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ABSTRACT

ackground: Malaria is known to contribute to reduction in productivity through absenteeism as worker-hours are

lost thus impacting company productivity and performance. This paper analysed the impact and effects of malaria

infectivity on productivity among workers through absenteeism.Methods: Three methods were employed for data
collection namely: survey, field observation and the use of questionnaire. The questionnaire was designed to enable the
researcher to assess and collect the required data in all aspects of effect of malaria on productivity and loss of man hour.
Results: The distribution of respondents by sex the sample population is made up of 100 (48%) males and 108 (52%)
females. The male makes 48% of the population while the female is 52%. All categories of age are affected by malaria,
33% from age group 4-5, 20% from 21-30, 22% from 31-40, 12% below 20 years and 31 7% from 51 and above. Malaria
does not respect age group. From the respondents 204 (98%) respondents indicated that they have had malaria infection,
while 4 (2%) said no. Also 58% of the respondents worked for 8 hours daily, 24% worked for 10 hours daily and 18%
worked 12 hours daily. 63% of the respondent worked 5 days per week; 29% worked 6 days per week; while 8% worked 7
days per week. Conclusion: Malaria contributes significantly to worker absenteeism. Employers, therefore, ought to put
measures that protect workers from malaria infections. Protecting workers can be done through malaria educative
campaigns, providing mosquito nets, providing insecticide-treated work suits, providing repellents and partnering with

different ministries to ensure protection of workers from mosquito bites.

Key Words:

INTRODUCTION

alaria, which isavector-borne disease, has been in

the world for over thousands of years. There is

hardly any country in the tropics that has not
experienced malaria at one point in time or the other. It has
therefore become a disease without borders and has become
a major source in countries all over the world. The concern
by all nations of the world can be appreciated from the
background of the fact that malaria causes not only
approximately 250 million cases of fever and
approximately one million deaths annually but majority of
the cases occur in children under 5 years old. Pregnant
women are similarly highly vulnerable and liable to
infection. The danger is that if the prevalence of malaria
remains on its upward course, the death rate from malaria
would double to 2 million annually within the next twenty
years. Malaria brings to an end either suddenly or
gradually, human existence. Malaria causes painful but
preventable deaths all over the world. It is no wonder
therefore, that governments at all level, and in countries all
over the world do not sit down and fold their arms and allow
the disease to decimate populations in their territories,
(WHO, 2008).

At the international level, an organization, the World
Health Organization (WHQ) came into existence by the
agreement of all United Nations members on the 19" of
April 1948. The mandate of the WHO includes “the
attainment by all peoples of the highest possible level of
health”. Its major task is to combat diseases, especially key
infectious diseases, and to promote the general health of the
people of the world. Hence it has taken seriously the issue of
malaria prevention, control and treatment in all member
states worldwide. The various experts in the organization
have continuously carried out researches and developed
treatment methods and drugs for the control and prevention
of malaria. The WHO in about two decades ago embarked
upon a programme of “Health for all by the year 2000”, and

one of the serious challenges facing the realization of this
ambitious goal for health is no doubt malaria. No wonder
the Global Fund for AIDS, Malaria and Tuberculosis was
similarly established to promote funding and logistic
support for nations in their bid to treat, control and probably
eradicate malaria within their territories.

In Nigeria, the Public Health Department was responsible
for health issues during the colonial period. They did their
best with regards to the issue of malaria. Indeed, it was
Britain's Sir Ronald Ross's work in General Hospital in
Calcutta that finally proved in 1898 that malaria is
transmitted by mosquitoes. Medicines and treatment pattern
developed for territories under the British Empire were
similarly brought to Nigeria and applied during the colonial
period.

Malaria is a major health problem in Nigeria accounting
for about 60 percent of out-patient attendance and 30
percent of hospital admission. Malaria transmission is high
all year round with estimated incidence rates of 2.5 per
person per year being attacked in the age groups 0 to 2 years.
Malaria also attacks 1.5 persons per year in the age group of
2-5years and 1.0 attack per person per year in the age group
above 10years. Nigeria received two global fund Malaria
Grants (Round 2 and 4) to implement malaria prevention
programmes in 18 states out of 36 states including the
Federal Capital Territory. The Yakubu Gowon Centre was
the principal recipient.

According to the 1999 constitution of the Federal
Republic of Nigeria, health has been placed on the
concurrent legislative list. By implication therefore, the
three tiers of government are vested with the responsibility
to promote health and prevent disease.

In the Federal Capital Territory, which is the case study
consideration has been placed on the secondary health care.
This is in line with the 1999 constitution. Thus, the federal
Capital Territory Administration has generally focused on
four major areas of health as defined by the WHO namely:
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the promotion of public health and vitality; the prevention of
infectious diseases as well as injury; the organization and
provision of services for diagnosis treatment of illnesses
and the rehabilitation of sick and disabled people to the
highest possible level of function. Malaria which forms this
case study falls under three of the four main areas of concern
for public health as enumerated by the WHO.

The Federal Capital Territory has been listed as one of the
territories which the Global Fund for the malaria was chosen
to be carried out under Malaria Grants (Rounds 2 and 4).
The funds are for implementation of malaria prevention
programmes. In what ways and to what extent the Federal
Capital Territory has benefitted from this programme would
be unraveled in this study.

Effect of Malaria on Productivity and Loss of Man hour

Ajani and Ashagidigbi (2008) in their study of effect of
malaria on Rural Households' Farm Income in Oyo state,
Nigeria, studied 100 respondents using stratified random
sampling technique. They found such factors as low level of
awareness (56%), use of modern preventive measures
(12%), poor sanitation conditions, and large household size
(8 persons) as major factors responsible for the high malaria
incidence in the rural household. In addition, the increase in
malaria incidence had a significant increase in the number
of days of incapacitation of an average of 22 days and an
income loss of N15,231.50 during the days of
incapacitation. The Organization of African Unity (OAU)
says that by the year 2000, it would cost African economy
$3.6 billion inayear as a result of working hours lost and the
cost of treatments. Rural households, unlike the fixed wage
earners not only lose valuable working hours in treating the
sickness but also lose income that would have been
generated at this period. This poor health status thus directly
affects the productive capacity of the households. This in
turn translates into income loss and eventual poverty
through the sick and the caregivers to the households.
According to Medical Health (2011), Malaria is not just a
disease commonly associated with poverty but also a cause
of poverty and a major hindrance to economic development.
In countries where malaria is common, they further argued,
average per capita GDP has risen (between 1965 and 1990)
only 0.4% per year, compared to 2.4% in other countries.

Poverty is both cause and effect. They compared average
per capita GDP in 1995, adjusted for parity of purchasing
power, between countries with malaria and countries
without malaria and found a five-fold difference (1,526
USD versus 8,268 USD). The article concluded that the
economic impact includes costs of health care, working
days lost in education, decreased productivity due to brain
damage from cerebral malaria, and loss of investment and
tourism. WHO (2009) concluded that Malaria is the most
significant health problem in Nigeria. The economic cost of
malaria, arising from cost of treatment, loss of productivity
and earning due to days lost from illness, may be as high as
1.3% of economic growth per annum. The study is aimed at
evaluating relevant issues pertaining to the effect of malaria
on productivity and also examine the impact of malaria on
productivity in the Federal Capital Territory.

Materials And Methodology

Three methods were employed for data collection
namely: survey, field observation and the use of
questionnaire. The questionnaire was designed to enable the
researcher to assess and collect the required data in all
aspects of effect of malaria on productivity and loss of man
hour.

The Study Area
The study area is located between latitudes 4°45'N and 6°
17N and longitudes 7° and 8°10'E. These constitute Federal

Capital Territory which is supposed to be developed in four
phases, Phase | comprises: Garki, Wuse, Maitama, Central
Business District, Asokoro. Phase Il comprises of Gudu,
Durumi, Wuye, Utako, Jabi, Mabushi, Katampe, Phase I11 is
Gwarimpa and beyond, while Phase IV comprise of Airport

Fig 1.1: Map of Abuja, Showing the study area
Abuja Phase |

Research Design

The study used a sample population to collect primary
data using instrument of structured questionnaire on the
following: Self-employed that were admitted as in-patients
in Maitama Hospital due to malaria.

(a) The next target groups were salary earners (civil
servants/ company staff) who were admitted as in-
patients in the wards due to malaria.

(b) Another category comprised of salary earners who
were treated in the out-patients Department and
discharged.

(c) Other groups were working class group who came
to the hospital for treatments and complaints not
related to malaria.

Sample Selection

In order to make the study comprehensive and to cover
all the target groups identified, sample was drawn from
three stratified groups. These were: malaria in-patients;
malaria out-patients and non-malaria patients.

After the stratification of the samples, each group was
randomly selected. The first fifty were selected for
administration of questionnaire.

Randomly selected were the in-patients who have been
classified into two groups namely: self-employed patients;
salaried workers.

The Study Population

The population were patients who attended Maitama
District Hospital, whose laboratory diagnosis showed
positive parasitemia. They were divided into three
categories.

The first target populations were patients who suffered
malaria and were admitted into the ward of the hospital for
treatment.

The second target groups were malaria sufferers who
came for the treatment and were seen at the Out-Patient
Department (OPD) and were not admitted into the wards.
The third category comprised of other patients who came to
the hospital and were sent to the laboratory for ailment other
than malaria. They were suffering from other diseases
which they came to Maitama District Hospital to consult a
doctor.

All the three categories were working class people. Some
were salary earners, while others were self-employed
people.

11 Nigeria Biomedical Science Journal Vol. 19, No. 3, 2022



Determination of Sample Size

The population of this study is a finite one. This makes it
possible to apply Yamane (1964) formula for determining
sample size from a finite population. Onwe (1988) supports
this principle.

formula states that

N=N

1+N(e)2

Where

n=Research population size

N =Population of the Study

| = Statistical Constant

E = Maximum margin of error at 0.125% level of
confidence

The researcher decided to distribute the same size according
to the strata of the population using the principle of

RESULT
Table 1.  AgeDistribution of Respondents
Below 20 years 25 12
21-30 55 26
31-40 45 22
41-50 68 33
51 and above 15 9
Total 208 100

Sex Distribution of Respondents

Figure2. Thedistribution of respondents by sex

The sample population is made up of 100 (48%) males and
108 (52%) females. The male make 48% of the population
while the female is 52%.

Gender

Educational Qualification of Respondents
Table 3. Educational qualifications of respondents

Qualification Number  Percentage (%)
School certificate and 56 27
below
OND/NCE or 50 24
equivalent
AHND/BSC or 54 26
equivalent
MSc or equivalent 37 8
Ph.D 11 5
Total 208 100

Babiana Nonye Egenti,

In-patient/ Out-patient category in the Hospital

Three categories of patients were involved in the study
namely: 140 out-patients (67%); 60 in-patients (29%) and
non-malaria patients (4%).

Figure 4.2: The malaria treatment category of the
respondents in the hospital

T
El%
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20%
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Number of Hours and Days Respondents work

Hours Number  Percentage (%)
8 hours 120 58
10 hours 50 24
12 hours 38 18
Total 208 100
Days per week Number  Percentage (%)
5 days 130 63
6 days 60 29
7 days 18 8
Total 208 100
4.10 If employed: salary per hour, day, week, and
month

Respondents who were salary earners gave their earnings
per month, week, days and hour and these are analyzed in
table 4.8. Also for senior staff, an average of N130,000 was
considered, the middle income salary was N60,000, while
the junior staff salary taken was N 10,000 per month. 30 days
a month, 7 days a week and 24 hours per day were
considered as yard stick for the calculations.

Table 4 Average salary per month/week/day/hour

Period Junior Staff Middle Staff Senior Staff
Nk Nk Nk
Per hour 13.88 83.33 180.55
Per day 333.33 2,000.00 4,333.33
Per week 2,500.00 15,000.00  32,500.00
Per month 10,000 60,000.00  130,000.00
Total 150
Respondents

Nigeria Biomedical Science Journal Vol. 19, No. 3, 2022 12
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4.111Income for self-employed patients

Table 5 The income for the self-employed patients are analyzed

Category Salary per ~ Salary per  Salary per  Salary per
Month (MN.k) Week (M.k) Day (dM.k)  Hour M.k)
Low income 50,000 12,500 1,666.66 69,44
Middle income 100,000 25,000 3,333.33 138.88
High income 200,000 50,000 8,666.66 277.77
Total number of 58
lrespondents

412 Malariaand respondents

204 (98%) respondents indicated that they have had malaria
infection, while 4 (2%) said no. The results are shown in the
figure 2 below.

