samples from the temperate cli-
mate of Turkey and found that peaks were consistent, high, 
and numerous; their chromatogram peaks appeared between 
1 minute and 70 minutes. 

Gallic acid is a phenolic compound with antibacterial38 
and antitumour39 activity. The constituent phenolic com-
pounds found in Burundian propolis are quantitatively and 
qualitatively different from the propolis components found 
in temperate climates. Previous studies conducted in sub-Sa-
haran Africa have revealed propolis from this region to con-
tain a high terpenoid content.26,30 This has been confirmed by 
researchers, such as Zhang et al,30 who investigated propolis 
samples from Uganda, Tanzania, Malawi, Zambia, South Afri-
ca, Cameroon, Nigeria, and The Gambia. They concluded that 
African propolis was rich in diterpenoids and triterpenoids. 

Papakroni et al26 found, for the first time, triterpenes, such 
as lupennon, β-amirin and lupeol, diprenyl-flavonoid lon-
chocarpol, and 6,8-diprenyl-eriodictyol in propolis samples 
from the Democratic Republic of Congo. Rushdi et al27 found 
α-amyrin, β-amyrin, α-amyryl acetates, β-amyryl acetates, 
n-alkanes, n-alkenes, methyl n-alkanoates, and long-chain 
wax esters in propolis samples from Ethiopia.

CONCLUSION
The absence of phenolic compounds other than gallic acid 
in Burundian propolis samples from is in concordance with 
studies that have reported terpenoids as the main constitu-
ents of propolis found in tropical areas, including sub-Sahara 
Africa. Despite the limitations of our study – including the 
small number of samples and narrow geographical distribu-
tion of propolis – the detection of gallic acid is important in 
terms of propolis quality and consumption and can be looked 
at as a starting point for designing new methods for charac-
terising and quantifying the phenolic content of propolis 
from sub-Saharan Africa.
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ABSTRACT 
Background: Zika virus infection during pregnancy has been recently associated with congenital microcephaly and other 
severe neural tube defects. However, the magnitude of confirmed cases and the scope of these anomalies have not been 
extensively documented. This review focuses on the magnitude of laboratory-confirmed congenital Zika virus cases among 
probable cases and describing the patterns of congenital anomalies allegedly caused by the Zika virus, information which 
will inform further research in this area.
Methods: We conducted a literature search for English-language articles about congenital Zika virus infection using online 
electronic databases (PubMed/MEDLINE, POPLINE, Embase, Google Scholar, and Web of Knowledge). The search terms 
used were, “zika”, “pregnancy”, [year], “microcephaly”, “infants”, “children”, “neonates”, “foetuses”, “neural tube defect”, 
and “CNS manifestations” in different combinations. All articles reporting cases or case series between January 2015 and 
December 2016 were included. Data were entered into a Microsoft Excel database and analysed to obtain proportions of the 
confirmed cases and patterns of anomalies.
Results: A total of 24 articles (11 case series, 9 case reports, and 4 others) were found to be eligible and included in this 
review. These articles reported 919 cases, with or without microcephaly, presumed to have congenital Zika virus infection. Of 
these cases, 884 (96.2%) had microcephaly. Of the 884 cases of microcephaly, 783 (88.6%) were tested for Zika virus infec-
tion, and 216 (27.6%; 95% confidence interval, 24.5% to 30.8%) were confirmed to be Zika virus-positive. In addition to mi-
crocephaly, other common abnormalities reported – out of 442 cases investigated – were calcifications of brain tissue (n=240, 
54.3%), ventriculomegaly (n=93, 20.8%), cerebellar hypoplasia (n=52, 11.7%), and ocular manifestations (n=46, 10.4%).
Conclusion: Based on the available literature, Zika virus infection during pregnancy might lead to a wide array of outcomes 
other than microcephaly. There is a need for more epidemiological studies in Zika-endemic areas, particularly in Africa, to 
ascertain the role of Zika virus in causing congenital neurological defects.
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INTRODUCTION

Zika  virus  (ZIKV)  is  anarthropod-borne  virus  trans-
mitted mainly by mosquitoes of the genus Aedes.1,2 

