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Background: Little is known about treatment eligibility in Africa for the hepatitis B virus
(TREAT-B) algorithm. We investigated the treatment eligibility among the HBV chronically
infected patients in a low and a high endemic region using the TREAT-B algorithm.

Methods: We recruited 227 treatment-naïve HBV-infected hospital attendees from the
low and high HBV endemic regions. We assessed the treatment eligibility by testing for
HBeAg serostatus and ALT levels. Socio-demographic data were collected with a
structured questionnaire. The accessory correlates of treatment eligibility (AST, ALP,
ALB, GGT, and TBIL) and the socio-demographic factors were analyzed by both
univariate and multinomial logistic regression using the SPSS and Medcalc. The
analysis was done at 95% CI and a p < 0.05 was considered statistically significant.

Results: Overall, 56.8% of the participants qualified for treatment at TREAT-B cutoffs of
≥2, with those from the low endemic region (90, 69.8%) having significantly higher
treatment eligibility indication than those from the high endemic region (p < 0.05).
Alcohol use and household contact with an HBV-infected person were independent
socio-demographic factors significantly associated with treatment eligibility for both low
and high endemic regions (p < 0.05). However, birth place was only indicated for
treatment eligibility among the high endemic participants (p < 0.05). AST, GGT, and
total bilirubin were the liver-related parameters significantly associated with treatment
eligibility (p < 0.05), with GGT and AST being significantly elevated among the eligible low
endemic dwellers compared to high endemic dwellers (p < 0.05).
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Conclusion: Using TREAT-B algorithm can be a plausible alternative to the orthodox
methods to specify treatment eligibility with the potential to scale up interventions targeting
HBV management and elimination.
Keywords: TREAT-B, eligibility, endemicity, hepatitis B core antigen, alanine aminotransferase
BACKGROUND

Hepatitis B virus (HBV) is the causative agent for liver
inflammatory diseases, which, if not diagnosed timely and
subsequently treated, are likely to progress to liver fibrosis,
cirrhosis, and cancer. Despite the presence of a safe and highly
efficacious vaccine, the HBV infection is one of the major public
health problems (1) with 257 million people chronically living
with the virus globally (2). In Africa, the burden stands at 6.1%
(3) in the general population but varies with the study cohort (4).
In east Africa, a prevalence rate of 6.025% has been recently
reported (5). Locally, approximately 1.845 million Ugandans are
chronically infected with the virus and are disproportionately
distributed in the 10 regions of the country. These range from
low through moderate to high endemicity with a national
prevalence rate of 4.1% (6) (7). A genetic component has been
implicated in regional difference in burden (8, 9). The lowest
cases of HBV have been reported in western, Kampala, central,
and mid-eastern regions with prevalence rates of 1.8%, 1.9%,
2.0%, and 2.1%, respectively, conventionally taken as low
endemic regions. On the other hand, the highest cases have
been noted in the mid-north and north-east with prevalence
rates of 4.6% and 4.4%, respectively (6). To achieve the ambitious
sustainable development goal (SDG) of eliminating HBV
infection by 2030 (2), scaling up antiviral treatment becomes
inevitable. Unfortunately, accessing the diagnostic procedures to
determine treatment eligibility is inadequate and not
economically affordable in resource-constrained settings
like ours.

Traditionally, liver biopsy has been used as the gold standard
in staging the liver diseases and determining the therapeutic
relevancy. However, the assay is expensive for implementation in
resource constrained parts of Africa (10). Besides, progressive
biopsies to monitor the extent of liver damage and stage fibrosis
appears not to be clinically feasible (11). Elastography has been
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endorsed by the World Health Organization (WHO) as a
plausible alternative (12). However, it requires sophisticated
and expensive equipment restricting its extensive application to
countries with developed economies (13). Alternatively, the viral
load-based polymerase chain reaction (PCR) testing approach
has been adopted, but still, it is very expensive for use in
resource-limited settings (14). Notwithstanding the limitations
surrounding the current diagnostic procedures to establish
treatment eligibility among the chronic hepatitis B (CHB)
patients, the WHO has recommended the screening of the
general populations for the HBV in the moderate to high
endemic countries in order to come up with the number of
chronically infected patients that need to be enrolled on
treatment (15). Accordingly, the WHO is targeting 80% of the
chronic HBV-infected patients that need the anti-viral therapy to
be indeed enrolled on treatment by 2030 (16). Besides, the
United Nations (UN) Sustainable Development Goal-3 (SDG-
3) target 3.3 highlights the combating of hepatitis B virus by 2030
(17). Nonetheless, the rapid diagnostic tests for the HBsAg and
HBeAg with high sensitivity have bridged the screening gap to
establish the HBV serostatus and virus replication kinetics,
respectively, in communities and hospital outpatient settings
(18). Unfortunately, these do not determine treatment
eligibility. However, incorporation of other correlates of liver
damage including AST (aspartate amino transferase), ALT
(alanine amino transferase), GGT (gamma glutamyl
transferase), ALP (alkaline phosphatase), ALB (albumin), PT
(platelet count), and TB (total bilirubin) (19) has been ordinarily
used to establish the HBV treatment candidature (20) (21). For
example, the APRI (aspartate aminotransferase:platelet ratio)
scores have for long guided the treatment decisions.
Unfortunately, the liver function tests (LFTs) are non-specific
since many cases of drug-induced or alcohol-persuaded liver
diseases have been implicated in their alterations (22, 23).
Therefore, these cannot be used in isolation to establish
treatment eligibility in chronic HBV patients. The currently
used algorithm for treatment eligibility that is recommended
by the Uganda ministry of health is based on the following
parameters: complete blood count to get the platelet count, LFTs
particularly ALT and AST, as well HIV serological testing. The
HBV viral load and abdominal ultrasound scan are
recommended depending on their availability. In addition, the
HBeAg test may be done but the guidelines do not advocate for it
as a basis for the decision to treat HBV chronic patients in
Uganda (24). The disclaimer given by the Ministry of Health
pertaining to the inclusion of HBeAg in the algorithm for the
decision making to treat or not to treat the HBV chronically
infected patients underestimates its potential in scaling up
treatment candidacy in communities.
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Nonetheless, the ALT in synergy with HBeAg has proved to
be a suitable option for the treatment eligibility and has been
exploited in the development and validation of a novel HBV
infection treatment eligibility algorithm called treatment
eligibility in Africa for the hepatitis B virus (TREAT-B) (14,
25). It is a simple score designed based on the ordinary
laboratory tests extensively available in the peripheral
laboratories in the low- to medium-income countries (LMICs),
without depending on the viral load (HBV DNA levels),
Fibroscan (elastography) or liver histopathology (liver biopsy).
In this model (Figure 1), the total points of TREAT-B are
obtained by summing up the HBeAg score as negative (0
point) or positive (1 point) and ALT score in the ranges; <20
IU/L = 0 point, 20–39 = 1 point, 40–79 = 2 points, or ≥80 = 3
points. Thus, TREAT-B scores range from a minimum of 0 for
HBeAg-negative and ALT <20 IU/L to a maximum of 4 for
HBeAg-positive and ALT ≥80 IU/L (25).