Figure 4.3: Responses to infection by Malaria

1008

BO%

Percentage Responses

Yes Mo

Productivity/output of work lost to malaria

Productivity/ Output Number  Percentage (%)

lost
10 86 42
20 29 29
30 58 14
40 13 8
50 10 5
60 4 2
Total 200 100

Man hour lost this week to malaria

On the number of man hour lost their week to malaria
responses received are in table

Man hour Number Percentage (%)
20 66 33
30 42 21
40 46 23
50 24 12
60 22 11
Total 200 100

Percentage of man-hour loss incurred as a result of their
malaria

Respondents were asked the percentage of man hour loss as
aresult of this malariaand their responses.

Percentage of man hour Number Percentage (%)

loss
Less than 20 35 18
20-30 58 29
31-40 44 21
41-50 30 15
51-60 22 11
Above 61 11 6
Total 200 100

Level of productivity/output in place of work before
malariaattack

Respondents were asked to provide their level of
productivity/output in their place of work before the malaria
attack and theiranswersare intable 4.33

4.33 Level of productivity/output in place of work
before malaria attack
Level of productivitybutput Amount
Average per hour 1,000
Average per week
Total 70,000

Discussion of Finding

The study on the effect of malaria on productivity focused
on patients in Maitama District Hospital, Abuja. It
examined five different relevant issues to malaria and
productivity namely: Malaria treatment, cost of treatment,
diagnosis, prevention and control measures, productivity
and man hour loss due to malaria and the Roll Back Malaria
programmes and their effects.

From the research findin?, it is quite clear that malaria
affects two critical issues as far as the working population is
concerned. These are loss of man-hour and productivity.
The study found that there is a positive correlation between
loss of man-hour and productivity as far as malaria was
concerned.

Characteristics of Respondents
The Study found that malaria affects people of different
ages, sex, educational backgrounds, salary-earners and self-

13 Nigeria Biomedical Science Journal Vol. 19, No. 3, 2022



employed people. There is no group that is left out. It affects
both junior and high management personnel. Indeed, the
study found that malaria is no respecter of persons, male,
female, rich or poor. It attacks whoever is available without
fear or favour.

Malaria Treatment Cost

The study found that different levels of cost were incurred
for the treatment of malaria by the patients selected for the
study. These costs involved: transportation to the hospital;
consultation fee; laboratory test fees; cost for medication
prescribed by the doctors; and cost for bed and admission
fees for those patients who were admitted for malaria. The
study found that for out-patients, depending on the
medication prescribed by the doctors, the cost at Maitama
District Hospital could be up to N3,500 (Three Thousand
Five Hundred Naira). For those on admission, the costs are
relatively higher because it depends on number of days they
spent on admission and further treatment. The study found
that those on admission could pay for the out patients, the
study also found that the 160 patients spent N560,000, while
for the in-patients, the total 60 of such patients could be with
N456,000 (Four Hundred and fifty six thousand naira).
These treatment cost did not involve other vitamin
supplements and other essentials which they may be
advised to buy outside the hospital and use to help them
recover quickly. The study therefore found that Malaria
which affects virtually everybody in the population is
becoming expensive to treat. For example the estimated
N3,500 spent by these out-patients to treat malaria in this
hospital for just one day is ever higher than the income of
many Nigerians. Hence they would rather go to
pharmacists/chemists to treat themselves or at the worst do
self-medication instead of going to the hospital to receive
proper treatment against malaria.

Man-hour/days lost due to malaria

The study found that it is not only money that is required
for proper treatment in the hospital that is used by the
patient. Another source of loss found in this study is man-
hour and can even last days, when the malaria persists or
even becomes recurrent. The loss of time can be classified
into two namely; loss of time spent in Maitama District
Hospital to access treatment and loss of days thereafter
before the patients could fully recuperate.

The study found that the least time they lost in the hospital
while trying to access treatment was 1 hour. For most of the
patients, who are even out-patients, they could spend up to 5
hours in the hospital for treatment. While those who were
admitted into the wards could spend between 3 to 5 days
before they are discharged. Some even spent 2 weeks as
found in the study.

The second loss could be assessed in terms of number of
days in which the patents suffering from malaria lose. For
the in-patients, the study found that they could lose between
one day and 2 weeks in the wards. While for the out-patents,
they could lose between 3 to 10 days. Indeed, they may lose
extra days because they have to come back to get their test
results and see the doctors who will have to review their
malaria situation. Sometimes, further laboratory
investigations could be prescribed and the patient may still
have to lose further time. The percentage of man-hour loss
incurred from malaria attack varied from less than 20% to
above 61%.

Loss of income due to malaria

The study found that it was not just man-hour and days
that the patients lost, but they equally lose income. This has
a much more serious effect on them especially if they were
self-employed. While for salary earners, it is their
employers that incur loss, especially if they are unable to go
to work and perhaps a temporary hand is either hired to

Babiana Nonye Egenti,

cover their schedule. If no temporary hand could be hired,

their role in the whole production process may be lost,

thereby affecting the overall income/revenue especially if it
isamanufacturing outfit.

The study found that for the junior staff category, they lost
N13.88 per hour; N333.33 per day out, N2500 per week and
N10,000 per month. While for the senior management
category, they lost N180.55 per hour, N333.33 per day,
N32,500 per week and N130,000 per month. All these losses
when considered together are quite enormous.

For the self-employed patients, the income the loose

includes:

(a) For junior/hour-income, N69.44 per hour, N1,666.66 per

day; N12,500 per week and N50,000 per month.

(b) For middle income earners, they lost N138.88 per hour,
N3,333.33 per day, N25,000 per week, N100,000 per
month.

(c) For the high-income earners, they lost N277.77 per hour,
N8,666.60 per day, N50,000 per week and N200,00 per
month.

Indeed to attend Maitama District Hospital for malaria
treatment for one day, the income lost by self-employed
patients, the amount varied from N100 per hour to N4,000
for the day. These losses are quite big and not encouraging
especially if the person is running a one-man type of
business. Their business or shop may have to be closed
down completely for the entire period (hours or days) when
they are away to seek medical attention for malaria and may
indeed not be able to resume work in the shop for several
reasons after attending the hospital. There is also the
possibility for the person to suffer further loss, if the
customers cannot afford to wait and go elsewhere to get
attended to or get service. The percentage of income lost
through money spent on malaria treatment was found to
vary between 20to 70 percent, which is rather high.

Loss of Productivity

A major type of loss as a result of malaria is loss of
productivity by both employed and self-employed patients
who came to access treatment for malaria at Maitama
District Hospital. The study found that the
productivity/output of work lost due to malaria varied
between 10% and 60%. If one considers this along with
impact on their income or revenue, one will find this to be
quite high and unacceptable. When aligned with their
income and revenue (for self-employed patients), it was
found that the loss on average per hour was N1,000, per day
N10,000 and per week was over N70,000. Such amount of
productivity and revenue due to malaria attack is too
exorbitant.

When this loss of productivity is juxtaposed with the
number of days of “excuse duty” from work, one will begin
to appreciate the magnitude of such colossal loss. The loss
due to “excuse duty” ranged from 3 days to 30 days. This no
doubt, is a great loss in level of productivity and output of
work.

Malaria Prevention and Control

Another way to look at loss of productivity, income, man-
hour and so on, is to inquire how much the patients spent for
malaria prevention and control. It is a fact that malaria can
be prevented and controlled. Malaria prevention and control
measures as found in this study involved spending and
incurring costs on measures such a; insecticide treated nets;
insecticides such as mobil, raid, shelltox; construction of
windows and door nets as well as costs of fumigation of
their environment, including stagnant water and drainages.

We also found that many of the patients slept under
insecticide treated nets which they purchased ranging from
N500 to N2,000. Others who were lucky got theirs through
the local receipts of the global fund sources. The insecticide
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treated nets though quite important in preventing mosquito
bites by anyone sleeping under it, have their own limitation
too. Some of them are not so effective anymore. Besides,
they need to be “maintained”, washed and socked in certain
chemicals to make sure that they are effective again. Their
life span for efficacy may expire and needs proper
treatment. Not many patients can afford them, while some
don't like sleeping under them.

The study found that insecticides such as mobil, Raid,
Shelltox and so on were used at home by the patients. The
costs of these vary from N500 to N700. The insecticides
though quite effective, have their own limitations as well.
Rooms have to be closed and everyone evacuated while
spraying is going on as they could be toxic to our health. In
addition, apart from the fact that their costs are increasing
daily, some of them are not effective and may not kill the
mosquitoes even in the sprayed room.

Window and door nets were constructed in their homes by
some of these patients, the research found. The costs of
constructing these window/door nets are variable
depending on the number of doors/windows in the house.

Some of the respondents spent between N500 to N5,000
to construct the nets. Apart from the fact that they have to be
maintained from wear and tear, some patients complained
that they restrict fresh air from entering the rooms.

Other patients used “Sunday Sunday” medicines to
prevent malaria. They repeated that these medicines cost
between N100 and N500. Perhaps some of them may not be
too effective or if not regularly used may not be able to
prevent malaria attack.

The fumigation of stagnant water and other drainages
near the houses is another alternative which needs careful
programming and may not be for cost effective. It requires
efforts and intervention of governments to make them
effective. It is even in the instant fumigation of the
environment by government and their agencies that can
make it work effectively. Without such programmes, it is
quite doubtful if it can work.

This research found that the amount spent monthly by the
patients to prevent mosquito bites is high and is doubtful if
too many people can afford that on a regular basis. The
percentage of money spent monthly by the patients to
prevent malaria attack relative to their income/revenue
ranged between 20% and 50%. Yet they still had malaria
attack requiring them to go to hospital for treatment.

Roll Back Malariaand their programmes

Not many of the patients were aware of the National
Strategic Target for Roll Back Malaria in Nigeria which ran
between 2001-2005 and also 2006-2010. This research also
found that majority of the patients were also not aware of
efforts by the public sector, government and its agencies,
Community Based Organizations (CBOs), Non-
Governmental Organizations (NGOs) on malaria reduction
in Nigeria. Similarly, many were not aware of Global Fund
for HIV/AIDs/TB and malaria.

A lot more needs to be done so as to ensure that majority
of the people feel the effects of Global Fund for Malaria and
benefit more by way at reduction in malaria incidence in the
country.

Recommendations and Conclusion

This research has established the effects of malaria on
productivity. The impact of malaria on productivity among
patients attending Maitama District Hospital malaria was
found in this research to have a negative effect on
productivity of the working class population of patients
attending the hospital, and also to have adverse effect on the
incomes and revenues through loss of man hour and money
spentto procure treatment at the hospital.

Based on the dual effects of malaria on the patients,
affecting their productivity, time and income, the issues of
malaria diagnosis and treatment on one hand was compared

to that of malaria prevention and control. The issues if
understood can go a long way in reducing the effect of
malaria on productivity for the working class population
attending Maitama District Hospital.

Malaria is a disease that cannot ignore groups,
educational qualification and professional achievement.
Malaria can also be recurrent especially if not properly
treated and completely addressed. It can lead to complicated
health problems, even though it is preventable, treatable and
curable.

The causes of malaria have been well treated in this study.
The main source which is the biting of human being by
infected female anopheles mosquito and transmitting of
plasmodium parasites to humans. Therefore the most
effective and critical remedy is the total eradication of
mosquitoes since they are the main vectors of malaria
parasites.

This research thus found that correct diagnosis plus
appropriate and full treatment received in the hospital led to
correct situation of receiving cure from malaria.

Recommendations

There is an urgent need to review properly in details all
the past efforts amended to tackling malaria in the Federal
Capital Territory in particular and in Nigeria as a whole.
These effects should be practically reviewed as there are
serious gaps and lapses, which have rendered them
ineffective.

It is recommended that in advert to liberate the working
class people in particular and indeed creative Nigerian
people from the menace of malaria and its effect as found in
this study, the Roll Back Malaria programme in Nigeria
should be totally overhauled. The programme has been done
in two cycles of 5 years each totaling 10 years, and yet there
seem to be no-effect.

The monthly environmental sanitation should be
strengthened to ensure that our environment remains clean
and will not be a breeding ground for mosquito. Various area
councils within the Federal Capital Territory, NGOs, and
CBOs should include general fumigation of environment as
part of Roll back malaria Programme.

Conclusions

Therefore, the total and effective elimination of
mosquitoes and indeed emancipation of inhabitants of the
Federal Capital territory, Abuja from malaria is through the
constant effort of all. All hands should be on deck towards
the fight against malaria as well orchestrated programme
and a battle of mosquito eradication taken directly to the
breeding places and homes of mosquitoes.
That is the only way out in Abuja, the Federal capital
Territory. The fight against mosquitoes and the end of
malaria is a task that must be done jointly by all inhabitants
of Abujacity.

