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Background: Glucose-6-phosphate dehydrogenase (G6PD) deficiency is an inherited X-linked
recessive condition in which the body does not synthesise a sufficient quantity of the G6PD
enzyme. Hemolytic anaemic episodes occur following exposure to some medications, foods,
or even infections in G6PD-deficient individuals. Aims and Objectives: To assess the digital
epidemiology as well as the geographic mapping of G6PD deficiency in the world including
countries of the Mediterranean basin. Materials and Methods: This study is primarily based on
a digital epidemiological analysis and geographic mapping based on data retrieved from Google
Trends database, a very large database, existing on the surface web. A retrospective analysis
was carried out for the period from the 22" of March 2015 to the 24" of January 2016. Trends
data will also be contrasted with a collateral data set of a cross-sectional analytic for the same
period which was conducted based on the exploration of cases of G6PD deficiency admitted
to Jordan University Hospital. Results: Concerning geographic mapping, countries of the Basin
of the Mediterranean Sea and the Arabian Gulf accounted for one-third of the entire geographic
map at 15.66% and 18.18% respectively. Countries of the Mediterranean basin included Jordan,
Italy, Lebanon, Israel, Egypt, Greece, Syria, Cyprus, Tunisia, Algeria, and Morocco. Contributing
countries surrounding the Arabian Gulf included Kuwait, Kingdom of Saudi Arabia, Bahrain, Iran,
United Arab Emirates, Qatar, and Iraq. The Hashemite Kingdom of Jordan contributed to 2.78%
of the global map which accounted for 17.74% of the entire Mediterranean basin. Concerning
digital epidemiology, the prevalence was recorded as highest during May 2015 (12.10%),
August 2015 (11.17%), and November 2015 (11.28%). Concerning the percentile contribution
of monthly records, data were in harmony for those cases admitted to hospital and signals
recorded via Google Trends. Both datasets averaged a percentile contribution of approximately
9% per month.Conclusion: This study is the first inferential research on G6PD deficiency based
on data from a trends database and parallel data from Jordan University Hospital. Ambitious
future research should deploy the use of machine learning for real-time and predictive analytics
which will provide an excellent value for public health services and epidemiological studies.
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INTRODUCTION

Glucose-6-Phosphate Dehydrogenase (G6PD) Deficiency
is the most common enzymatic disorder of genetic
basis affecting the red blood cells (RBCs) of nearly 400
million individuals worldwide.'? It has a high prevalence
in people of African, Asian, and Mediterranean descent.
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Therefore, the severity of G6PD deficiency can vary
significantly among ethnic groups.? The World Health
Organization (WHO) has classified G6PD deficiency into
variants (class-1 to class-V) based on the level of enzyme
deficiency and the severity of hemolytic episode and its
clinical manifestations. Class-1 deficiency represents the
most severe form of G6PD deficiency. GOPD deficiency
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in the region of the Mediterranean basin is usually a class-11
deficiency, while class-111 deficiency is due to defect in the
gene G6PD A —. Class IV and Class V are of no clinical
significance.’

The GOPD enzyme is part of the pentose monophosphate
shunt. It catalyses the oxidation of glucose-6-
phosphate and the reduction of nicotinamide adenine
dinucleotide phosphate (NADP+) to nicotinamide
adenine dinucleotide phosphate (NADPH). NADPH
maintains glutathione in its reduced form, which acts as
a scavenger for oxidative metabolites.” G6PD deficiency
is inherited as an X-linked recessive disorder like that
of haemophilia and colourblindness.>* The condition is
generally asymptomatic, but the atmospheric exposure
or ingestion of fava beans and certain chemicals
including drugs, as well as oxidant stress, bacterial or
viral infectious agents can trigger an acute episode of
hemolytic anaemia.* Infections are the most common
triggers of RBC hemolysis via a reactive inflammatory
response leading to the generation of free radicals in
macrophages, which can diffuse into the RBCs causing
oxidative damage.*® Fortunately, symptoms of G6PD
deficiency, including cardio-respiratory distress and
pallor, typically disappear once the trigger is recognised
or removed in parallel with management with blood
transfusion and hemodynamic support for the patient.**
GOPD deficiency appears to be a risk factor for the
development of diabetes mellitus.'”

This study will investigate, in an aim to reach a statistical
inference, the digital epidemiology and the relevant
geographic mapping of GG6PD deficiency in the world,
and to assess the contribution of the region of the Middle,
the Arabian Gulf, and the Basin of the Mediterranean Sea.