The TREAT-B score strategy snugly fits into the resource-
constrained setting unlike other treatment approaches (26) that
require specially trained staff and the sophisticated equipment
because both ALT and HBeAg are readily accessible and are
economically viable in nearly all LMICs (16). Besides, the
TREAT-B algorithm requires measurement of ALT using one
blood sampling unlike other diagnostic procedures that require
frequent visits to the hospital for assessment of ALT (25).
Moreover, TREAT-B can use values of ALT adapted from the
Frontiers in Virology | www.frontiersin.org 3
local laboratory and the cutoff can be adjusted from ≥2 to ≥3 at a
relatively lowered sensitivity without compromising specificity in
extreme resource poor setting limiting the number of chronic
HBV-infected patients under treatment and minimizing those
who may not need the lifelong treatment (27). Our study
therefore sought to estimate the proportion of the chronic
HBV patients eligible for treatment among a sample of HBsAg
seropositive treatment-naïve hospital attendees screened at
Kibuku health center IV and Kigtum general hospital based on
the TREAT-B algorithm using the cutoff of ≥2.
METHODS

Study Sites
Two sites were purposively chosen for sample collection. Kibuku
health center IV and Kitgum General Hospital. Kibuku health
center IV was chosen for the low endemic site because it was a
pilot site for HBV vaccination in the eastern region during the
study period. Similarly, Kitgum General Hospital was selected for
the high endemic site because it had just completed massive
screening for HBV and vaccination, so the hospital
administration was monitoring HBsAg seropositive patients
prior to enrollment onto the antiviral therapy through the
Ministry of Health hub system of viral evaluation. Kibuku
FIGURE 1 | The novel simplified score of the TREAT-B algorithm.
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https://www.frontiersin.org/journals/virology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/virology#articles


Kafeero et al. TREAT-B Algorithm in HBV Infection
district has a population of 250,600 with an area of 489.1 km2

and a population density of 512.4/km2 (28) at an elevation of
1,100 m above sea level. Kitgum district has a population of
204,012 with a total area of 3,960 km2 and a population density
of 62.6/km2 (28) at an elevation of 760 m above sea level.

Study Design and Population
This was a cross-sectional hospital-based study with quantitative
methods of data collection and analysis. The study population
was the treatment-naïve HBsAg seropositive persons screened
for HBV HBsAg serostatus prior to vaccination during the 2019–
2020 HBV immunization program in eastern Uganda and the
HBsAg seropositive cohort plus volunteer hospital attendees in
northern Uganda. The sampling was done for a period of 12
months from September 2019 to September 2020. For the eastern
low endemic region, the study site was Kibuku district Health
Center IV, while for the northern high endemic region, the study
site was Kitgum General Hospital. From either study site, the
subjects included in the study were adult HBsAg seropositive.
From the low endemic eastern region, the subjects screened for
inclusion in the study were coming from the Kibuku district and
from the neighboring districts of Butebo, Budaka, Butaleja,
Namutumba, and Pallisa. From the high endemic northern
region, participants were coming to Kitgum district General
Hospital from Kitgum district and the neighboring catchment
areas that included Lamwo, Karenga, Pader, Agago, and Kotido
districts (Figure 2).

Sample Size Determination
The sample size (n) was estimated by using the formula
described by Cochran (29). The national HBV prevalence of
4.1% (6) was used when calculating the sample size. A standard
normal deviate corresponding to the critical region of 1.96 at 5%
precision was used. After correcting for the 10% loss due to
unclear sample, a sample size of 227 treatment-naïve individuals,
132 (58.15%) from the low endemic region and 95 (41.85%) from
the high endemic region, was used. We had proportionately
more participants from the low endemic eastern region
compared to the high endemic northern region because the
eastern region is more populated than the northern region (28)
and required more representation.

Eligibility Criteria
Inclusion was based on HBsAg seropositivity, being treatment-
naïve, having attained 18 years and above at the time of
sampling, and being a resident of Kibuku or Kitgum districts
and the surrounding areas. Exclusion was based on exposure to
treatment for HBV, being under the age of 18 years, or turning
down the request to participate in the study.