Contributions to Knowledge.

This study has made humble contributions to knowledge
and stakeholders in the issue of malaria.

To the Federal Capital Territory Administration the study

should provided them a better understanding on the way out
of solving malaria health problems within the territory.
For the Area council in the FCT, especially Abuja Municipal
Avrea Council, this study should be an eye-opener for them
to know what programmes to effectively embark upon
within the Area council to solve malaria menace.

As for the N.G.Os, C.B.Os and Civil Society
Organizations operating within Abuja City, this study will
be a wake-up call for them to now charge and focus on the
proper way forward in the elimination of malaria in the city.
Communities too will benefit and a lot in the Abuja city by
waking up to face the challenges posed by Malaria which
makes individuals sick and even die if not properly treated.
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Individuals would also benefit from this study by
knowing that the cleaning up drainages, stagnant water and
environmental cleanliness being anchored by the monthly
sanitation progamme in the FCT is a programme that should
be taken seriously. It will eliminate mosquitoes, the main
cause of malaria.

For the hospitals within Abuja City such as Maitama
District Hospital that are over worked and completely
overwhelmed by malaria patients, they too will learn the
need to embark on Advice programmes to the authorities
within the city to wake up, kill mosquitoes and stop the
scourge of malaria. This will enable the hospitals to
concentrate on other more serious public health diseases
and problems.

Areas for Further Research

This research does not claim to cover all aspect of effects
of malaria on productivity. There is therefore, room for
further research especially in areas that could not be
comprehensively dealt with in this research because of time
and fund limitations.

Such areas for further research may include effect of
malaria on pregnant women and children under 5 years of
age, effect of malaria on old-age people; effect of malaria on
school children; effect of malaria on people living with
HIV/AIDs and such. They may also include a programme
for development of community involvement organised
private sector involvement in tackling malaria.
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ABSTRACT

bjectives: Not many reports have covered large-scale point of care testing (POCT) blood glucose comparisons, and

many interfering factors affect detection. This study aims to verify the performance of POCT blood glucose meters

and discusses the factors that interfere with detection. Methods: Accuracy and precision verification in five
glucose concentration groups-high 1 (H1), High 2 (H2), medium 1 (M1), medium 2 (M2), and low (L); comparison of
different test methods and specimens; and also the influence of iodophor was investigated in a dilution experiment.
Results: A total of 58 out of 64 Accu-Chek Inform Il POCT blood glucose meters (ACI 11) qualified for testing. A
proportional significant difference in the relative bias was observed with the POCT instruments in the intermediate and
high glucose concentration groups (H=15.364, p=0.02). There were significant differences among the five groups with
compliance rates (?2=21.03, p=0.00); Group L showed higher values than groups H1 and H2. The precision verification
met the requirements issued by the Consensus. Significant differences were found between the three detection methods.
The measurement of the Glucose Oxidase Method (Cobas B 123) was lower than that of the HITACHI Plasma
Hexokinase Method and the Glucose Dehydrogenase Method on the ACI 11 (p=0.005 and 0.003) in the preliminary study.
No differences were seen among the three types of specimens (p>0.05). The glucose results were incorrect in the presence
of iodophor interference. Conclusions: The ACI Il and Cobas B123 (with a slightly negative bias) provide sufficiently
accurate measurements, and all types of blood specimens can be applied. lodophor, a disinfectant, interferes with glucose
measurement.

Keywords: iodophor; methodological comparison; performance verification; POCT blood glucose meter; specimen type.

INTRODUCTION

s one of the “five parts” of diabetes management in
China, blood glucose monitoring is an essential
index for clinicians to diagnose and observe the
progress of diabetes mellitus (DM). Moreover, because the
early symptoms of DM are not noticeable and are likely to
be ignored, accurate detection of blood glucose is of vital
importance. Convenient and easyto-operate features allow
the point of care testing (POCT) to be widely adopted in the
clinic; furthermore, the POCT is suitable for almost all
kinds of blood samples [1]. At present, the automated
biochemical analyzer and POCT blood glucose meter are
mainly used to detect glucose (GLU). Being widely used in
Emergency Departments, Intensive Care Units, and
Operating Rooms, the blood gas analyzer is also categorized
as a POCT instrument that simultaneously detects blood
gases and analyzes the biochemical components in blood.
The quality assessment plan among clinical departments
of the Chinese Experts Consensus on Clinical Operation
and Quality Management Norms of the Portable Blood
Glucose Meters (hereinafter “Consensus™”) mentions the
following: “it is suggested thatmedical institutions may
carry out comparison activities between portable blood
glucose meters and their laboratory biochemical meters
once a year [1, 2].” Meanwhile, the Consensus also clearly
points out that “75% ethanol should be used to disinfect the
blood sampling sites, rather than other reagents, such as
iodophor, that may interfere with its detection” [1];

however, no specific reasons for the interference are given.
Considering that the POCT blood glucose analyzers and
blood gas analyzers are widely scattered across wards, it is
difficult to collect various blood specimens; thus, it is

challenging to carry out a large-scale comparison work.

Consequently, more domestic studies on the subject are
needed. Furthermore, this study is undertaken to compare
the clinical reliability of the POCT instrument in detecting
GLU and to evaluate its interference factors in the accuracy
of GLU detection, i.e., iodophor.

Materials and methods
Samples

In brief, 2mL of arterial blood, venous blood, and
capillary blood from 53 surgical patients were collected
over a 3-month period in 2021 with heparin tubes and tested
with multiple instruments. The study was performed with
the approval of the Ethics Committee of General Hospital of
Tianjin Medical University (No. IRB2021-WZ-035), and
was exempted the requirement of obtaining informed
consent.

Instruments and reagents

The Roche Accu-Chek Inform 11 POCT blood glucose
meter (Roche, Switzerland) uses the glucose
dehydrogenase (GDH) detection method. Being a mutant of
quinone protein glucose dehydrogenase (MUT. Q-GDH),
the enzyme in the GLU test paper can convert the GLU
in the blood into gluconolactone; thus, it can produce direct
current and judge the GLU concentration. This method is
suitable for GLU concentration detection in fresh arterial
blood, venous blood, finger capillary blood, and neonatal
heel stick capillary blood. The Hitachi 008AS automated
biochemical analyzer (Hitachi, Japan), uses the Hexokinase
(HK) detection method. While using HK as a catalyzer,
GLU and ATP undertake phosphorylation reactions, and
nicotinamide adenine dinucleotide phosphate (NADP) is
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reduced to reduced nicotinamide adenine dinucleotide
phosphate (NADPH) simultaneously.

NADPH production was measured at 340 nm to calculate
the GLU concentration. We used a Cobas B 123 POC
S?/stem blood gas analyzer (Roche, Switzerland) with a
glucose oxidase (GOD) detection method.

GLU is oxidized to gluconolactone in the sensor;
theH202 generated by the manganese dioxide/carbon
electrode was measured at 350 MV tocalculate the GLU
concentration.

Methods
Accuracy verification

The tests results of 64 Roche Accu-Chek Inform 11 POCT
blood ?Iucose meters (ACI II) in each ward of Tianjin
General Hospital were selected and compared with those of
Hitachi 008AS biochemical analyzer.

Original reagents and test strips were used. As per the
requirements of the Consensus, internal quality control
(IQC) of POCT blood glucose meters was conducted with
quality control solution on a daily basis, and instrument
maintenance was also scheduled periodically. Five groups
of heparin anticoagulant venous blood with different
glucose concentrations were selected as specimens,
including two high concentrations of groups H1 and H2
(about 11.0 mmol/L), two medium concentrations of groups
M1 and M2 (about 7.0 mmoI/L?, and one low concentration
of group L (about 2.8 mmol/L). Heparin anticoagulant
venous blood with the same glucose concentration was
divided into two portions. The first was measured on each
POCT blood glucose meter, and the latter was tested on
biochemical analyzer after centrifugation. To avoid
potential errors caused by glycolysis, the interval between
the two instruments was less than 30 min. The bias of each
POCT blood glucose meter and biochemical analyzer was
calculated and compared as per the Consensus evaluation
criteria (tolerance as following: when GLU<5.5 mmol/L,
the error was within £0.83 mmol/L; when Glu= 5.5

mmol/L, the error was within +15%) [1,3]. The overall
specimen qualification rates of each instrument needed to

reach 80% [1].

Precision verification ) )
Two heparin anticoagulant venous blood specimens (high
concentration: about 10 mmol/L, low concentration: about
4 mmol/L) were collected for repeated experiments. Each
specimen was well mixed before the experiment, and was
tested 20 times on the POCT blood glucose meter to
calculate the SD and CV as per the Consensus evaluation
criteria (when GLU<5.5 mmol/L, SD<0.42 mmol/L; and
when GLU=5.5 mmol/L, CV<7.5%) [1, 3]. If the test results
failed to meet the requirements, the POCT blood glucose
meter should be maintained and calibrated, and the above-
mentioned precision dperformance verification checking
should be re-conducted.

Comparison of different test methods

Fifty-three heparin anticoagulant arterial blood specimens
were divided into two tubes; the first tube was tested on the
POCT blood glucose meter and blood gas analyzer, and the
biochemical analyzer measured the second tube after
centrifugation. The experimental interval was controlled
within 30 min, and the operations complied withthe Trial
Implementation for Clinical Operation and Management of
Portable Blood Glucose Detector in Medical Institutions
(hereinafter referred to as “Implementation”).

Comparison of different specimens

Fiftg—three heparin anticoagulant arterial blood,
venous blood, and corresponding finger capillary blood
specimens were collected and immediately measured by the
POCT blood glucose meter. The abovementioned operation
complied with Implementation by the designating staff.

Influence of iodophor on blood glucose testing

Diluted samples of various concentrations were prepared by
mixing one heparin anticoagulant venous blood specimen
(B) with alcoholic free iodophor (1) per the volume ratios of
11:9B, 2I1:8B 31:7B, 41:6B, and 51:5B. Each sample was
repeatedly tested three times with the POCT blood glucose
meter. The linear relationship of each diluted sample was
analyzed. The variation of each dilution ratio was calculated
by comparing the theoretically calculated results of each
diluted concentration against the measured results. Thus,
the disinfection influence of iodophor on GLU detection by
the POCT blood glucose meter was evaluated.

Table 1: GLU Comparison using POCT blood glucose meter and biochemical analyzer (x + 5) (mmaol /L) (n=64).

Group L Group M1 Group M2 Group H1 Group H2
GL Ui bt micnl anatyams 2.89 + 0.04 6.69 + 0,10 8.61+0.16 11.48 + 0.18 14.31 + 0.25
GlUpgecr 3.27 £0.12 7.34+ 0.3 9.48 + D.41 12.54 + 0,39 15.95 + OL56
TEa <+0.83 mmol/L +15% <+15% +15% €+15%
Bias 0,39 mmol/L 9.93%" 9,399" 10, 26%® 11.61%:"
Qualification (%, n/n) 100 (64/64)" 93.8 (60/ 641" 95.3 (61/647%" B7.5 (56/64)" 81.3 (52/64)"

Comparison between two groups: *"reprekents no difference between the two groups: " or ¥ represents a difference between two groups.

Statistical analysis

SPSS 22.0 statistical software was adopted for data
analysis. Continuous variables were tested for normality,
and they were expressed as x + s (normal distribution) or M
(P25-P75) (non-normal distribution).

The Kruskal-Wallis H test was used for multi-group data
comparison. K-W single-factor ANOVA was used for
comparison between groups, the ?2 test was used for
comparing the compliance rate between groups, and Multi-
group ?2 test was used for comparison between groups.
p<0.05 was considered statistically significant.

Results

Comparison between POCT and biochemical analyzers
(accuracy verification) According to the Consensus
evaluation criteria, the overall qualification rate of the 64
ACI Il Meters against the test samples was 80%, i.e., 58
instruments qualified for the comparison study, and six
instruments failed. On comparing the relative bias of 64 ACI
Il in M/H Groups, significant differences among the four
concentration groups became apparent (M1, M2 vs. H1 and
H2) (H=15.364, p=0.02) (because Group L required an
absolute bias, it was not included in the inter-group
comparison); Groups M1 and M2 showed significantly lower
values than Group H2 (p=0.043 and 0.002). The bias gradually
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Table 2: POCT accuracy verification (mmol/L).