MATERIALS AND METHODS

This study is purely observational, and it relies on a digital
epidemiologic exploration based on retrospective analytics
of Google Trends database from the 22™ of March 2015
to the 24" of January 2016.%" There will also be a collateral
inclusion of some data from cross-sectional analytic of
cases of GOPD deficiency admitted and diagnosed for
the 1% time at Jordan University Hospital in Amman,
the capital city of Jordan. All cases were admitted to the
hospital within the specified timeframe. All individuals
were of the Arab ethnicity from the Middle East who are
permanent residents of Jordan. Data collection was based
on a personal interview (5-10 minutes) conducted by a
professional specialist pharmacist and a physician who has
been well-trained to avoid biases including selection and
interpretation errofs.
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The retrospective analytics was implemented via extraction
of data already indexed within the very large database
(VLDB) of Google Trends.™'” These data are based on
automated data gathering from millions of users existing on
the surface web. The data was retrieved for the same period
during which the cross-sectional analytics and interviews
were conducted at Jordan University Hospital with an
aim to compare regional data from Jordan and wide scale
representative data from the entire world (surface web).
Geographic mapping was also attempted via retrospective
analysis aiming at assessing the fractional (percentile)
contribution of Jordan, the Mediterranean Basin, and
the Arabian Gulf region. Statistical analyses, descriptive
and inferential, were carried out via Microsoft Excel 2016
and the Statistical Package for Social Sciences (SPSS v.20). The
implemented statistical tests included Students t-test, the
Analysis of Variance and Covariance (ANOVA), Chi-Square test,
regression models, and multivariate analysis. An alpha value ()
of 0.05 and a confidence interval of 95% (95% CI) were
considered as the cut-off margin for statistical inference.

The level-of-evidence for this study is estimated to be
of level-3 in compliance with the categorisation scheme
of level-of-evidence imposed by the Oxford Center for
Evidence-Based Medicine.'">A systematic review of the
literature was carried out on medical and paramedical
databases of literature including-PubMed, the Cochrane
Library, Embase, EBSCO, Google Trends, Research Gate,
Academia, Google Trends, and Sci-Hub. The grey literature
databases were also consulted. The reviewed literature of
interest was subsequently scrutinised for credibility and
reliability via the implementation of the appropriate tools
of critical appraisal.'

RESULTS

Based on data retrieved from Google Trends (Table 1),
the highest digital epidemiology was recorded during May
2015 (12.10%), August 2015 (11.17%), and November
2015 (11.28%). Concerning the percentile contribution
of monthly records, data were consistent, no statistically
significant difference in monthly average, in between those
cases admitted to Jordan University Hospital and data
signals conveyed via Google Trends. Both datasets averaged
a percentile contribution of approximately 9% per month.
However, linear regression was inconclusive as it displayed
a weak negative correlation without a statistical significance
in between the two sets of data of hospital versus Google
Trends (R’Secore= 0.064) (Figure 1).

Geographic mapping via Google Trends was informative
(Figures 1 and 2). The mapping included an impressive
count of 69 countries. Ghana and Maldives were ranked
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Jordan University Hospital

Google Trends (surface web)

Time of Case Admission Count of Cases

Percentile Contribution (%)

Count (interest) Percentile Contribution (%)

March, 2015 8 12.50 178 4.86
April, 2015 3 4.69 342 9.34
May. 2015 4 6.25 443 12.10
June, 2015 9 14.06 326 8.90
July, 2015 4 6.25 319 8.71
August, 2015 0 0.00 409 11.17
September, 2015 5 7.81 317 8.66
October, 2015 12 18.75 320 8.74
November, 2015 10 15.63 413 11.28
December, 2015 4 6.25 297 8.1
January, 2016 5 7.81 297 8.11
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Figure 1: Jordan University Hospital versus Google Trends: Digital Epidemiology of G6PD Deficiency (top left), Percentile Contribution (top