Measurements
In this study, being infected with HBV was determined by
HBsAg seropositivity. Household contact with an HBV-
infected patients was defined as the presence of unprotected
contact with an apparently healthy person at home. Blood
transfusion was defined as any previous incidence of exposure
Frontiers in Virology | www.frontiersin.org 4
to foreign blood through a transfusion. Infection with a sexually
transmitted disease was defined as any kind of previous diagnosis
and treatment with such a disease. Alcohol intake, injection drug
use, and birth place were measured as self-reported use of
alcohol, self-injection with any drug, and self-reported site of
birth (hospital or not).

Data Collection, Blood Sampling, and
Ethical Approval
The demographic characteristics and the predictors of HBV
infection were collected by using a closed-ended questionnaire
administered by a nurse on site. For the laboratory
investigations, 4 ml of blood was drawn by vein puncture into
anticoagulant vacutainers from which serum was immediately
obtained to avoid hemolysis. The serum was kept in sterile viols
and stored at −20°C till further use. The study protocol was
approved by the Research and Ethics Committee of the School of
Biomedical Sciences, Makerere University (reference number
SBS-REC-708) and the Uganda National Council for Science
and Technology (UNCST) (reference number HS575ES).

Serological Testing
We used the 5-panel HBV One Step Hepatitis B Virus Combo
Test Device (FastepR, HBV-P43M) on serum samples following
the manufacturer ’s instructions. The test is a rapid
chromatographic immunoassay for the qualitative detection of
hepatitis B virus markers including the HBsAg and HBeAg, in
serum or plasma.

Data Presentation and Statistical Analysis
Categorical data were presented as frequency and percentages.
Univariate analysis was used to determine the crude odds ratio
(COR) whereas multinomial logistic regression analysis was used
to determine the adjusted odds ratio (AOR). All the analyses
were done at 95% level of significance and a p < 0.05 was
considered to be statistically significance. Data were analyzed
using SPSS version 26 and Medcalc version 20.010.

Liver enzymes, including alanine aminotransferase (ALT),
aspartate aminotransferase (AST), g-glutamyl transferase (g-GT),
alkaline phosphatase (ALP), as well as other chemistry
parameters including albumin (ALB) and total bilirubin (TB)
were evaluated by standard methods using the Chemistry
analyzer B120 (Mindray, China). The screening for HBsAg and
HBeAg was done on the spot during sample collection by the
laboratory technician whereas the chemistry parameters were
analyzed at Kibuli Muslim Hospital, the teaching hospital of the
Habib Medical School (HMS), Faculty of Health Sciences (FHS),
Islamic University in Uganda (IUIU).
RESULTS

Socio-Demographic Characteristics
In the present study, we have recruited 227 treatment-naïve
chronic hepatitis B virus patients. 132 (58.15%) were recruited
April 2022 | Volume 2 | Article 75471
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FIGURE 2 | Study sites from both low and high endemic regions.
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from the low endemic region whereas 95 (41.85%) were from the
high endemic region. Majority of our participants were 30 years
and above (50.7%), married (63.4%), women (63.9%), and with
basic primary education (42.3%) (Table 1).
Frontiers in Virology | www.frontiersin.org 6
Treatment Eligibility
Overall, 129 (56.8%) of the chronically HBV-infected
participants were eligible for treatment according to the
TREAT-B score of ≤2.0. Of these, 90 (69.8%) were from the
FIGURE 3 | Variation in the treatment eligibility by endemicity using the TREAT-B score of ≥2.0.
TABLE 1 | Socio-demographic characteristics of our study participants.

Variable Number Marginal Percentage

TREATB Eligible 129 56.8%
Not eligible 98 43.2%

HBeAg Negative 201 88.5%
Positive 26 11.5%

Sex Female 145 63.9%
Male 82 36.1%

Age 30 years and above 115 50.7%
Below 30 years 112 49.3%

Married No 83 36.6%
Yes 144 63.4%

Education level Post sec 11 4.8%
Post sec 15 6.6%
Primary 96 42.3%
Secondary 67 29.5%
Unknown 38 16.7%

History of blood transfusion No 208 91.6%
Yes 19 8.4%

Alcohol use No 167 73.6%
Yes 60 26.4%

Organ transplant No 227 100.0%
Injection drug use No 203 89.4%

Yes 24 10.6%
Born from health facility No 97 42.7%

Yes 130 57.3%
STD exposure No 167 73.6%

Yes 60 26.4%
Medical person No 213 93.8%

Yes 14 6.2%
Contact with HBV-infected person No 144 63.4%

Yes 83 36.6%
Total 227 100.0%
April 2022 | Vol
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low endemic region and 39 (30.2%) were from the high endemic
region (Figure 3). On analysis of the relationship between the
treatment eligibility and endemicity, the participants from the
low endemic region were more likely to be eligible for treatment
than the participants from the high endemic region (c2 = 16.6,
dof = 1, N = 227, p < 0.000) (Table 2).

Most of the participants eligible for treatment were female
(77, 59.7%), 30 years and above (70, 54.3%), married (83, 64.3%),
and of primary level of education (63, 48.8%) (Figure 4).

When we disaggregated data on the predictors of treatment
eligibility (socio-demographic and LFTs) with treatment
eligibility among participants from the low endemic region,
multinomial logistic regression analysis showed that only
alcohol use and household contact with an HBV-infected
person were the socio-demographic factors associated with the
treatment indication. Similarly, only AST and ALB were the
LFTs significantly associated with the treatment eligibility
(Table 3). Thus, non-alcohol use was associated with reduced
odds of treatment eligibility (AOR = 0.17, 95% CI = [0.05 to
0.56], p = 0.004). Similarly, people who reported not to have lived
with an HBV-infected person had reduced odds or being eligible
Frontiers in Virology | www.frontiersin.org 7
for treatment (AOR = 0.143, 95% CI = [0.059 to 0.344], p <
0.000) (Table 3). Thus, our results showed that people who did
not use alcohol and those who did not have any contact with an
infected person were only 17% and 14.3% eligible for treatment,
respectively. On the contrary, persons eligible for treatment from
the low endemic region had their AST significantly elevated
(AOR = 9.45, 95% CI = [2.93 to 30.7], p < 0.000) compared to
their counterparts. Hence, our findings illustrated that those
persons eligible for treatment had their AST 9.45 times elevated
when compared to those without treatment indication. As
regards the albumin and treatment indication, persons with
hypoalbuminemia were associated with reduced odds of
treatment eligibility (AOR = 0.22, 95% CI = [0.07 to 0.68], p =
0.009). Thus, persons with hypoalbuminemia were only 22%
more likely to be eligible for treatment.