ZIKV was discovered in East Africa in 1947 from rhesus 
monkeys in Uganda’s Zika forest, and human cases were 
confirmed a few years later in Tanzania and the Cen-
tral African Republic.3 In recent years, the public health 
impact of ZIKV has been underscored by its associa-
tion with Guillain-Barré syndrome and central nervous 
system congenital abnormalities.4-6 Between 2007 and 
2016, several ZIKV outbreaks were reported in 52 coun-
tries and territories, including 40 countries that reported 
autochthonous transmission. By January 2016, locally 
transmitted cases from Puerto Rico and 19 countries 
or territories in the Americas had been reported to the 

Pan Africa Health Organization.7 A total of 51,473 sus-
pected cases of ZIKV had been reported in Brazil alone 
by March 2016.8 In sub-Saharan Africa, outbreaks have 
been reported in Gabon,2 and recently, sporadic cases 
were reported in Angola.9

ZIKV is transmitted by mosquitoes, primarily of 
the genus Aedes. Aedes species, including Aedes aegyp-
ti, Aedes africanus, Aedes hensilli, and Aedes albopictus 
have been linked with ZIKV transmission. For example, 
A. hensilli mosquitoes were implicated in the 2007 Yap 
State outbreak in Micronesia. In Africa, the predominant 
Aedes species vector has not been definitively identified, 
although viral isolation studies suggest that A. albopictus 
was likely the vector connected to the 2007 ZIKV out-
break in Gabon.2,10-12 ZIKV infection is known to result 
from intrauterine or intrapartum transmission from a 
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viraemic mother to her foetus or newborn (both resulting 
in congenital infection), sexual transmission, blood transfu-
sions, and laboratory exposure.13-15 Although ZIKV RNA has 
been detected in breastmilk, transmission through breast-
feeding has not been documented.16

ZIKV infection is asymptomatic in about 80% of cas-
es17,18; when symptoms are present, they are usually mild 
and self-limiting. Commonly reported symptoms include 
rash, fever, arthralgia, myalgia, fatigue, headache, and con-
junctivitis. These symptoms usually resolve within 2 weeks. 
Several clinical sequelae have been associated with ZIKV in-
fection. ZIKV-associated congenital abnormalities have been 
observed in many countries outside of Africa.19-22 Following 
increasing reports on its association with congenital micro-
cephaly in the Americas and Europe,23-25 the World Health Or-
ganization (WHO) declared ZIKV a public health emergency 
in early 2016.

The evaluation of clinical symptoms alone is unreliable 
in the diagnosis of ZIKV infection because of clinical overlap 
with other arboviruses. The diagnosis relies on laboratory 
testing; molecular amplification with real-time polymerase 
chain reaction (RT-PCR) assays on serum samples remains 
the most specific diagnostic approach and is the preferred 
testing method for ZIKV during the acute phase (<7 days from 
symptom onset). Serologic testing for ZIKV is another option, 
although it is limited by potential cross-reactions with other 
flaviviruses, particularly dengue virus.19,20

There is no specific treatment or vaccine available for 
ZIKV infection. Management is based on supportive care, in-
cluding rest, fluids, antipyretics, and analgesics. Other general 
measures focus on the prevention of mosquito bites include 
personal protection by wearing long pants, long sleeves, 
light-coloured clothing, and using insect repellents and bed 
nets. Pregnant women residing in countries that are not ZIKV 
endemic are advised against travel to affected countries. Test-
ing should be offered to all pregnant women who have trav-
elled to areas with ongoing Zika virus transmission.

Previous and ongoing studies have investigated the ap-
parent causal link between ZIKV infection and congenital 
anomalies and sequelae, with the majority of reported cases 
falling under the “probable” category because of a lack of lab-
oratory evidence to support the hypothesised causality. This 
obfuscates the magnitude of the problem. There are limited 
data to help quantify confirmed cases and the associated pat-
tern of anomalies. It is important to generate, analyse, and 
compile such data because most anomalies allegedly caused 
by congenital ZIKV infection can also be caused by other 
pathogens, such as rubella virus, cytomegalovirus, Toxoplas-
ma gondii, parvovirus B19, Treponema pallidum, and herpes 
simplex virus type 2, for example.21 This review aimed at 
documenting the magnitude of the reported laboratory-con-
firmed congenital ZIKV cases and the patterns of congenital 
anomalies potentially caused by congenital ZIKV infection. 
This information may be useful for ascertaining the knowl-

edge gap to be filled by future research, especially as there are 
still more questions than answers regarding congenital ZIKV 
infection.