GLU X+s CV (%) Evaluation criteria
I: 4.56+0.16 4.30 SD<0.42 mmol/L
H 10.68 + 0.48 4,93 CV<7.5%

increased along with the increase in the GLU concentration.

On comparing each group’s compliance rate of the 64 ACI
I, significant differences were observed among the five
groups (?2=21.03, p<0.01). Group L showed obviously
higher values than Groups H1 and H2. With the increase in
the GLU concentration, the qualification ratio declined.

Wei Luo
The details are shown in Table 1.

POCT accuracy verification

The accuracy complied with the evaluation criteria of
Consensus. The details are shown in Table 2. Comparison of
various detection methods The differences in blood glucose
values were notable among the three detection methods
(p=0.000). Group GLUGOD showed significantly lower
values than Group GLUGDH and Group GLUHK (p=0.005
and 0.003); no difference was found between Group
GLUGDH and Group GLUHK. The details are shown in
Table 3.

Table 3: Comparison of GLU values by various detection methods (mmol/L) (n=53).

Test methods GLUgpn (ACHIT) GLUgop (Cobas B123) GLUc (HITACHI DOBAS) Kruskal-Wallis p-Value
M (P25, PT5) M (P25, P75) M (P25, P75) H-Value
GLY 5.500(5.2, 6.00° 4,900 (4.50, 5.60)" 5.530(5.10, 6.10)° 23.862 0.000

Comparison between two groups: *represents no difference between the two groups; * or " represents a difference between two groups.

Comparison of multiple specimen types
No difference was seen in GLU among the three blood types
(p=0.13). The details are shown in Table 4.

Table & Comparison of GLU concentration against multiple specimen types. By ACI I POCT blood glucose meters immol/L) (n=53).

Specimen Lypes L1 N | — GLU, oo iary Boad GL s Bad Kruskal-Wallis p-Value
M (P2, PT5) M (P25, PT5) M (P25, PT5) H-Value
GLU 5.501(5.2, 6.0) 5.60(5.2, 6.2) 5.30(51, 5.8 3.960 0.13

Table 5: Influence of iodophor on blood glucose detection (mmaol) L)

(lodophor I: Blood B) 01108 11:9E 2IBEBE 31:TE 4L6B 51:5B
Measured result 473 663 553 500 447 370
Theoretical result 473 426 378 331 28B4 237
Variation (%) 0.0 30.B1 26.62 2876 31.48 30.99

The influence of iodophor on blood glucose detection

The variation in the detected GLU after diluting whole
blood with iodophor in different proportions was notable.

The measured results were higher than the theoretical
results, and as the dilution increased, the GLU gradually
decreased. Thus, the analysis showed that iodophor, a
disinfectant, had a serious influence on the detection results
of POCT blood glucose meters. The details are shown in
Table5.

Discussion

According to the requirements of the Consensus,
methodological evaluations are mandatory before clinical
usage of the POCT blood glucose meters, which mainly
include accuracy verification, precision verification,
detectable range verification, and anti-interference
performance. The POCT quality control scheme is
determined by risk assessment, and it is designed based on
the consideration of the complexity of the project [3]. IQC
must be carried out for all items at all institutions that
perform POCT testing [4, 5]. For portable blood glucose
meter testing, we recommend the 1QC frequency at least
once every test day and recording the analysis and quality
control results. In cases of out of control, analyze and record
test results promptly and take corrective measures before

performing patient test [6]. It is worth noting that the
common problem of unqualified instruments found in this
study was the non-standardized performance of the 1QC,
i.e., the tests were incomplete. In conclusion, a strict IQC is
essential and crucial for EQA assessment. Different
detection systems and POCT instruments of the same model
must be compared to each other regularly to ensure the
comparability of detection results [7]. The EQA assessment
is based on the requirements of WS/T 415-2013 Laboratory
Testing and Evaluation Method with no External Quality
Evaluation and CNAS-CL02-A004. The projects that
cannot participate in the EQA assessment can be completed
with reference to the relevant articles of EQA. By analyzing
the tested results of the ACI I1, 58 instruments were in line
with the requirements.

At least two concentration values surpassed the bias with
six blood glucose meters. Information about unqualified
instruments has been fed back to each concerned ward
immediately. Furthermore, after recalibration and retesting,
the unqualified instruments were replaced.

In the daily work, significant differences are often found
between the detection results of the POCT blood glucose
meters and those of the biochemical analyzers. In this study,
it was also found that with the increase in the blood glucose
concentration, the deviations of the POCT blood glucose
meters gradually increased, or the compliance rate
decreased. The bias overrun appeared at the H1 and/or H2
levels with six instruments listed as unqualified; even if the
bias overrun appeared only at one concentration, it was
basically concentrated at a high concentration with partial
instruments listed as qualified. Given that the two
instruments conduct tests based on different methodologies,
+15% TEa is relatively loose. Hence, in the clinical work, if
the blood glucose detected by the POCT blood glucose
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meter is abnormally high, a re-examination of venous blood
through the biochemical analyzer is suggested.

Clinical studies on GLU detection by blood gas analyzers
are relatively limited. A study by Luo [8] has found that
although the test results of blood gas analyzer and
biochemical analyzer vary, the differences are acceptable.

Our study also indicated that the GLU detected by the

blood gas analyzer is generally lower than that detected by
the biochemical analyzer. The pressure of oxygen (PO2) in
blood specimens may partially affect the detection results of
some blood glucose meters based on the GOD methodology
[9]. The change in PO2 can have a greater impact on the
results of blood glucose meter through the GOD
methodology, and that the increase in PO2 will lead to a
lower GLU and vice versa. GLU measurement by blood gas
analyzer is carried out through sensors. The sensors can
reduce the oxygen consumed in the enzymatic reactions,
and the GLU has no correlations with the oxygen
concentration in the blood. Thus, it is suitable for the GLU
measurement of arterial blood and can avoid the influence
of intra-operative oxygen inhalation on the GLU detection
results. In contrast, the determining factor of GLU
determination by the blood gas analyzer is glycolysis in red
blood cells. The metabolism of red blood cells in a short
time will also reduce the concentration of GLU. Therefore,
the blood specimen has to be analyzed immediately. In this
study, the GLU level detected by the blood gas analyzer was
significantly lower than that detected by the biochemical
analyzer and POCT blood glucose analyzer. Because
plasma was collected from surgical patients in this
experiment, during the operation, all patients inhaled high
flow pure oxygen, which was speculated to affect the
experimental results, resulting in lower results. In future
research, we will collect the plasma of patients without
oxygen inhalation, and we expect results will be more
comparable. In conclusion, the reliability of blood gas
analyzers for clinical biochemical detection has not been
unanimously confirmed, and it still needs to be investigated
further [10, 11].
It is worth emphasizing that the detection results of the
POCT instruments are only for the screening assessment
purpose, and they are not applicable for clinical decision
support. The biochemical analyzer remains the primary
choice and the “gold standard” for GLU detection. In case
abnormal results are found during the screening assessment,
venous blood needs to be collected and tested to reconfirm
the accuracy of the POCT instruments. Generally speaking,
the accuracy and specificity of the HK methodology are
prioritized over the GOD methodology. At present, the HK
methodology is widely adopted as the reference standard for
the determination of fasting blood glucose and 2 h
postprandial blood glucose.\

The study results showed that despite a slight difference
in arterial blood, venous blood, and capillary blood detected
by the POCT blood glucose meter, there was no statistically
significant difference. In addition to the factors, such as
improper operations, electromagnetic interference, and
inadequate maintenance, the GLU detection result may also
be affected by shock, tissue hypoperfusion, and drug
application (such as dopamine) [12]. Furthermore, when the
arterial blood flows through the capillaries, the tissue cells
of the peripheral microcirculation histiocytes consume
GLU. Hence, the GLU of capillary blood is generally lower
than that of arterial blood, which is a physiological
phenomenon. In addition, because of the GLU difference in
the arterial and venous blood, including the difference in
tissue incorporation, there is a theoretical GLU difference
among various tissues. However, the experiment did not
show much difference, which further proves that the blood
glucose test results of the POCT blood
glucose meter are consistent with different blood
specimens.

In order to cover different types of blood specimens,
surgical patients of this study had stable vital signs, were ina
calm condition, and were operated in warm environments.

When the fingertip blood was taken, the blood drop fell
naturally rather than being squeezed to avoid the interstitial
fluid. The sample sizes were moderate, and the
nonparametric test method (with weaker statistical power
than the parametric test) was adopted. In addition, the GLU
of selected patients were within the range of 3.3-9.6
mmol/L, which can cover the blood glucose range of the
majority of people. Larger sample size and parametric test
would be required if extremely high or low blood GLU level
specimens were selected. Meanwhile, whether any different
results will be obtained if the parametric test adopted is
worth a further discussion.

The Consensus also states the following: “try to avoid
disinfection with iodophor when using the POCT blood
glucose meter,” which was also discussed in this study.

Significant deviation had been noticed when the
specimen was mixed with a tiny amount of iodophor. The
reason for this is that blood GLU can be easily oxidized. In
addition to quinones used as oxidants in POCT blood
glucose meters, more potent oxidants or even weak oxidants
can also oxidize GLU. The enzyme on the blood glucose test
paper is Mut. Q-GDH is an improved glucose
dehydrogenase. Thus, it is presumed that there are quinone
residues or side chains from a certain residue in the tertiary
or multi-level structure of dehydrogenase or catalytic site,
which oxidize glucose into glucosamine, and the
subsequent reaction continues. Especially when
encountering strong oxidants, such as iodine, blood GLU is
oxidized by iodine before reacting with the quinone protein
glucose dehydrogenase.

Pyrroloquinoline quinone (PPQ) is the most potent redox
biocatalytic molecule ever found [13]. When introducing
the redox reagent, the redox potential of the entire
electrochemical reaction changes. If the potential of the
redox reagent is located in a particular step of the reaction
cycle, in that case, it will directly interfere and lead to the
increase inthe blood GLU detection result. Therefore, redox
substances, including iodophor and hypochlorous acid,
which may cause oxidation-reduction reactions, should be
avoided in disinfection. In addition, iodine will react with
water and produce hypoiodous acid, which will generate
additional electrical signals. After the electrode collects the
redox reaction electrical signal, it will become negative
iodine ions or hypoiodous acid (positive iodine ions)
through oxidation and reduction. At the same time, iodine
will also react with quinones. These complex chemical
changes may result in collection of false-positive electrical
Wang et al.: POCT glucose meter comparison 199 signals
by the instrument; thus, it may interfere with the test results.
Moreover, common substances with redox properties, such
as vitamin C and uric acid, also possibly raise the
determination results [14]. The Consensus suggests that
alcohol should be adopted for disinfection because both
alcohol and GLU are alcohol substances and do not react
with each other. Moreover, alcohol is volatile; both its
physical and chemical properties are adequate for blood
glucose meters.

Most of the samples used for POCT blood glucose
meters are whole blood. The accuracy was partly affected
by hematocrit (HCT). When HCT decreases, the blood
glucose level appears high, and vice versa[15]. Thisis
because the results produced by POCT blood glucose
meters
are based on electrochemical biosensor technology. HCT
determines the mass transfer coefficient. The higher the
HCT, the smaller the mass transfer coefficient and the lower
the detection value, and vice versa [16]. When HCT exceed
35 and 55%, the doctors must pay attention to the accuracy

Nigeria Biomedical Science Journal Vol. 19, No. 3, 2022 22



of the detection value of POCT blood glucose meter. The
HCT of newborns can be between 43 and 63%, which can
lead to low detection values. The decrease of HCT in
patients with anemia can increase the numerical value of the
results [17]. The blood glucose meter with HCT correction
function adds a serum separation membrane on the surface
of the electrode. The plasma obtained from the whole blood
after separating red blood cells by the serum separation
membrane reacts with the enzyme on the electrode surface.
This approach minimizes differences. In the meantime,
further separation of high purity blood into cells and plasma
or serum can improve the sensitivity of various clinical
analysis to prevent the degradation of analytes in plasma
caused by long-term contact with blood cells, thus releasing
pollutants and causing deviations within the detection
results of the biochemical analyzer [18].

Conclusions

In this experiment, the performance of POCT blood glucose

meters was analyzed. The influences of different test
methods and blood specimen types on blood GLU detection

were discussed, and in addition, the influence of
interference by iodophor was also discussed.