Further still, for the high endemic region, alcohol use (AOR =
23.2, 95% CI= [3.4 to 157.8] p = 0.001) and birth place (AOR =
10.4, 95% CI= [1.7 to 62.9], p = 0.011) were significantly associated
with treatment eligibility. Thus, the persons who reported to be
using alcohol were 23.2 times more likely to be eligible for
treatment compared to those who did not. Similarly, the persons
TABLE 2 | 2 × 2 table showing the analysis of treatment eligibility by endemicity using the TREAB-B score of ≥2.0 for both low and high endemic regions.

Eligible for treatment Not eligible for treatment Totals

Low endemic region 90 (75.01) [2.99] 42 (56.99) [3.94] 132 c2 = 16.6
High endemic region 39 (53.99) [4.16] 56 (41.01) [5.48] 95 p < 0.000*
Totals 129 98 227
A
pril 2022 | Volume 2 | Arti
*p < 0.05 statistically significant.
FIGURE 4 | Demographic characteristics of the participants who were eligible for treatment indication using the TREAT-B score ≥2.0 from both the low and high
endemic regions.
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TABLE 3 | Socio-demographic factors and liver function tests associated with treatment eligibility among the HBsAg seropositive participants from the low endemic
region.

Variable Categories Treatment eligibility COR [95% CI] AOR [95%CI] p-
value

Eligible Not
eligible

Age <30 years 44
(57.9)

32 (42.1) 1 1

≥30 years 46
(82.1)

10 (17.9) 3.345 [1.47 to 7.61] 2.6 [0.96 to 7.2] 0.06

Sex Female 52
(63.4)

30 (36.6) 1 1

Male 38
(76.0)

12 (24.0) 0.547 [0.249 to 1.2] 0.65 [0.225 to
1.9]

0.426

Married Yes 60
(72.3)

23 (27.7) 1 1

No 30
(61.2)

19 (38.8) 0.605 [0.286 to
1.280]

0.83 [0.31 to
2.27]

0.723

Education level Unknown 11
(61.1)

7 (38.9) 1 1

Post sec 5 (45.5) 6 (54.5) 0.530 [0.116 to
2.422]

0.38 [0.05 to
2.89]

0.347

Primary 47
(75.8)

15 (24.2) 1.994 [0.656 to
6.061]

1.59 [0.37 to
6.76]

0.53

Secondary 27
(65.9)

14 (34.1) 1.227 [0.390 to
3.863]

1.67 [0.39 to
7.40]

0.498

Blood transfusion Yes 7 (63.6) 4 (34.6) 1 1
No 83

(68.6)
38 (31.4) 1.248 [0.345 to

4.521]
2.74 [0.51 to

14.7]
0.239

Alcohol use Yes 36
(85.7)

6 (14.3) 1 1

No 54
(60.0)

36 (40.0) 0.250 [0.096 to
0.654]

0.17 [0.05 to
0.56]

0.004*

Injection drug use Yes 10
(71.4)

4 (28.6) 1 1

No 80
(67.8)

38 (32.2) 0.842 [0.248 to
2.858]

0.39 [0.08 to
1.89]

0.241

Born from health
facility

Yes 39
(67.2)

19 (32.8) 1 1

No 51
(68.9)

23 (31.1) 1.08 [0.517 to 2.257] 1.15 [0.42 to
3.11]

0.786

Infection with STD Yes 34
(81.0)

8 (19.0) 1 1

No 34
(37.8)

8 (19.0) 0.388 [0.161 to
0.935]

0.43 [0.14 to
1.29]

0.133

Medical person Yes 7 (77.8) 42 (31.8) 1 1
No 83

(67.5)
40 (32.5) 0.593 [0.118 to

2.984]
0.48 [0.07 to

3.62]
0.48

Contact with HBV Yes 56
(87.5)

8 (12.5) 1 1

No 34
(50.0)

34 (50.0) 0.143 [0.059 to
0.344]

0.12 [0.04 to
0.34]

0.000*

AST (U/L) Normal 8 (8.9) 25 (59.5) 1 1
Elevated 82

(91.1)
17 (40.5) 15.07 [5.82 to 39.06] 9.45 [2.93 to

30.7]
0.000*

ALP (U/L) Normal 68
(75.6)

29 (69.0) 1 1

Elevated 13
(14.4)

10 (23.8) 0.554 [0.218 to
1.408]

0.64 [0.169 to
2.4]

0.505

Low 9 (10.0) 3 (7.1) 1.28 [0.323 to 5.07] 1.33 [0.16to 11.0] 0.791
g-GT (U/L) Normal 14

(15.6)
15 (35.7) 1 1

Elevated 76
(84.4)

27 (64.3) 3.02 [1.29 to7.06] 3.72 [0.97 to
14.3]

0.055

(Continued)
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who were born from home were 10.4 times more likely to be
eligible for treatment than their counterparts who were born from
the hospital. In contrast, persons who reported not to have had
prior contact with an HBV-positive family member were at a
reduced odds of treatment indication (AOR = 0.068, 95% CI =
[0.01 to 0.5], p = 0.008). Therefore, the likelihood that a person
without prior contact with anHBV-infected is eligible for treatment
is 6.8% compared to those who have had contact (Table 4).
Regarding the LFTs, persons eligible for treatment had elevated
total bilirubin (AOR = 18.5, 95% CI= [3.55 to 96.9], p = 0.001) and
ALP (AOR = 0.14, 95% CI = [0.024 to 0.8], p = 0.031) and were
significantly eligible for treatment. Consequently, persons eligible
for treatment from the high endemic region were 18.5 times more
likely to have elevated bilirubin and a 14% likelihood of having
low ALP.