METHODS

Search Strategy
We conducted a literature search for English-language arti-
cles about ZIKV infection published between 2015 and 2016. 
During this period, WHO and different organisations, such as 
the US Centers for Disease Control and Prevention (CDC) laid 
down clear guidelines for ZIKV diagnosis. The search terms 
used were, “zika”, “pregnancy”, [year], “microcephaly”, “in-
fants”, “children”, “neonates”, “foetuses”, “neural tube defect”, 
and “CNS manifestations” in different combinations. After 
each search, the links displayed in the abstracts were followed 
to yield more results. The bibliographies of the retrieved arti-
cles were carefully reviewed to yield more articles.

Information Sources
Information was searched from the online databases 
PubMed/MEDLINE, POPLINE, Google Scholar, Embase, and 
Web of Knowledge between 1 July and 31 December 2016. 
Only studies published in scientific journals were included. 
We used a checklist to extract the relevant information from 
each included article, and no authors were contacted for ad-
ditional information.

Eligibility Criteria and Study Selection
As this review aimed to quantify laboratory-confirmed cas-
es and delineate the pattern of anomalies, we included case 
reports, case series, and cross-sectional studies with descrip-
tions of cases published in English between 2015 and 2016. 
All search results reporting on cases were included in this 
review. Articles were screened for the completeness of data; 
articles reporting ZIKV infection in the general population, 
news and epidemiological alerts, review articles, and articles 
with evidence of data repetition were excluded. All studies 
were assessed for methodological quality using a checklist.26

A total of 2,134 articles and abstracts were obtained; 1,761 
were excluded because of duplication, leaving 373 abstracts 
and articles to be analysed for eligibility, of which 320 were 
excluded. Finally, 53 full articles were critically reviewed. 
Only 24 articles (11 case series, 9 case reports, 2 cross-sec-
tional studies, 1 case–control study, and 1 cohort study) were 
found to be eligible and included in this review (Figure 1).

Data Collection Process
Two independent reviewers performed data extraction using 
a checklist with the headings Author, Study Period, Year of 
Publication, Study Area/Country, Sample Size, Study Design, 
Clinical Presentation, Imaging Results, Cases Tested, Diag-
nostic Technique, and Mother Symptoms, where applicable. 
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All studies described cases, and laboratory confirmation was 
done using recommended techniques, such as RT-PCR and 
IgM immunoassays.19,20

Summary Measures
Unweighted analysis was carried out, whereby the outcomes 
of individual studies were counted to quantify the propor-
tions of cases with microcephaly and laboratory-confirmed 
cases, as well as describe patterns of congenital anomalies. 
We calculated 95% confidence intervals using 2-sample pro-
portion tests.

Ethical Approval
Ethical approval to conduct and publish this review was ob-
tained from the Joint Catholic University of Health and Allied 
Sciences/Bugando Medical Centre (CUHAS/BMC) Ethical Re-
view Committee (CREC/043/2014/2015/2016).

RESULTS

Study Characteristics
Of the 24 articles included in the final analysis, 20 (83.3%) 
were case series or case reports. Most of the data were col-
lected between February 2015 and June 2016. The majority 
(n=21, 87.5%) of the studies were conducted in South Amer-
ica (Table). Seventeen (70.8%) of the articles reported on lab-
oratory results associated with ZIKV infection. Five articles 
reported PCR as the sole laboratory technique, while 13 ar-
ticles reported the use of IgM immunoassays along with PCR 
assays. All articles reported on the presence or absence of mi-

crocephaly. Nineteen (79.2%) of the studies investigated oth-
er causes of congenital anomalies, such as rubella, T. gondii, 
cytomegalovirus, parvovirus B19, T. pallidum, herpes simplex 
type 2, and HIV. Various combinations of ultrasound, com-
puted tomography, magnetic resonance imaging, and plain 
x-rays were employed to establish imaging findings. Seven-
teen (68%) articles reported on maternal clinical signs and 
symptoms during pregnancy.

Synthesis of Results
A total of 919 cases with central nervous system manifesta-
tions with or without laboratory confirmation of ZIKV infec-
tion were reported in the 24 articles. The majority of these 
studies were from Brazil (Table). There were 884 (96.2%) cas-
es of microcephaly. Maternal clinical data were available for 
309 mothers whose babies had microcephaly. Among these 
309 women, the common signs and symptoms were rash 
(n=189, 61.8), arthralgia or myalgia (n=65, 21%), and fever 
(n=62, 20.1%). The details of the analysed articles are sum-
marised in the Table.