The detection results of ACI Il are accurate, and they can
be applied to all types of blood specimens. It is expected that
more scientific and accurate conclusions will be drawn and
the POCT blood glucose meter gap in clinical application
will be filled. This investigation provides new ideas and
methods for the scientific management and application of
POCT.
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ABSTRACT

onkeypox, a zoonotic disease caused by an orthopoxvirus, results in a smallpox-like disease in humans. Since

monkeypox in humans was initially diagnosed in 1970 in the Democratic Republic of the Congo (DRC), it has

spread to other regions of Africa (primarily West and Central), and cases outside Africa have emerged in recent
years. We conducted a systematic review of peer-reviewed and grey literature on how monkeypox epidemiology has
evolved, with particular emphasis on the number of confirmed, probable, and/or possible cases, age at presentation,
mortality, and geographical spread. The review is registered with PROSPERO (CRD42020208269). We identified 48 peer-
reviewed articles and 18 grey literature sources for data extraction. The number of human monkeypox cases has been on
the rise since the 1970s, with the most dramatic increases occurring in the DRC. The median age at presentation has
increased from 4 (1970s) to 21 years (2010-2019). There was an overall case fatality rate of 8.7%, with a significant
difference between clades—Central African 10.6% (95% CI: 8.4%— 13.3%) vs. West African 3.6% (95% CI: 1.7%— 6.8%).
Since 2003, import- and travel-related spread outside of Africa has occasionally resulted in outbreaks.
Interactions/activities with infected animals or individuals are risk behaviors associated with acquiring monkeypox. Our
review shows an escalation of monkeypox cases, especially in the highly endemic DRC, a spread to other countries, and a
growing median age from young children to young adults. These findings may be related to the cessation of smallpox
vaccination, which provided some cross-protection against monkeypox, leading to increased human-to-human
transmission. The appearance of outbreaks beyond Africa highlights the global relevance of the disease. Increased
surveillance and detection of monkeypox cases are essential tools for understanding the continuously changing
epidemiology of this resurging disease.Monkeypox, a zoonotic disease caused by an orthopoxvirus, results in a smallpox-
like disease in humans. We conducted a systematic review to assess how monkeypox epidemiology has evolved since it was
first diagnosed in 1970 in the Democratic Republic of the Congo. In total, human monkeypox has now appeared in 10
African countries and 4 countries elsewhere. Examples include Nigeria, where the disease re-emerged in the last decade
after a 40-year hiatus, and the United States, where an outbreak occurred in 2003. The number of cases has increased at a
minimum of 10-fold and median age at presentation has evolved from young children (4 years old) in the 1970s to young
adults (21 years old) in 2010-2019. This may be related to the cessation of smallpox vaccinations, which provided some
cross-protection against monkeypox. The case fatality rate for the Central African clade was 10.6% versus 3.6% for the
West African clade. Overall, monkeypox is gradually evolving to become of global relevance. Surveillance and detection
programs are essential tools for understanding the continuously changing epidemiology of this resurging disease.

INTRODUCTION )

Monkeypox, currently a rare zoonotic disease, is caused by
the monkeypox virus, which belongs to the Poxviridae
family, Chordopoxvirinae subfamll?/, and_Orthopoxvirus
genus [1]. The variola virus (smallpox virus) is closely
related [1], and monkeypox disease results in a smallpox-
like disease. Historical data have indicated that smallpox
vaccination with vaccinia virus (another orthopoxvirus)
was approximately 85% protective against monkeypoxgz :
However, following the eradication of smallpox in 1980,
routine vaccination against smallpox was no longer
indicated [3], and it has now been four decades since any
orthopoxvirus vaccination program. o
_The name monkeypox originates from the initial
discovery of the virus in monkeys in a Danish laboratory in
1958 [4]. The first case in humans was diagnosed in 1970 in
a 9-monthold baby boy in Zaire (now the Democratic
Republic of the Congo, DRC) [5]. Since that time,
monkeypox has become endemic in the DRC, and has
spread to other African countries, mainly in Central and

est Africa. Outside of Africa, the first reported
monkeypox cases were in 2003 [6] and, at the time of this
systematic review, the most recent cases were in 2019 [7,8].
~ A previous systematic review, which evaluated the
literature through summer 2018, described the
epidemiology of monkeypox outbreaks [9]. In view of the

recent increase in reports from Nigeria and elsewhere, we
initiated a new systematic literature review with a focus on
the changes in the evolution of the epldemlolog)(1 of human
monkeypox since the first cases in the 1970s through the
presentday.

Methods . ) .

This systematic review was performed in accordance
with international standards for conducting and reporting
systematic reviews, mcludln%gwdellnesfrom_the Cochrane

ollaboration [10] and the Preferred Reporting Items for
_IS_%stema.tlc Reviews and Meta-Analyses (PRISMA) [11].
Zogzg%\glew is registered with PROSPERO (CRD4202

Searches were performed in MEDLINE (accessed using
PubMed), Embase, African Journals Online (AJOL) and the
Internet Library sub-Saharan Africa (gllls_sAfrlca), with no
language restrictions. All published literature reported
throug September 7, 2020, the date of last search, was
considered for eligibility. In PubMed, searches included
Medical Subject Headings (MeSH) and limits to title and
abstract (tiab). The search string used in PubMed was
Monkeypox| MeSH] OR "Monkeypox virus"[MeSH] OR
monkeypox[tiab] OR *monkey pox”[tiab] OR “variole du
singe”[tiab] OR “variole simienne”[tiab] and in Embase
was 'monkeypox’/exp OR ’monkey?_ox virus’/exp OR
monkeypox:ti,ab OR "monkey pox™ti,ab. In AJOL and
illissAfrica, separate searches were conducted for each of
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the following terms: monkeypox, variole du singe, and
variole simienne. We aimed 'to explore how monkeypox
eﬁldemlo_logy has evolved regarding incidence, “case
characteristics, clades, transmission, and case fatality rate.

We also sought to explore the risk factors for acquiring
human monkeypox.

After all articles were identified from the four databases
and duplicates removed, screening of the title and abstract
was performed in duplicate by two researchers EEMB
[author] and BV D). Articles that seemed to contain relevant
data for the review objectives, which included all age
populations, were selected for full-text screening. Excluded
were non-human studies, modelling studies that did not
provide original data, articles that focused primarily on
smallpox, and articles with data not related to the topics of
interest. In cases of doubt, the article was selected for full-
text screening. Full text articles were then reviewed to
determine whether at least one of the review objectives was
met. At this stage, other articles such as conference abstracts
or narrative reviews were also excluded. The first 10% of
full text articles was critically evaluated in duplicate by two
researchers (EMB and BVD), and the remaining 90% were
reviewed by EMB. Each article was then further reviewed
during data-extraction. Some additional exclusions
occurred in this step. For example, for articles with similar
results from largely identical data sets, only one article was
included, generally the most recent. In some instances, there
was a partial overlap of data, such that different articles
included the same cases plus some unique cases. In these
situations, only the unique cases in each article were
included in the data extraction sheet. One researcher (EMB)
created the data extraction sheet for the eligible articles, and
these were reviewed by a second researcher (RVH). A
random check of 10% of the data extraction was performed
by RVH.

Articles suitable for extraction from the literature
searches were case reports, outbreak investigations,
epidemiological studies, and surveillance studies. For these
types of articles, no formal checklists for critical appraisal
are available, so no formal quality assessments were
performed.

Information on study quality as reported by the authors of
the selected articles were added as comments in the data
extraction sheet. In addition to the four primary search
sources, seven sources of grey literature and Google were
searched during weeks 41-44 of 2020. These sources were
the websites of the World Health Org?anization (WHO),
specifically a review of the Weekly Bulletins on Outbreaks
and other Emergencies, United States Centers for Disease
Control and Prevention (CDC), Africa CDC, Nigeria CDC,
African Field Epidemiology Network, Epicentre, and
ProMed. The Google search was performed on the African
countries known to have monkeypox cases, including a
check on the websites of their ministries of health. No
formal search strategy was employed, and therefore no
denominator on number of reports is described. One
researcher performed the search of the grey literature (LM)

Tablel. MonkeypoxCaseDefinitions.

and a second researcher (EMB) reviewed the findings and
added the relevant information to the data extraction sheet.

Pooled analysis For age at monkeypox infection, a
weighted average of the median ages per decade was
calculated, based on investigations where median age was
reported and on single cases where age was presented. In
each respective decade, these single cases were treated as a
unit, and median
age determined.

Data on case fatality rate (CFR) were pooled, and 95%
confidence intervals (Cls) were calculated using the
binomial (Clopper-Pearson) exact method. Both overall
CFR and CFR per clade were calculated. Since specific
clade data were not always reported in the literature, we
used the geographical spread of the clades as described by
WHO [12] to assign the clade variant.

Monkeypox cases from the DRC, Gabon, Central African
Republic (CAR), South Sudan, and Republic of the Congo
were assumed to be of the Central African clade, while cases
in all other countries were assumed to be of the West African
clade. Cameroon was not included in the number of cases
per clade or the calculation of CFR by clade, as WHO has
reported that both clades have been detected there [12].

Case Definitions
Case definitions were not standardized across sources, but
in general the definitions displayed in Table 1 were used.

Results
The search strategy yielded a total of 1,995 publications,
129 of which were selected for fulltext screening. Of these,
48 articles were suitable for data extraction. An additional
18 records from the grey literature (primarily the WHO
website) were also included for data extraction.

The PRISMA flowchart of the selection process for the
systematic review isinshowninFig 1.

Number of reports by country

Monkeypox data from the DRC accounted for
approximately one-third of the eligible articles
[5,13,14,16-28]. The remaining articles had monkeypox
data from the CAR [29-35], United States (US) [36-41],
Nigeria [5,42-44], Republic of the Congo [15,45-47],
Sierra Leone [42,48,49], Cameroon [5,50], Cote d’lvoire
[51,52], Gabon [53,54], United Kingdom (UK) [55,56],
Israel [57], Liberia [42], Singapore [8], and South Sudan
[formerly Sudan] [58]. (Note: two articles [5,42] described
data for more than one country, therefore the total number of
articles per country exceeds 48.) The 18 grey literature
reports were from the CAR [59-62], DRC [63-66],
Cameroon [65,67,68], Republic of the Congo [69-71],
Liberia[72,73], Nigeria[68,74], UK [7], and US [6]. All but
two sources [17,45] reported on the epidemiology of
monkeypox; these two were peer-reviewed articles on risk
factors for acquiring monkeypox.

Typeof Definition

case

Suspected Suddenonsetofhighfever,followedbyavesicular-pustuleeruptionpresentingpredominantlyonthe
face,palmsofthehands,andsolesofthefeet;orthepresenceofatleast5smallpoxtypescabs.

Confirmed | Suspectedcasewithlaboratoryconfirmation(PositivelgMAntibody,PCR,orvirusisolation).

Probable Suspectedcasewithnopossibilityoflaboratoryconfirmation,butwithepidemiologicallinktoa
confirmedcase.

Possible Vesicular,pustularorcrustedrash,notdiagnosedaschickenpoxbythefamilyorthehealth-care
provider[13].
Historyoffeverandvesicularorcrustyrash[14].
Individualmetoneoftheepidemiologiccriteriaordemonstratedelevatedlevelsoforthopoxvirus-
specificlgMandhadunexplainedrashandfeverand € 2othersignsorsymptomsfromtheclinical
criteria[15].
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Number of cases by country

We identified 28 peer-reviewed articles [5,8,14,15, 18,20,
21,29-35,42,46-58] and 15 reports from the grey literature
[6,7,59-65,67-69,72—74] with data on the number of
confirmed, probable, and/or possible monkeypox cases, for
a total of 1,347 cases, and an additional 28,815 suspected
cases from the DRC. These data are displayed in Figs 2 -6
(and S1 Table) by decade, starting with the 1970s, when the
first cases were detected [5,42,51]. During the 1970s, a total
of 48 confirmed and probable monkeypox cases were
reported in six African countries, namely the DRC,

Sierra Leane: 1
L Migeria: 3
R

Liberia: 4 Cote d'lvoire: 1 Cameroon: 1

Cameroon, Cote d’lvoire, Liberia, Nigeria, and Sierra
Leone, with most cases occurring in the DRC (n = 38) (Fig
2). In the 1980s compared to the 1970s, a 9-fold increase in
the number of confirmed and probable monkeypox cases
was observed in the DRC (n = 343). In addition, 14 other
cases were spread among four other African countries (Fig
3). Cases continued to increase in the 1990s, with 511
confirmed, probable, and/or possible monkeypox cases
reported in DRC and 9 confirmed cases in Gabon (Fig 4).