In addition. when we compared the socio-demographic
factors that were significantly associated with the treatment
eligibility using the TREAT-B score among the eligible
participants for the low and high endemic participants,
interesting results were obtained. Only birth place (AOR =
17.1, 95% CI= [4.2 to 69.4], p < 0.000) and household contact
(AOR = 0.03, 95% CI= [0.007 to 0.2], p < 0.000) were the socio-
demographic factors that remained significantly associated with
treatment indication. Regarding the LFTs, AST (AOR-14.5, 95%
CI = [1.5 to 143.8], p = 0.022), GGT (AOR = 22.4, 95% CI = [3.1
to 162.8], p = 0.002), and albumin (AOR = 0.01, 95% CI = [0.001
to 0.12], p < 0.000) were significantly associated with treatment
eligibility by endemicity. Thus, people who were born from home
and eligible for treatment were 17.1 times more likely to be from
the low endemic region as opposed to the high endemic region.
In addition, people eligible for treatment and having elevated
AST and g-GT were 14.5 and 22.4 times, respectively, more likely
to be from the low endemic region.

In contrast, people without prior contact with an HBV-
infected person but eligible for treatment were 97.0% least
likely to be from the high endemic region but rather more
likely to be from the low endemic region. Similarly, people
who were eligible for treatment from the low endemic region
were 90.0% least likely to have normal bilirubin (Table 5).
Frontiers in Virology | www.frontiersin.org 9
DISCUSSION

Uganda is a country of moderate to high endemicity for the HBV
infection with a projected prevalence of over 4.1% in the general
adult population ranging from 0.8% in the south-west to 4.6% in
the mid-north (6). The burden is highest among persons living
with HIV (7.4%) (30) and is disproportionately distributed in the
different regions ranging from 4.7%–8% in Southern Uganda to
6%–12% in Northern Uganda (6, 12). Unfortunately, treatment
eligibility candidature for HBV infection is not well documented
in our communities. In 2019, the Uganda Ministry of Health
developed a national strategic plan for viral hepatitis and released
guidelines for the diagnosis and treatment of chronic hepatitis B
virus infection. These guidelines are based on the complex and
expensive tests and are hence difficult to implement in remote
and rural areas (31). With an estimated 1,845,000 people
chronically infected with HBV in Uganda (6), based on the
Polaris Observatory Collaborators (POC) data (32), it is
projected that 647,000 (34.97%) people require antiviral
therapy against the hepatitis B virus. However, only 3,000
people (<1%) are currently receiving the antiviral therapy (32)
because of the mainly asymptomatic presentation of CHB
infection making case detection challenging (33). The WHO
target on eradication of the HBV requires a drastic shift from 8%
in 2015 to 80% in 2030 of those eligible for treatment to definitely
get the therapy (16). To realize this ambitious target, 517, 600
HBV-infected individuals in Uganda should be enrolled on
treatment by 2030. Therefore, over the next decade, an
additional 517,600 people will have to be enrolled on the
antiviral therapy against HBV. Achieving this will not be
plausible in the absence of cost-effective and resource-
constrained compatible treatment eligibility algorithms. The
appraisal of the LFTs as non-invasive markers dates back from
the 1970s (20). However, many of them lack specificity since they
are produced by multiple organs in response to altered function
(34, 35). Presently, the control of the HBV epidemic in Uganda
largely depends on collective infant hepatitis B virus
immunization program called the Uganda National Program
on Immunization (UNEPI) introduced in 2002 (31). However,
TABLE 3 | Continued

Variable Categories Treatment eligibility COR [95% CI] AOR [95%CI] p-
value

Eligible Not
eligible

ALB (g/L) Normal 55
(61.1)

16 (38.1) 1 1

Low 32
(35.6)

23 (54.8) 0.405 [0.405 to
0.187]

0.22 [0.07 to
0.68]

0.009*

Elevated 3 (3.3) 3 (7.1) 0.291 [0.053 to 1.58] 0.36 [0.05 to
2.73]

0.323

Total bilirubin (µmol/L) Normal 55
(61.1)

35 (83.3) 1 1

Elevated 35
(38.9)

7 (16.7) 3.18 [1.27 to 7.95] 1.16 [0.27 to
5.03]

0.844
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TABLE 4 | Socio-demographic factors and liver function tests associated with treatment eligibility among the HBsAg seropositive participants from the high endemic region.