Diagnosis of ZIKV Infection
Out of 884 cases of microcephaly, 783 (88.6%) were tested for 
ZIKV infection. Of the 783 tested samples, 216 (27.6%; 95% CI, 
24.5% to 30.8%) were confirmed to be positive for ZIKV in-
fection. Of 35 cases without microcephaly, 11 (31.4%) tested 
positive for ZIKV infection. Of the 227 confirmed cases, most 
(n=153, 67.1%) were confirmed by IgM enzyme immuno-
assay (EIA). The commonest sample type used for laborato-
ry confirmation of ZIKV infection was blood (n=761 of 783, 

FIGURE 1. PRISMA Diagram Outlining the Article Selection Process
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97.2%), followed by cerebrospinal fluid in 86 (11%) of 783 
cases. Both amniotic fluid and tissue samples were used in 
14 cases, urine was used in 8 cases, and amniotic fluid only 
was used in 8 cases. Four cases relied on only tissue samples 
for diagnosis. Histopathological findings using haematoxylin 
and eosin staining and immunohistochemistry were investi-
gated for 6 cases, all of which had calcifications, with macro-
phages and perivascular infiltrates observed in 1 case.

Imaging Findings
Of the 883 cases with microcephaly, imaging results were 
available for 442 (50.1%). The commonest finding was calcifi-
cations (n=240, 54.3%), followed by ventriculomegaly (n=92, 
20.8%), cerebellar hypoplasia (n=52, 11.7%), and ocular man-
ifestations – including chorioretinal scarring, macular pig-
mentation, fovea and reflex loss, microphthalmia, intraocular 
calcifications, cataracts, and microphthalmia (n=46, 10.4%). 
Other findings included cortical hypogyration (n=23, 5.2%), 
arthrogryposis (n=15, 3.4%), lower limb manifestations (n=6, 
1.4%), cerebral atrophy (n=2, 0.5%), and hydrocephalus 
(n=1, 0.25%). The details of the findings are summarised in 
Figure 2. Adverse pregnancy outcomes observed were mis-
carriages (n=7), intrauterine growth retardation (n=4), hy-
drops foetalis (n=1), and stillbirths (n=2).

DISCUSSION
This report summarises the magnitude of confirmed congen-
ital ZIKV infection and the scope of anomalies that might be 
caused by ZIKV. An important finding is the magnitude of 
the confirmed cases, which reflects progress in investigating 
the link of causality. Only a quarter of “probable cases” were 
laboratory confirmed as cases of ZIKV infection. The small 
proportion of confirmed cases could be due to the unknown 
course of the disease, the time taken for viral markers to dis-
appear after congenital infections, and the sensitivity of the 
available assays. There is a need for a coordinated effort to 
develop inexpensive, specific, and sensitive tests to diagnose 
ZIKV infection. To date, only a few assays have been approved 
and recommended by WHO.22

Another important observation is that three-quarters of 
ZIKV studies in this review ruled out other causes of congen-
ital anomalies – such as rubella virus, T. gondii, cytomegalo-
virus, parvovirus B19, T. pallidum, herpes simplex type 2, and 
HIV – which is important for providing more robust evidence 
for the association between ZIKV and congenital anomalies. 
It is crucial to screen for other causes of congenital anomalies 
during the diagnosis of potential ZIKV cases, particularly in 
developing countries where these infections are most prev-
alent.27-36

The majority of the articles in this review included 
well-studied cases highlighting the widely varying patterns 
of congenital ZIKV presentation. As has been done for the 

FIGURE 2. Imaging Findings for 442 Microcephaly Cases
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Study 
Number Study Designref Study Location Sample Size