DRC: 38

Fig2.Numberofconfirmed,probable,and/orpossiblemonkeypoxcasesbetween1970-1979.[5,42,51] (baselayer

ofthemap:https://datawrapper.dwcdn.net/ W7k0L/4/).
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Between 2000 and 2009, monkeypox cases were reported in
three African countries (DRC, Republic of the Congo, and
South Sudan) (Fig 5), but between 2010 and 2019, cases
were found in seven African countries (Cameroon, CAR,
DRC, Liberia, Nigeria, Sierra Leone, and Republic of the
Congo) (Fig 6). Compared to the last three decades of the
20t century, outbreaks as of the year 2000 were greater in
total number of cases and fewer in singular case reports.

The DRC is the country most affected by monkeypox,
and no other country has reported monkeypox cases
continuously during the past five decades. As of the year
2000, however, the number of suspected cases, rather than
confirmed, probable, and/or possible cases, was primarily
reported, as shown in Fig 5 (2000-2009) and Fig 6
(2010-2019). More recently, between January and
September 2020, another 4,594 suspected cases were
reported for the DRC [66].

The second most affected country is Nigeria, due to the
181 confirmed and probable cases from the outbreak that
started in September 2017 [74]. (Note: 183 cases are noted
in the Nigeria CDC report [74], but two cases originating
from Nigeria were diagnosed in Israel [57] and Singapore
[8] and considered travel-related events for these respective
countries. The three UK cases that originated in Nigeria
[7,55] are not among the 183 cases in the Nigeria CDC
report.) The third and fourth most affected countries with
confirmed, probable, and/or

Central African Republic: 8

l

Cte d'Ivoire: 1
Cameroon; 1

Gaban: 4

Fig3.Numberofconfirmed,probable,and/orpossiblemonkeypoxcasesbetween1980-1989.
[20,21,31,34,50,52,54] (baselayerofthemap:https://datawrapper.dwcdn.net/IGHEu/1/).

Fig 4. Number of confirmed, probable, and/or possible monkeypox
cases between 1990-1999. [14,53] (base layer of the map: https://
datawrapper.dwcdn.net/ EAn8M/1/).

possible cases of monkeypox are the Republic of the Congo
(n=97) and the CAR (n = 69). All other African countries
had less than 20 confirmed and probable monkeypox cases
each in total over the past five decades.

Monkpox was not reported outside Africa until 2003,
when an outbreak of 47 confirmed or probable cases

occurred in the US following exposure to infected pet
prairie dogs, which had acquired monkeypox virus from
infected exotic animals imported from Ghana [6,40]. In
recent years, there have been several travel-associated cases
of monkeypox, all following exposures in Nigeria. There
was one case in Israel in 2018 [57], three in the UK (two in
2018 [55]; one in 2019 [7]), and one in Singapore in 2019
[8]. A fourth case in the UK (2018) was the result of
nosocomial transmission to a healthcare worker [56].

Number of cases by clade

There are two distinct genetic clades of monkeypox, the
Central African (or Congo Basin) clade and the West
African clade. Only 10 peer-reviewed articles
[8,23,29,35,40,44,48,49,57,58] and one report from the
grey literature [63] described specific data on these variants.

United States:
47

South
Sudan:19

Congo: 73 ——
DRC: 10.027*

Fig 5. Number of confirmed, probable, and/or possible monkeypox cases
between 2000-2009. [6,18,46,58,69] »

Number reflects suspected cases, since as of the year 2000, the number of
suspected cases was primarily reported by the DRC. (base layer of the map:
https://datawrapper.dwcdn.net/SXvj7/1/).

United
Kingdom: 4

|

Israel: 1

Nigeria: 181
Sierra Leone: 2 Cameroon: 3
Liberia: 6 -

Congo: 24 —

<— Central African Republic; 61 Singapore: 1
I's

DRC: 18.788*

Fig 6. Number of confirmed, probable, and/or possible
monkeypox cases between 2010-2019.
[7,8,15,18,29,30,32,33,35,47-49,55-57,59-67,72—74] » Number
reflects suspected cases, since as of the year 2000, the number
of suspected cases was primarily reported by

the DRC. (base layer of the map:

Therefore, as noted above in the Methods section, in our
calculation of data by clade, we separated the clades
according to the geographical division as described by
WHO [12]. Table 2 shows the number of cases per clade per
decade. A plot of these data (Fig 7) reveals a similar pattern
of evolution in the number of cases for both clades. By far,
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most cases were infected with the Central African clade,
which was found in the CAR [29,35], DRC [23,63], and
South Sudan [58]. The outbreak in the US (2003) [40] and
the outbreak in Nigeria (which started in 2017) [44] cover
the largest part of the West African clade cases. This latter
clade was also found in Sierra Leone [48,49] and the travel-
related cases in Israel [57] and Singapore [8]. Preliminary
sequencing data of two UK cases were also determined to be
consistent with the West African clade [55].

Table2. NumberofCasesperClade *

Eveline M

Number of suspected cases versus confirmed, probable
and/or possible cases Fifteen peer-reviewed articles and 12
reports from the grey literature described the number of
suspected vs. confirmed, probable, and/or possible cases
from the various outbreaks (S2 Table). One grey literature
source [63] and all but two peer-reviewed articles [15,25]
described the number of individuals tested among the
suspected cases, and this varied widely from 5% to

Decade CentralAfricanClade(N) WestAfricanClade(N) TotalCases
1970-1979 38 47
1980-1989 355 356
1990-1999 520 520
2000-2009 92confirmed 139
10,027suspected 2 10,027
2009-2019 85confirmed 195 280
18,788suspected ? 18,788

1 The five cases from Cameroon are not included in this table, as clade was not reported in any of the articles and WHO reported that Cameroon is the only

country inwhich both clades have been detected [12].

2 Suspected cases are from the Democratic Republic of the Congo, as number of suspected cases rather than confirmed cases were primarily reported.
Suspected cases for other countries are not reported since testing of suspected cases was generally undertaken.
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Fig7.Evolutionofnumberofcasesperclade.For2000-2019,thenumbersfortheCentral Africancladearebased
largelyonsuspectedcases,perthereportingsystembytheDemocraticRepublicoftheCongo.

100%, with the proportion of tested cases found to have
confirmed or probable monkeypox ranging from 37.5% to
91.7%. In comparison, none of the 10 WHO reports
describe the number suspected cases tested, and in seven of
these reports [60,62,65-67,71,73], the percentage of
confirmed cases among all tested and non-tested suspected
cases was less than 15%.

Incidence of monkeypox

The incidence rate of monkeypox was reported in only six
articles, all peer-reviewed, three with data from the DRC
[13,18,28] and three from the CAR [32-34]. Surveillance
data of suspected monkeypox cases in the DRC showed that
the incidence increased from 0.64/100,000 in 2001 to
2.82/100,000 in 2013 (Fig 8) [18]. Even with the removal of
cases from areas of active surveillance, including the
Sankuru district of the DRC, the investigators found that the
increases remained substantial [18]. Between November

2005 and November 2007, the average annual cumulative
incidence of confirmed monkeypox from nine health zones
in the Sankuru district was 5.53 per 10,000, ranging from
2.18 to 14.42 per 10,000 [28]. An overall attack rate of
confirmed or probable monkeypox ina 2015 outbreak in the
CAR was calculated to be 2 per 10,000 persons [32], while
an outbreak in 2016 had a reported attack rate of 50 per
10,000 for suspected and confirmed cases [33].

Secondary attack rate

Only 16 peer-reviewed articles reported secondary attack
rates (SARs). Details are presented in S3 Table. A review of
these articles did not establish any evolution in SAR over
time. More than half of the articles (9/16) reported an SAR
of 0% [8,23,30,42,49-52,57], and this spanned the decades
from the 1970s through 2010-2019. Similarly, over those
same five decades, the SAR ranged from 0.3-10.2% in 6/16
articles [5,14,20,22,54,56]. In the remaining article, a

Nigeria Biomedical Science Journal Vol. 19, No. 3, 2022 28



The changing epidemiology of human monkeypox

median SAR of 50% was reported in an outbreak among 16
households [25].

Demographic characteristics
Data on age and sex of confirmed, probable, and/or possible
monkeypox cases in Africa are presented in S4 Table. Age

Incidence (95% Cl) per 100,000

was described in 31 peer-reviewed articles and in one report
from the grey literature and the sex of individuals was
presented in 27 peer-reviewed articles. As shown in Fig 9,
the weighted average of the median age of monkeypox
infection in Africa has evolved from 4 and 5 years old in the
1970sand 1980sto 10 and 21 years old in the 2000s and

Fig8.Incidencerateofsuspectedmonkeypoxcasesper100,000(95%CI)individualsintheDRC,2001-2013.

DatafromHoffetal[18].

l:'E-:'
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Fig9.Medianageandrangeofconfirmed,probableand/orpossiblemonkeypoxcasesinAfricaperdecade.Blue
barswithoutrangerefertotheageofasinglecase. Thegreyhorizontallinerepresentstheweightedmedian. Nodata

onmedianagescouldberetrievedforthe1990s.

2010s. Overall, males represented >50% of cases in most
outbreaks of two or more cases as well as in singular case
reports. Cases outside of Africa also occurred more
frequently in males and primarily in adults [8,40,55-57].
Only nine peer-reviewed articles [8,15,23,35,44,49,55-57]
reported data on occupation in confirmed, probable and/or
possible cases. Commonly reported occupations included
traders [44], students [44], artisans [44], healthcare
professionals [35,44,56], farming [23,44,49], hunting [15],

and transportation [35]. Children was listed as an
occupation in 8% of 91 cases that reported occupation
during the first year of the recent Nigerian outbreak (i.e.,
Sep 2017 -Sep 2018) [44]. Among the confirmed and
further characterized US cases 10 of 34 (29%) were less
than 18 years of age [40].

Smallpox vaccination status
In 21 peer-reviewed articles, information about smallpox
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vaccination status was reported for confirmed, probable,
and/or possible monkeypox cases. In 11 articles, describing
outbreaks from 10 different countries, investigators
reported that none of the 49 cases were vaccinated. These
countries were Cameroon [5,50], Liberia [42], Nigeria [42],
Sierra Leone [42], CAR [30,31,34], Republic of the Congo
[46], DRC [23], Co"te d’Ivoire [51], South Sudan [58], and
the UK [56]. The outbreaks in these countries were small,
with one to six cases per outbreak, except for the Republic

of the Congo with 11 cases [46] and South Sudan with 19
cases [58]. Inthe 10 other articles, which reported data from
outbreaks in the DRC [1981-2013] and US [2003], the
proportion of monkeypox cases with a history of prior
smallpox vaccination ranged from 4-21%
[13,14,19-21,25,26,28,40,41], illustrating that the majority
of cases (approximately 80-96%) occurred in unvaccinated
individuals. The highest percentage of vaccinated cases
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(21%) was found in the US outbreak [40]. In a study of
confirmed and suspected cases in the CAR, 19.2% (5/26)
had a smallpox vaccination scar, and the overall attack rate
was lower among vaccinated individuals (0.95/1000)
compared to unvaccinated individuals (3.6/1000) [33].

Case fatality rates

Case fatality rates (CFR) of confirmed, probable, and/or
possible cases of human monkeypox were described in 28
peer-reviewed articles and 10 reports from the grey
literature, and age at death in 11 peer-reviewed articles and
one grey literature report. The details of these data are
described in S5 Table. Across all countries, the calculated
pooled estimate CFR was 8.7% (Table 3). When the data
were separated by clade, the CFR for the Central African
clade

Table3. Pooledcasefatalityrateinconfirmed,probable,and/orpossiblemonkeypoxcases.

Countries/Clade

95%C|*

CaseFatalityRate

Allcountries >

78/892=8.7%

7.0%-10.8%

CentralAfricanclade °

68/640=10.6%

8.4%-13.3%

WestAfricanclade *

9/247=3.6%

1.7%—-6.8%

WestAfricanclade,Africancountriesonly

9/195=4.6%

2.1%-8.6%

1 Exactbinomial method (Clopper-Pearson).

2 The five cases from Cameroon are included in the “all countries” case fatality rate (CFR) calculation, but not in the
calculation of CFR by clade, since WHO reported that Cameroon is the only country in which both clades have been detected
[12]. The CFR without the inclusion of Cameroon isalso 8.7% (77/887).
3 Central African clade includes the following countries: Central African Republic, Democratic Republic of the Congo,

Republic of the Congo, and South Sudan.

4 West African clade includes the following countries; Co™te d’lvoire, Liberia, Nigeria, Sierra Leone, Israel, Singapore,

United Kingdom, and United States.