Variable Categories Treatment eligibility COR [95% CI] AOR [95%CI] p-
value

Eligible Not
eligible

Age <30 years 15
(41.7)

21 (58.3) 1 1

≥30 years 24
(40.7)

35 (59.3) 1.042 [0.449 to 2.42] 0.96 [0.33 to
2.76]

0.94

Sex Female 25
(39.7)

38 (60.3) 1.18 [0.499 to 2.80] 1.73 [0.55 to
5.47]

0.35

Male 14
(43.8)

18 (56.3) 1 1

Marital status Married 23
(37.7)

38 (62.3)

Not married 16
(47.1)

18 (52.9) 0.68 [0.29 to 1.59] 0.77 [0.25 to
2.33]

0.639

Educ. level Unknown 6 (30.0) 14 (70.0) 1 1
Post sec 6 (40.0) 9 (60.0) 0.64 [0.157 to 2.63] 0.514 [0.09 to

3.4]
0.512

Primary 16
(47.1)

18 (52.9) 0.48 [0.15 to 1.55] 0.85 [0.18 to
3.97]

0.838

Secondary 11
(42.3)

15 (57.7) 0.584 [0.17 to 2.01] 0.51 [0.11 to
1.40]

0.392

Blood transfusion Yes 3 (37.5) 5 (62.5) 1 1
No 36

(41.4)
15 (58.6) 0.85 [0.19 to 3.79] 0.48 [0.06 to

3.69]
0.48

Alcohol use Yes 13
(72.2)

5 (27.8) 1 1

No 26
(33.8)

51 (51) 5.10 [1.64 to 15.86] 23.2 [3.4 to
157.8]

0.001*

Injection drug use Yes 4 (40.0) 6 (60.0)
No 35

(41.2)
50 (58.8) 0.95 [0.25 to 3.628] 1.57 [0.25 to

9.82]
0.63

Born from health facility Yes 36
(50.0)

36 (50.0) 1 1

No 9 (50.0) 20 (87.0) 6.67 [1.82 to 24.42] 10.4 [1.7 to 62.9] 0.011*
Infection with STD Yes 3 (13.0) 9 (50.0) 1 1

No 30
(39.0)

47 (61.0) 1.56 [0.56 to 4.39] 2.23 [0.56 to
8.92]

0.253

Medical person Yes 1 (20.0) 4 (80.0) 1 1
Contact with HBV
infected

No 38
(42.2)

52 (57.8) 0.342 [0.037 to 3.18] 0.23 [0.003 to 18] 0.511

Yes 2 (10.5) 17 (89.5) 1
No 37

(48.7)
39 (51.3) 0.124 [0.027 to

0.574]
0.068 [0.01 to

0.5]
0.008*

AST (U/L) Normal 13
(31.6)

23 (63.9) 1 1

Elevated 26
(44.1)

33 (55.9) 1.39 [0.59 to 3.27] 0.43 [0.105 to
1.7]

0.230

ALP (U/L) Normal 30
(47.6)

33 (52.4) 1 1

Elevated 2 (9.5) 19 (90.5) 1.93 [0.51 to 7.237] 2.37 [0.38 to
14.7]

0.356

Low 7 (63.6) 4 (36.4) 0.12 [0.025 to 0.54] 0.14 [0.024 to
0.8]

0.031*

g-GT (U/L) Normal 25
(49.0)

26 (51.6) 1 1

Elevated 14
(31.8)

30 (68.2) 0.49 [0.21 to 1.12] 0.46 [0.14 to 1.5] 0.207

ALB (g/L) Normal 30
(39.5)

46 (60.5) 1 1

Elevated 5 (38.5) 8 (61.5) 3.07 [0.53 to 17.8] 2.71 [0.30 to
24.2]

0.371

(Continued)
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studies elsewhere have shown that HBV immunization alone will
be inadequate to achieve the ambitious United Nations (UN) and
World Health Organization (WHO) goal of HBV eradication in
the next decade (25). Thus, it is essential to scale up interventions
that target screening and treatment at a manageable cost in
resource-limited settings to reduce the transmission by
suppressing viral load (36). Consequently, the TREAT-B
algorithm as an accurate alternative to the current complex
treatment criteria that rely on invasive liver biopsy, HBV viral
load testing, and elastography is believed to have a profound
potential in complementing the current immunization strategy
in order to eliminate HBV by 2030.

Here we report the estimation of treatment eligibility among
the CHB-infected patients using the TREAT-B strategy
previously described by Yusuke et al. (25). Overall, in a sample
of 227 CHB-infected treatment-naïve patients that participated
Frontiers in Virology | www.frontiersin.org 11
in our study from both low and high endemic regions, 56.8%
were eligible for treatment using the TREAT-B cutoff ≥2.
Comparing the treatment eligibility by HBV endemicity, in a
sample of 132 from low endemic and 95 from the high endemic,
we found a large proportion of patients in need of antiviral
treatment using the cutoff ≥2 of 69.8% and 30.2%, respectively.
To the best of our knowledge, this is the first study in Uganda to
analyze treatment eligibility using the TREAT-B algorithm
among CHB-infected treatment-naïve persons attending the
outpatient clinic in a large government hospital from a high
endemic region and those coming for screening during the
Ministry of Health screening program prior to vaccination
from the district health center IV in a low endemic region.

The TREAT-B strategy uses only ALT and HBeAg tests, both
of which are easily accessible and can be carried out in resource-
limited and rural areas of Uganda making their incorporation in
TABLE 5 | Socio-demographic factors and liver function tests associated with eligibility for treatment among the HBsAg seropositive participants from the low and high
endemic regions.

Variable Categories Eligible for treatment COR [95% CI] AOR [95%CI] p-
value

Low
endemic

High
endemic

Age <30 years 44 (74.6) 15 (25.4) 1 1
≥30 years 46 (65.7) 24 (34.3) 0.653 [0.304 to 1.41] 0.59 [0.21 to 1.73] 0.343

Alcohol use Yes 36 (73.5) 13 (26.5) 1 1
No 54 (67.5) 26 (32.5) 0.76 [0.43 to 1.65] 0.94 [0.32 to 2.78] 0.907

Born from health facility Yes 39 (52.0) 36 (48.0) 1 1
No 51 (94.4) 3 (5.6) 15.69 [4.499 to

54.74]
17.1 [4.2 to 69.4] 0.000

Infection with STD Yes 34 (79.1) 9 (20.9) 1 1
No 56 (65.1) 30 (34.9) 0.494 [0.209 to