N
CNS Manifestations

n
Microcephaly

n
Lab results

n

1 Case report23 Washington DC, 
USA 1 1 0 ND

2 Case report24 Paraiba, Brazil 2 2 2 2

3 Cohort study25 Rio de Janeiro, 
Brazil 88 12 4 ND

4 Case series27 Pernambuco, Brazil 7 7 7 2

5 Case series43,60 Eight states, Brazil 35 35 35 ND

6 Case report44 Sao Paulo, Brazil 1 1 0 ND

7 Case series16 French Polynesia 3 2 2 ND

8 Case report10 Paraiba, Brazil 2 2 2 2

9 Case report46 Slovenia, Europe 1 1 1 1

10 Case–control47 Recife, Brazil 32 32 32 13

11 Cross-sectional48 Brazil 602 602 602 76

12 Case series49 Paraiba, Brazil 23 23 23 7

13 Case report50 Salvador, Brazil 1 1 1 1

14 Case report51 Pernambuco, Brazil 70 70 70 70

15 Case series52 Brazil 5a 5 2 2

16 Case series53 French Polynesia 19 19 8 4

17 Case series54 Salvador, Brazil 29 29 29 ND

18 Case report55 Brazil 1 1 1 1

19 Case series56 Paraiba, Brazil 11 11 11 6

20 Case report58 Spain 1 1 0 1

21 Cross-sectional59 USA 26 26 18 26

22 Case series60 Brazil 19 19 19 5

23 Case series13 Brazil 3 3 3 2

24 Case series61 Brazil 13 13 11 13

Total 994 919 884

aThe diagnosis included 3 tissues samples

Abbreviation: ND, not determined

TABLE. Summary of the Articles Included in the Review
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congenital rubella syndrome,37 there is a need to establish a 
pathognomonic features list and case definitions for congen-
ital ZIKV infection.

Regarding laboratory diagnosis of ZIKV infection, half 
(n=12) of the included articles confirmed ZIKV infection us-
ing EIAs and PCR assays. The diagnosis of ZIKV infection – 
similarly to other closely related viruses, such as the chikun-
gunya, dengue, and yellow fever viruses – has become chal-
lenging due to cross-reactivity, which hinders the specificity 
of the available diagnostic techniques.38,39 Sensitive and spe-
cific assays to confirm ZIKV infection are in high demand at 
this time of increasing anxiety related to ZIKV and its associ-
ated sequelae in both developed and developing countries. 
Given that most congenital infections are associated with 
similar maternal clinical presentations during pregnancy and 
given the high incidence of congenital anomalies with un-
identified causes being reported in developing countries,40 re-
liable and affordable diagnostic techniques for the screening 
these infections at the point of care are paramount.
This review highlighted the common clinical manifestations 
of congenital ZIKV infections. Cerebral calcifications were the 
most common imaging finding, followed by ventriculomeg-
aly, cerebellar hypoplasia, and ocular manifestations. This 
suggests that congenital ZIKV infection causes a wide array 
of congenital anomalies, aside from microcephaly, which 
calls for thorough clinical examinations and investigations 
of all neonates with congenital anomalies. Even though ZIKV 
is known to be neurotropic,41,42 manifestations involving 
other organ systems are possible, and this must be remem-
bered when considering ZIKV’s role in causing congenital 
anomalies, particularly in endemic developing countries 
where the majority of congenital anomalies have no identi-
fied causes. Furthermore, apart from the congenital abnor-
malities mentioned herein, ZIKV might also cause a diverse 
range of adverse pregnancy outcomes, such as miscarriages, 
stillbirths, and intrauterine growth retardation.

In general, this review provides an overview of the cur-
rent situation regarding confirmed congenital ZIKV infection 
along with the scope of outcomes, which may be useful for 
future research and for designing control strategies. Never-
theless, we must mention several drawbacks. For example, 
some of the articles did not clearly indicate how many micro-
cephalic newborns underwent imaging studies. This might 
lead to an inaccurate understanding of the patterns of im-
aging findings. Similarly, most of the articles did not report 
maternal clinical features during pregnancy, information 
that could lead clinicians to have a high index of suspicion 
for ZIKV infection when appropriate. Another limitation was 
that some studies did not rule out other causes of congenital 
anomalies.

CONCLUSION
Congenital ZIKV infections might be associated with a wid-
er spectrum of anomalies aside from microcephaly. This ne-
cessitates thorough clinical examination and investigation 

whenever a congenital infection is suspected. Diagnostic as-
says to confirm ZIKV infection are urgently needed, especially 
in areas where ZIKV is endemic. There is a need to develop a 
standardised format for reporting results regarding congen-
ital ZIKV infections to allow pooling of data for public use. 
Additionally, we recommend further research on ZIKV strains 
in relation to the pattern of congenital anomalies.
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