right), and Linear Regression (bottom)
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Figure 2: Geographic Mapping Based on Data from Google Trends
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1 and 2 (8.42% and 8.25%), while Peru, Colombia,
Chile, Austria, South Africa, Poland, Argentina, and Japan
all ranked last (0.08% for each country). Countries of
the Mediterranean Basin and the Arabian Gulf Region
accounted for one-third of the entire geographic map
at 15.66% and 18.18% respectively. The top twenty-
three contributing countries accounted for 80.39%.
Those countries included Ghana, Maldives, Hong Kong,
Philippines, Oman, Myanmar (Burma), Macau, Malaysia,
Singapore, Kuwait, Taiwan, Saudi Arabia, Bahrain, Iran,
Jordan, Cameroon, United Arab Emirates, Qatar, Italy,
Lebanon, Thailand, Israel, and Egypt (Figure 2). Countries
of the Mediterranean basin included Jordan, Italy,
Lebanon, Israel, Egypt, Greece, Syria, Cyprus, Tunisia,
Algeria, and Morocco. Contributing countties surrounding
the Arabian Gulf included Kuwait, Kingdom of Saudi
Arabia, Bahrain, Iran, United Arab Emirates, Qatar, and
Iraq. The Hashemite Kingdom of Jordan contributed to
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Figure 3: Descriptive Parameters: Number of Cases versus Timing of
Interview (time of hospitalisation)

2.78% of the global map which accounted for 17.74% of
the entire Mediterranean basin.

The total number of patients included in the cross-sectional
analytic at Jordan University Hospital was sixty-four
(n=064). All were from the Arab ethnicities inhabiting the
capital city of Amman in the Hashemite Kingdom of
Jordan. Male patients accounted for 62.5%. Approximately,
eighty percent (80%) of patients were of an age ranging
in between six months to five and a half years (5.5 years).
The youngest patient was six months old while the oldest
was eleven years old (Figure 3). Most patients (76.56%)
were admitted to the hospital within 24 hours from onsets
of symptomatic manifestations of the acute hemolytic
anaemia, while the rest (21.88%) were admitted within 48
hours, and only one patient (1.56%) was admitted within
12 hours. Most of the patients were interviewed first at
the ER (53.13%), department of paediatrics (42.19%), or
at the paediatrics outpatient clinic (4.69%).

DISCUSSION

Future studies should attempt to venture with experimental
and quasi-experimental study designs, including therapeutics
and gene therapeutics in parallel with observational analyses.
Thus, will actively promote the level-of-evidence of future
research. Exploration of more than one trends database
can be attempted as a representative of the surface web
for rigour digital epidemiologic and geographic mapping.
The incorporation of concepts of machine learning and
pattern recognition for real-time and predictive analytics
will provide an enormous impact of the level-of-evidence
of studies as well as offer apreemptive warning system for
mass casualties due to hemolytic anaemias clustered in a
specific geographic location of the wotld."” The benefits
for public health and the economy will be colossal by
sparing the work force, and other resources especially
financial ones.
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GO6PD deficiency is not only the most common red blood
cell enzymopathy but also represents the most common of
all clinically significant enzyme defects in human biology.'s
GOPD deficiency constitutes a significant public health
problem in the Middle East.'”'® The highest incidence of
G6PD deficiency has been described in Sardinia.”” G6PD
deficiency is still a significant health problem in Jordan.
The prevalence of GOPD deficiency in the north of Jordan
was estimated to be around 5.5% while 17% of children
admitted to princess Rahma teaching hospital with acute
hemolytic anaemia due to G6PD deficiency were females.”
GO6PD deficiency is a public health problem that has been a
predominant cause of severe hemolytic anaemia requiring
urgent hospitalisation in young Palestinian children in Gaza
strip.”! The highest prevalence of this enzymatic defect
was reported among sub-Saharan African countries®.
GO6PD deficiency is also common in some provinces of
Iran as fava beans represent an everyday food though Iran
is considered as a moderately high incidence area for the
GG6PD deficiency.”

CONCLUSION

Our study is the first of its kind to integrate a hybrid
approach by extrapolating an inference based on data
from trends databases in parallel with data from a major
hospital in Jordan. The two sets of data were concordant
and confirmatory for each other. Data from Google
Trends displayed additional information on the geographic
mapping and the fractional contribution of Jordan within
the Mediterranean basin as well as the contribution of
countries from the Arabian Gulf region. The study does
have some limitations though, including reliance on
pure observational analyses rather than an experimental
approach. Data from Trends database may also be faulty
due to the use of virtual private networks and internet
protocol masking technologies which may affect the
actual digital epidemiological assessment and the relevant
geographic mapping. Additionally, the study did not
incorporate the use of real-time or predictive analytics of
data. The later can revolutionise epidemiological studies
via the integration of concepts of big data in parallel with
machine learning and automated data collection.
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