1.166]
0.39 [0.12 to 1.24] 0.11

1
Contact with HBV
infected

Yes 56 (69.8) 2 (3.4) 1
No 34 (47.9) 37 (52.1) 0.033 [0.007 to

0.145]
0.03 [0.007 to 0.2] 0.000

AST (U/L) Normal 8 (38.1) 13 (61.9) 1 1
Elevated 82 (75.9) 26 (24.1) 5.12 [1.9 to 13.7] 14.5 [1.5 to 143.8] 0.022*

ALP (U/L) Normal 68 (69.4) 30 (30.6) 1 1
Elevated 13 (86.7) 2 (13.3) 2.87 [0.61 to 13.5] 20.8 [0.9 to 444.1] 0.052
Low 9 (56.3) 7 (43.8) 0.57 [0.19 to 1.67] 0.71 [0.03 to 19.4] 0.707

g-GT (U/L) Normal 14 (35.9) 25 (64.1) 1 1
Elevated 76 (84.4) 14 (15.6) 9.69 [4.1 to 23.1] 22.4 [3.1 to 162.8] 0.002*

Total bilirubin Normal 55 (90.2) 6 (9.8) 1
Elevated 35 (51.5) 33 (48.5) 0.12 [0.044 to 0.304] 1 0.01 [0.001 to

0.12]
0.000*
A
pril 2022 | Volume 2 | Article
*p < 0.05 statistically significant.
TABLE 4 | Continued

Variable Categories Treatment eligibility COR [95% CI] AOR [95%CI] p-
value

Eligible Not
eligible

Low 4 (66.7) 2 (33.3) 0.96 [0.287 to 3.21] 0.59 [0.09 to
4.06]

0.589

Total bilirubin Normal 6 (16.2) 31 (83.8) 1 1
Elevated 33

(56.9)
25 (43.1) 6.82 [2.47 to 18.86] 18.5 [3.55 to

96.9]
0.001*
*p < 0.05 statistically significant.
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district hospital and health centers plausible. Using the TREAT-B
score cutoff ≥2, a large proportion of patients from the low
endemic and high endemic region obligated treatment
indication. Consequently, using the TREAT-B score, some
CHB-infected patients may receive unnecessary antiviral therapy
posing significant medical and cost implication burdens since once
initiated on antiviral therapy, the treatment is for life with
potential toxicity (25, 14). In our study, nonetheless, this can be
mitigated by using a score of ≥3, which though compromises the
sensitivity has no effect on specificity and can be applied in areas
where resources are severely constrained, restricting the number of
patients enrolled onto antiviral therapy and minimizing cases of
unnecessary lifelong treatment (25). Unfortunately, although the
TREAT-B uses both ALT andHBeAg for a decision to treat or not,
which are readily available and can potentially be measured as
point-of-care (POC) tests, the detection limit of HBeAg rapid
diagnostic tests has been questioned and needs to be
improved (37).

Our result of 56.8% of HBV-infected patients indicated for
treatment is higher than the estimate of 32% reported elsewhere in
Asia, 31.1% in Zambia (38), 41.6% in Vietnam (39), and 41.0%
among the Burkinabe ofWest Africa (14) while slightly lower than
the eligibility of 64% reported in Hong Kong (40). The differences
in the proportion of chronic HBV patients eligible for treatment
reported in our study and other studies reported in Zambia and
Gambia may be due to differences in the implantation of the
prevention and control strategies by the local and regional
governments. In Uganda, the data on the circulating genotypes
is scanty (41) but in Zambia and Gambia, the predominant
genotypes are A1 (38) and E, respectively. These differ in terms
of disease severity. Genotype A1 has been allied with more severe
disease compared to E (42).

In Uganda, 647,000 CHB patients are qualified for treatment
eligibility (32). Therefore, our results suggest that using the
simplified TREAT-B score, 1,047,960 hepatitis B chronically
infected persons among our study populations will receive
treatment, suggesting that 400,960 (21.7%) would be
unnecessarily enrolled on the antiviral therapy. Certainly, this
has financial implications to already poorly funded health systems
in Uganda especially at a time when most of the resources have
been diverted to COVID-19 management. However, widening
antiviral therapy coverage has a profound potential towards
reducing infection kinetics (43). Notwithstanding, our study
gave hospital-based estimates whose findings should be
interpreted with caution and may overestimate the proportion
of persons eligible for treatment. Hence, population-based studies
on the TREAT-B eligibility are warranted for more robust results.