(10.6%, 95% CI: 8.4-13.3%) was significantly higher than
that of the West African clade (3.6%, 95% CI: 1.7-6.8%).
When only African countries were included for the West
African clade, the trend remained. All nine deaths reported
for the West African clade occurred in the recent Nigerian
outbreak (which had 181 confirmed or probable cases) [74].
There were no deaths in the cases outside of Africa
[6,8,55-57]. Among the reports that included information
on age at death, there were a total of 63 deaths (S5 Table).
From the 1970s — 1990s, 100% of deaths (47/47) were in
children younger than 10 years of age. Over the last two
decades (2000-2019), only 37.5% (6/16) of deaths occurred
in children <10 years old. A mean age of 27 years was
reported for seven deaths among the 122 confirmed or
probable cases of monkeypox reported in the first year of the
Nigerian outbreak (September 2017-September 2018) [44].

Mode of transmission and risk factors

In 29 peer-reviewed articles, attempts were made to
establish the mode of transmission for confirmed, probable,
and/or possible monkeypox cases. The transmission details,
by country, including number of cases and mode of
transmission, are summarized in S6 Table.

A study from the 1980s involving 338 monkeypox cases
from the DRC concluded that an animal source was
suspected in 72.5% (245/338) of cases and a human source
in 27.5% (93/338) of cases [21]. In contrast, in an
investigation of 419 cases from the DRC in the 1990s, only
22% were primary cases (i.e., a person who reported no
contact with another person with monkeypox), while 78%
were secondary cases (i.e., monkeypox in a person who had
contact with an infected person 7-21 days before onset of

disease) [14]. Data from the Nigerian outbreak (Sept 2017-
Sept 2018) found that transmission was unknown for 62.3%
(76/122) of cases [44]. Of the remaining 46 cases, 36 or
78.3% had an epidemiological link to people with similar
lesions before the onset of monkeypox and 10 or 8.2%
reported contact with animals [44].

All but one of the cases outside of Africa were the result of
confirmed or suspected animalto-human transmission
[6,8,41,55,57]. This exception was a human-to-human
transmission in the UK in a healthcare worker who provided
care to one of the UK confirmed monkeypox cases [56].

The risk factors or risk behaviors for contracting
monkeypox were reported in only five studies from three
countries (DRC [17,22,26], US [41], Republic of the Congo
[45]), and in general reinforced what has been suspected
factors. For example, sleeping in the same room or bed,
living in the same household, or drinking or eating from the
same dish were risk behaviors associated with human-to-
human transmission [22,26]. On the other hand, sleeping
outside or on the ground or living near or visiting the forest
were identified as factors that increase the risk for exposure
to animals and subsequent risk for animal-to-human
transmission of monkeypox [17,45]. Unexpectedly,
assisting with toileting and hygiene and laundering clothes
did not have a significant association with acquiring
monkeypox, and preparing wild animal for consumption or
eating duiker were identified as protective factors [26].

After adjusting for smallpox vaccination status, daily
exposure to sick animals (adjusted odds ratio [aOR]: 4.0
(95% CI: 1.2-13.4) or cleaning their cages/bedding (aOR:
5.3 (95% CI: 1.4-20.7) were identified as risk factors for
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acquiring monkeypox in the 2003 outbreak in the US [41].

Touching or been scratched by an infected animal
sufficient to sustain a break in skin were each found to be
both significant and nonsignificant risk factors [41].

Discussion

This systematic review provides a comprehensive
overview of the evolution of the epidemiology of
monkeypox since it was first detected in humans in 1970.
Using a structured format, we describe the greater than 10-
fold increase in confirmed, probable, and/or possible
monkeypox cases over the past 5 decades, from 48 cases in
the 1970s to 520 cases in the 1990s. Increases in the recent
two decades may be confounded by the numbers coming out
of the DRC, the country with the most reported cases.
Beginning in the year 2000, the DRC started reporting
primarily the number of suspected cases, and these have
increased from >10,000 cases in 2000-2009 [18] to >18,000
in 2010-2019 [18,63-65]. In the first nine months of 2020
alone, another 4,594 suspected cases were reported in the
DRC [66], and the WHO bulletin of the 12-month data for
2020, which was available following completion of this
systematic review, reported a total of 6,257 suspected cases
[75].

As a result of the recent outbreak, the number of
confirmed and probable cases in Nigeria has dramatically
escalated as well, from 3 cases in the 1970s [5,42] to 181
cases in 2017-2019 [74]. The surge in cases in the DRC
from the 1990s (n =511) through 2000-2019 (>28,000) is of
a similar magnitude. The data from these two countries
therefore suggest that the trend is not due to improved
reporting alone. This is consistent with the analysis by Hoff
and colleagues [18] who found that the rise in monkeypox
cases in the DRC from 2001-2013 were likely actual
disease increases and not merely a result of improved
surveillance, since the reporting system was considered
stable by 2008.

There are mounting concerns about the geographical
spread and further resurgence of monkeypox. Over the past
5 decades, monkeypox outbreaks have been reported in 10
African countries and 4 countries outside of Africa. In
addition to the re-emergence of monkeypox in Nigeria after
nearly 40 years, in the years between 2010 and 2019, cases
also re-emerged in Liberia and Sierra Leone (after 4
decades) and in the CAR (after 3 decades). First outbreaks
emerged in the Republic of the Congo in 2000-2009 and in
South Sudan (first appearance in East Africa) in 2005. From
2003, cases of monkeypox have occurred outside of Africa.
Infected rodents from Ghana, a country that has not reported
any human cases as of this review, were imported into the
US. Animal-to-animal transmission then led to animal-to-
human transmission, ultimately resulting in an outbreak of
47 confirmed or probable cases [6]. Beginning in 2018
through 2021, adults travelling from Nigeria were
diagnosed with monkeypox in Israel [57], the UK [7,55,76],
Singapore [8], and the US [77]. These cases were suspected
to be the result of animal-to-human transmission. Three
additional cases, one resulting from a nosocomial infection
and two via transmission to a family member, occurred in
the UK [56,76,78].

Of the four monkeypox cases imported into the UK, two
have been associated with local transmission and each has
resulted in either one or two subsequent cases, illustrating
that infected travelers can act as index cases of local

outbreaks. Interestingly, the infection imported to the UK in
May 2021 [76] and to the US in July 2021[77] occurred at a
time where the reported cases of monkeypox in Nigeria
were at a very low level. Only 32 suspected cases of disease
had been reported to the authorities since the beginning of
2021 [79]. Significant human-to-human transmission has
been reported as well in the CAR [30,33,35], DRC
[14,21,25], Republic of the Congo [46], South Sudan [58],
and Nigeria [5,44], demonstrating the susceptibility of both
clades to this type of transmission.

Mathematical modelling of human-to-human
transmission found that monkeypox has epidemic potential,
with RO >1 [80].There has been much discussion about the
reasons for the resurgence in monkeypox cases, the most
prevailing being waning immunity, although deforestation
may be a factor or can even act in potentiation [81-83].
Monkeypox virus, variola virus (smallpox), and vaccinia
virus (smallpox vaccination) are closely related
orthopoxviruses [1]. At the time when smallpox was
rampant, no cases of monkeypox were reported. This could
have been either because the focus was on smallpox and the
presentation of the two diseases are similar or the lack of
laboratory confirmation of the etiologic agent led to an
assumption of smallpox [84].

Historical data have shown that smallpox vaccination
was approximately 85% protective against monkeypox [2].

Following the successful vaccination campaign against
smallpox, the disease was declared eradicated in 1980 by
the World Health Assembly, and routine vaccination was
halted [3].Using statistical modeling, Nguyen and
colleagues [81] estimated that in 2016, the year before the
outbreak in Nigeria began, only 10.1% of the population
was vaccinated, and the population immunity, which takes
into account waning individual-level immunity, was 2.6%,
down from 65.6% in 1970. By 2018, the vaccinated
population had decreased to 9.3% and the estimated
population immunity had declined to 2.2%. In our review of
the literature, we found that unvaccinated individuals
accounted for approximately 80-96% of monkeypox cases.

One other possible factor influencing the resurgence of
monkeypox might be the genetic evolution of the
monkeypox virus.

An analysis of the virus genome diversity of 60 samples
obtained from humans with primary and secondary cases of
infection from Sankuru District, DRC, led to the detection
of four distinct lineages within the Central African clade and
revealed a gene loss in 17% of the samples that seemed to
correlate with human-to-human transmission [85].

Our analysis shows that in the early years (1970-1989),
monkeypox was primarily a disease of young children, with
a median age at presentation of 4 to 5 years old; this
increased to 10 years of age in 2000-2009 and 21 years in
2010-2019. Regarding age at death in monkeypox cases,
100% of deaths were in children <10 years of age in the
early years, while for the years 2000-2019, age <10 years
accounted for only 37.5% of deaths. These data appear to be
consistent with the global intensified smallpox eradication
program that began in 1967 [86] and the cease of routine
smallpox vaccination by the 1980s following its eradication
[3]. In the 2000s, only adults older than 20-25 years would
have had a history of smallpox vaccination, leaving the age
groups below 20 years vulnerable. Interestingly, the median
age of monkeypox cases increased from 10 to 21
years in the next decade. Indeed, most cases were
either likely too young to have been vaccinated or

were born after the cessation of routine smallpox
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vaccination, as in the more recent outbreaks.

Strengths and limitations

The strengths of this review are that basing on
Cochrane [10] and PRISMA [11], it included a
broad search strategy on monkeypox worldwide,
without time or language limits, which reduced
selection bias. In addition, there was a thorough
review of the grey literature. Overall, more than
60 relevant sources were identified for
comprehensive data extraction. There are also
limitations.

First, our ability to present a complete picture of
the number of confirmed, probable, and/ or
possible cases was sometimes limited, as data
quantity and quality varied across regions.

This is especially true for Central African
countries, and in particular the DRC, where a
systematic accounting and reporting of the
number of cases per year is lacking. The number
of cases presented in the maps in this review,
especially after 1986 when WHO stopped their
surveillance program in the DRC, are likely lower
than the actual number of cases [28] and
underreporting is quite probable, despite
implementation of the Integrated Disease
Surveillance and Response in the DRC in 2000
[18]. Furthermore, no national estimates of the
number of confirmed cases in the DRC can be
made, as polymerase chain reaction testing is
infrequently performed in the field [18,25].
Second, there is a paucity of data on the age of
cases, which could call into question the results of
our analysis of median age at monkeypox
diagnosis. For example, a report from the DRC,
published after completion of this systematic
review, found a median age of 14 years for
confirmed cases in the Tshuapa Province during
2011-2015[87].

These investigators did note, however, that
median age at onset has increased over time [87],
which corresponds to our findings. Furthermore,
our review of the literature found that age at death
from monkeypox has also increased, which is
then consistent with our age-at-diagnosis
findings. Third, since specific data on clades was
infrequently reported, we assigned clades based
upon the geographical spread described by WHO
[12] and drew conclusions about both number of
cases per clade and mortality per clade. These
results did not allow for the possibility that one
clade may invade other geographies or consider
that factors other than clade (e.g., access to
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healthcare) might account for the mortality
differences. Fourth, although more than half of
the included articles presented data on
transmission of monkeypox, in many studies not
all cases could be definitively attributed to either
animal-to-human transmission or human-to
human transmission.

Therefore, an in-depth analysis about the
proportion of cases being infected by human-to-
human transmission could not be performed.
Fifth, while a changing epidemiology of
monkeypox could be linked to the genetic
evolution of the monkeypox virus, a review of the
literature on the latter was not within scope of our
work. Lastly, data on risk factors for acquiring
monkeypox are rather scarce, and some
incongruous results were found. In one study, for
example, eating duiker and preparing wild animal
for food were identified as protective factors [26],
which appears in contrast to factors identified in
animal-tohuman transmission cases [15,29].
Thus, more formal studies of risk factors are
warranted.

Conclusions

The waning population immunity associated
with discontinuation of smallpox vaccination has
established the landscape for the resurgence of
monkeypox. This is demonstrated by the
increases in number of cases and median age of
individuals acquiring monkeypox as well as the
re-emergence of outbreaks in some countries after
an absence of 30-40 years. Further, the
appearance of cases outside of Africa highlights
the risk for geographical spread and the global
relevance of the disease. The possibility for
human-to-human transmission is a concern not
just among household members, but also among
providers of care to diseased individuals. In light
of the current environment for pandemic threats,
the public health importance of monkeypox
disease should not be underestimated.
International support for increased surveillance
and detection of monkeypox cases are essential
tools for understanding the continuously
changing epidemiology of this resurging disease.
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ABSTRACT

ackground and Obijectives: Red blood cell antigens have been reported to be involved in the epidemiology of

various diseases. Other stud-ies have suggested that the Rhesus C antigen has a protective effect against HIV

infection. However, there is limited information to support these findings. Therefore, this study sought to
investigate whether there was an association between Rhesus C antigen and HIV infection. Materials and Method: A
clinical and laboratory based analytical cross-sectional study was carried out on 165 HIV positive samples from the
Centre of Excellency at the Parirenyatwa Group of Hospitals and 165 HIV negative samples from National Blood Service
Zimbabwe. Rhesus blood grouping for the 5 principal Rhesus antigens (D, C, E, c and e) was done using reagents supplied
by Lorne Laboratories. Results: Atotal of 330 HIV positive and negative samples were used for the study. One hundred
and sixty-five (50%) of them were from HIV negative regular blood donors at the National Blood Service Zimbabwe and
the other 165 (50%) were from HIV positive patients enrolled at the Centre of Excellency Clinic of the Parirenyatwa
Group of Hospitals. Ninety-four (57%) and 71(43%) of the patients were males and fe-males respectively. Forty-four
(27%) and 46 (28%) of the HIV positive patients were in the 31-40- and 41-50-year age ranges respectively. Only 2 (1%) of
the patients were over the age of 70 years. The study showed no association between Rhesus C antigen and HIV infection
(p>0.05). E and C antigens were the least frequent Rhesus phenotypes in both HIV negative and HIV positive samples.
The total number of probable genotypes containing the C gene was also very low at 57(17%). There were 33 (20%) of HIV
negative donor samples with Rhesus C antigen, compared to 21 (13%) of HIV positive patient samples. Conclusions: The
study was unable to establish the link between the Rhesus C antigens with protection against HIV infection. Since Rhesus
C antigen is of low frequency in the Black population, very few patients with this antigen were identified with HIV

infection.

Key words: Association, HIV infection, protection, Rhesus C antigen

INTRODUCTION
I he Rhesus blood group is one of the most important
blood group systems in transfusion medicine practice
because of its involvement in some transfusion
related reactions. Apart from A and B antigens of the ABO
blood group, Rhesus antigens are the next most immuno-
genic. There are currently more than 40 Rhesus antigens,
with D, C, ¢, E and e being the principal antigens which are
dealt with in routine Blood Transfusion Practice.1
Some antigens such as Kidd and Duffy are
transmembrane glyco-proteins which are known to aid in
the transportation of substances across the cell membrane.1
Although a lot has been said about blood group antigens,
their exact function is still not clearly understood. Several
studies are now associating these antigens with certain dis-
ease states.2, 3 Rhesus antigens are an integral part of the
red blood cell membrane. Individuals with no Rhesus
antigens (Rhnull) have been found to develop a haemolytic
anaemia known as Hereditary Stomatocytosis.4 The
structure of Rhesus antigens has been reported to be similar
to that of ammonia transporter /methylamine permease
(Amt/Mep). The Amt/Mep proteins are also found in yeast,
bacteria and simple plants. The Amt/Mep proteins are
responsible for ammo-nia transportation. This is believed to
be one of the functions of the Rhesus antigens in human
beings. Therefore, there is more to blood group antigens
than challenges in blood transfusion alone.5
Since Rhesus antigens have been linked to possible
transmembrane transportation of microorganisms, studies
have also associated some of these antigens with human
immunodeficiency virus (HIV) infec-tion. One of such

studies linked the red blood cell antigens with pos-sible
protection against HIV infection6. Some blood group
antigens are known to act as receptors or ligands for
bacteria, parasites and viruses and many research studies
have linked red blood cell anti-gens with HIV
epidemiology.7

Some studies have indicated the significance of red blood
cells in the pathogenesis of HIV. Red blood cells are thought
to enhance the viral infectivity by binding free viruses and
viral immune complexes, thereby cross-infecting HIV-
susceptible cells. The Duffy antigen receptor for
chemokines (DARC) has been reported as a binding site for
HIV-1 on red blood cells. This binding increases infectivity
of susceptible immune cells. Another study linked Rhesus
C, Lub and P1 antigens with protection against HIV
infection.8, 9,10, 11

As Zimbabwe is in one of global HIV endemic regions,
and based on the above findings, this study was found
appropriate to establish the role of Rhesus C antigen in HIV
infection in the country. The objective of this study was to
determine the frequencies of Rhesus C antigen in HIV
positive and negative samples and determining its role in
HIV infection.

MATERIALSAND METHODS

Aclinical and laboratory based cross-sectional study was
carried out on samples obtained from the Parirenyatwa
Centre of Excellency (CoE) and the National Blood
Services Zimbabwe (NBSZ), from February 2019 to April
2019. Ethical approval to conduct the study was granted by
the Joint Research Ethical Committee of the Parirenyatwa
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Group of Hospitals and the then College of Health Sciences
(JREC/372/18).

Permissions to access patient data, collect blood samples
and perform laboratory tests were granted by the Clinical
Director of Parirenyatwa Group of Hospitals (PGH), the
Director of the Centre of Excellency (CoE) and the Chief
Medical Laboratory Scientist, respectively. Access to stored
donor blood samples at National Blood Service Zimbabwe
(NBSZ) was granted by the Planning, Information and
Research Manager at NBSZ.

The study was carried out in the Safety, Health,
Environment and Quality (SHEQ) laboratory at the NBSZ.
Blood samples from HIV negative blood donors at NBSZ
and HIV positive patients from CoE were used.

To further maintain strict confidentiality during the study;,
collected data was used for research purposes only. All the
results were saved on memory storage devices and
password protected computer that was only accessible to the
researchers.

The inclusion criteria were samples from HIV negative
regular blood donors and those from HIV positive CoE-
enrolled patients. The exclusion criteria were samples from
HIV negative and first-time blood donors.

A calculated sample size of 303 was determined using the
Dobson's Formula. To maintain confidentiality, HIV
positive samples were assigned new study identification
numbers, and HIV negative donor samples retained their
original donor identification numbers in addi-tion to new
study numbers.

Rhesus phenotypes were determined on patient and donor
red blood cells using commercial antibodies to the five
principal Rhesus anti-gens (D, C, ¢, E and e). The
phenotyping technique was based on agglutination for
positive reactions as outlined in the Lorne Labora-tories
Limited manufacturer's instructions. Positive and negative
controls for C antigen were also done at the same time to
validate the test results.

Data was captured and analyzed using the Microsoft
Excel and IBM SPSS version 19 software, respectively.
Descriptive statistics were used to analyze both categorical
and continuous variables.

Comparison of proportions of blood group antigens
between HIV positive and negative samples were
conducted using Pearson's chi-square test (x2), and the
results were considered significantatp < 0.05.

RESULTS

A total of 330 HIV positive and negative samples were
used for the study. One hundred and sixty-five (50%) of
them were from HIV negative regular blood donors at the
National Blood Service Zimba-bwe and the other 165
(50%) were from HIV positive patients en-rolled at the
Centre of Excellency Clinic at the Parirenyatwa Group of
Hospitals.

Ninety-four (57%) and 71(43%) of the patients were
males and fe-males respectively. Most of the HIV positive
patients, (44 (27%)) and 46 (28%), were in the 31-40- and
41-50-year age ranges respec-tively. Only 2 (1%) of them
were over 70 yearsold (Table 1).
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Table 1: Demographic Characteristics of HIV positive
patient Samples (n=165)

Chararieristic n L
Participasr Gender © (N=165)
D2k ad 3
Female | 43
TOTAL 165 ({0
Patients Age Crronp: (N=165)
0= 10 pemms B 5
1 =20 yeams 2 13
11 = ¥ yemn 17 It
11 — 40 years .E] X
41 — ¥ yean af n
31 = 0 yeurs X 12
61 — 70 yemars ] id
Tl — B yumre 1 1
TOTAL 165 ]

The study showed no association between Rhesus C
antigen and HIV infection (p>0.05) (Table 2). The C and E
antigens were the least frequent Rhesus phenotypes in both
HIV negative and positive sam-ples (Tables 2 & 3). There
were 33 (20%) of HIV negative donor samples with Rhesus
C antigen compared to 21 (13%) of HIV posi-tive patient
samples. The total number of probable genotypes con-
taining C gene were also very low at 57(17%) (Figure 1).

Table 2: Distribution of Rhesus antigens in HIV
Negative and Positive blood samples.

Primrrpal Bhesns HIV.-megatve (=165} HIV-positive (e=165) |
anfigrmn | u (%) n %) | valwe
D 157857 158 05.3) 0.792
C 4 20.6) 2701641 0.321
g 181 (67 &) 163 080 a410
E #{1E 101881 044
e 182540} 164 @9.4) 0314
Table 3: Rhesus phenotypes in HIV Negative

and Positive blood samples

HIV-Negative (n=165) HIV-Pasitive (n=165)

Phenotypes

n (%) n (%)

D,ce 115 (70) 116 (70)

| D.cEe 14(8) 25(19)

| D.C.ce 1902 18(11)
. DC.c.Ee 9(3) ik
| D.Ce 560 0
| D.c.E i 32

40
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Figure 1: Frequencies of moét probable Genotypes
in study samples (n=330).

DISCUSSION

Although the calculated sample size was 303, the total
number of participant samples exceeded this. Therefore, the
results were not affected by the sample size. An equal
number of HIV negative donor samples and HIV positive
patient samples were used to justify the outcome of the
study results.

There were more male than female patients with HIV
infection. Some studies have shown that women have lower
risk of HIV/AIDS than men.12 However, previous studies
have shown that Zimbabwe-an females were at higher risk
of HIV infection than males, and women in Sub-Saharan
Africa carried a disproportionally high bur-den of
HIV/AIDS.13, 14 The majority of HIV positive patients
were in the 31-50 years age range. This could be a direct
result of increased sexual activities associated with the age
group, as indicated in a previous study in the country.15
Only two HIV positive patients lived beyond 70 years. This
could be due to strict antiretroviral (ARV) treatment
adherence. There has been a remarkable improve-ment in
life expectancy of people living with HIV across the
globel.6

The study showed no association between Rhesus C
antigen and HIV infection, although some studies have
indicated an association of blood group antigens with HIV
epidemiology.6 In the general population, the frequencies
of Rhesus C and E antigens are very low. Therefore, the
apparent association of Rhesus C antigen with HIV
negativity had more to do with the antigen's low prevalence
in the general population, especially in Blacks.1 Rhesus C
and E anti-gens are antithetical to Rhesus ¢ and e
respectively. That is, Rhesus C and c antigens are always
present together or one of them may be present, and there is
never a situation where both are absent. The same applies to
Rhesus E and e antigens. Since Rhesus ¢ and e are high
frequency antigens, Rhesus C and E are respectively very
low frequency antigens in the Black population.1, 17, 18 In
a similar study on the role of Rhesus D antigen, Rhesus D
positive people appeared to be more susceptible to HIV
infection than their Rhesus D nega-tive counterparts. It was
argued that more than 95% of Black people have the D
antigen. Therefore, it was expected to have more HIV
positive people in Rhesus D positive than Rhesus D
negative indi-viduals.19

The exact role of Rhesus antigens remains largely
unknown, except for the removal of ammonia from the red
blood cells by the Rhesus associated antigen (RhAG) and

the maintenance of cell membrane. Another possible
function of Rhesus antigens is transportation of carbon
dioxide (CO2) and oxygen (02).4, 20 It has also been
argued that Rhesus antigens, as non-glycosylated
transmembrane proteins, may prevent any interaction of the
antigenswith HIV virus.18, 21

The probable genotypes containing C gene were very
low. This finding is consistent with frequencies of C gene in
the Black popula-tion as published in many literature
sources. However, in a recent study, the frequency of
Rhesus C antigen in an Indian population was found to very
high while that of Rhesus ¢ antigen was low.21, 22, 23
Therefore, it appears the distribution of Rhesus blood group
antigens vary according to ethnic groups.

Limitations: The study excluded other antigens, P1 and
Lub that were also thought to be associated with possible
protection against HIV infection.

CONCLUSION

The study was unable to establish the link between
Rhesus C antigen with protection against HIV infection.
Since Rhesus C antigen is of low frequency in the Black
population, very few HIV positive pa-tients with this
antigen were identified. The study also showed de-creased
frequencies of Rhesus C gene in created probable genotypes
in both Rhesus positive patient and HIV negative donor
samples in the study.

RECOMMENDATIONS

The role of red blood cell antigens is still a topical issue
which re-quires continuous research work. Therefore, more
research should be carried out in this area in different
ethnical population groups.
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