Our findings suggest a significantly large number of patients
eligible for treatment by the TREAT-B algorithm from the low
endemic region compared to the high endemic region (p < 0.05).
This is contrary to the study by Veldhuijzen et al. (33) who
reported a profound need for treatment eligibility among high
endemic migrants compared to those low endemic parts. The
high treatment indication for participants from the low endemic
region can be accounted for by several observations from our
Frontiers in Virology | www.frontiersin.org 12
results and reports from literature, the first being the observed
significant association between treatment eligibility and alcohol
use among the low endemic participants. The odds of treatment
eligibility were increased among alcohol users from the low
endemic region (p < 0.05). This could be in part responsible
for the elevation of ALT as earlier reported by Lin et al. (44) and
Vanderlinde et al. (22). Secondly, the participants eligible for the
TREAT-B indication from the low endemic region had their AST
9.45 times elevated compared to those not eligible for treatment.
The AST has been implicated in alcoholic liver injury. Moreover,
alcohol and hepatitis B virus infection are the top causal agents of
liver cancer globally (45). This finding is consistent with the
earlier reports on the prevalence of alcohol hepatitis in Uganda
by Opio et al. (46) in a national referral hospital based study and
from the Uganda Non-Communicable Diseases (NCDs)
prevalence survey that highlighted a 10% prevalence of liver
diseases due to alcohol misuse (47). Besides, alcohol use in
Uganda is very high and available data show that Uganda is
one of the top countries globally with the highest consumption of
alcohol (48). For the high endemic region, the results are
inconsistent with the reported trend of alcohol use and liver-
related disease (49). This could be attributed to the self-reported
alcohol consumption. The participants could have been
dishonest with their alcohol intake status. Thirdly, the
participants eligible for treatment from the low endemic region
had their g-GT 22.4 times more elevated than those from the
high endemic region. This is consistent with the findings by Ban
et al. (50). The elevations in g-GT observed among the exposed
subjects to HBV could be predictive of liver-related damage. The
g-GT is the most specific and thus accurate surrogate marker of
liver disease, also originating from the kidney as well as from the
intestines. Despite this, most of the g-GT in serum is from
hepatocytes (51). In the current study, the g-GT levels were
significantly higher among the low endemic eligible participants
for treatment compared to their counterparts from the high
endemic region (p < 0.0001). Nonetheless, sclerosing cholangitis,
cholecystitis, and alcoholism have also been implicated in
causing elevations in g-GT giving false-positive rate when g-GT
is used alone (52, 53, 54, 55). Fourthly, the participants eligible
for treatment from the low endemic region reported significantly
higher odds of being born from home rather than from a health
facility. This could probably have increased the chance of
infection during birth that has over the years contributed to
liver diseases (56). Besides, despite the Ugandan Ministry of
Health’s ban on the traditional birth attendants in 2010, 80% of
the women in rural areas still prefer their services to the formal
health services (57). Thus, our results suggest that the Ministry of
Health should strengthen and implement the ban imposed upon
the traditional birth attendants to curb the vice and reduce the
risks of mother-to-child HBV transmission. Fifthly, the observed
significant hypoalbuminemia among the low endemic
participants eligible for treatment is a marker of liver disease
(58) while the reduced odds of hypoalbuminemia among the
high endemic participants is indicative of reduced likelihood of
liver damage confirming the low treatment eligibility observed in
April 2022 | Volume 2 | Article 754711

https://www.frontiersin.org/journals/virology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/virology#articles


Kafeero et al. TREAT-B Algorithm in HBV Infection
our study. Finally, eligible participants for treatment indication
from the high endemic region had significantly low ALP (p <
0.05). The ALP has been implicated in drug-induced liver injury
(23). Thus, our results suggest that in the high endemic region,
the relative importance of drug abuse in liver disease indication is
minimal. In addition, the hyperbilirubinemia observed among
the treament indicated that participants from the high endemic
region could be attributed to other conditions other than viral
hepatitis including dietary toxins (59) and parasitic infections
(60) like fascioliasis and hydatidosis (61, 62, 63, 64, 65).

Additionally, treatment indication using the TREAT-B score was
significantly higher among those participants who reported
household contact with an HBV-infected person for both the low
and high endemic regions (p < 0.05). This finding is consistent with
earlier reports from related studies by Shedain et al. (66) in Nepal,
Muljono (67) in Indonesia, Pereira et al. (68) in Brazil, and Sofian
et al. (69) in Iran, which implicated HBV infection to HBV
seropositivity of a family member including the mother, father, or
a sibling. Moreover, presence of an HBV carrier member in the
family has been reported to increase the risk of HBV transmission
by 11%–57% in studies by Ragheb et al. (70) in Egypt, Lobato et al.
(71) in Brazil, and Mohammad Alizadeh et al. (72) and Sofian et al.
(69) in Iran. This is due to the highly contagious nature of the virus,
being 100 timesmore contagious thanHIV, and its ability to remain
on surfaces for 7 days (56). Thus, our results suggest that HBV
carriers should be screened at the household level to reduce intra-
familial transmissions. Finally, our advocacy for TREAT-B
algorithm appears to be in fair conformity with the observed
treatment indication from literature for age 30 years and above
(73), AST elevation (74), alcohol use (75), and g-GGT (76) for both
participants from the low and high endemic regions.

The results from our study have thoughtful relevance to
global HBV management strategy by filling the knowledge gap
pertaining to treatment eligibility for chronically infected HBV
patients. Being cheap, the method is economically viable with
profound potential for use in resource-limited settings.
Accordingly, because of the already weak health systems in
most of the Sub-Saharan African countries that have been
constrained by the COVID-19 pandemic, these economic
compatible approaches should be prioritized.

Our study could not go without limitations. Firstly, the study
findings are not representative of the Ugandan general population
because we confined the study to outpatients in two hospitals: one in
Eastern Uganda and another in Northern Uganda. Secondly, the
cross-section nature of the study with only one assessment of the
LFTs could have provided an overestimation of people eligible for
treatment. Besides, one-off elevation of liver enzymes could not have
been quite informative because factors other than HBV can be
attributed to liver inflammation. Thirdly, hepatitis Delta could be
prevalent among the study participants. However, we were not able
to screen for HDV. Fourthly, the intake of alcohol was self-reported
and there is a likelihood of under-reporting alcohol intake.
Moreover, the influence of other drug abuse was not investigated.
Fifthly, the retrospective nature of the study could have been
associated with recall bias. Finally, we did not establish other
causes of liver inflammation such as drug persuaded injury and
Frontiers in Virology | www.frontiersin.org 13
exposure to afro toxins, which can potentially elevate the predictors
of liver inflammation.
CONCLUSION

There is a need for screening of the exposed patients to HBV
using point-of-care tests in order to establish treatment eligibility
in a bid to eliminate HBV in the next decade as projected by the
sustainable development goal 4. The concordance observed
between the TREAT-B eligibility scores and the correlates of
liver damage justify the appropriateness of this technique in
bridging the diagnostic gap between the orthodox liver
assessment methods like liver biopsy and expensive methods
like magnetic resonance imaging (MRI) and computed
tomography (CT).
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