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ABSTRACT

Purpose: We set out to determine the baseline prevalence of trachoma in 13 Local Government
Areas (LGAs) of Borno State, Nigeria.

Methods: A population-based cross-sectional survey was conducted in each of 13 LGAs from 2017
to 2019, with the support of Tropical Data (TD). World Health Organization (WHO)-recommended
protocols were used. With a probability-proportional-to-size systematic sampling method, 25
villages were selected per LGA in 2017 and 30 villages per LGA in 2019; in each village, 25
households were enrolled for 2017 surveys, while 30 were enrolled for 2019 surveys. All present,
consenting residents aged >1 year were examined by TD-certified graders for trachomatous
inflammation—follicular (TF) and trachomatous trichiasis (TT) using the WHO simplified grading
scheme. Additionally, we collected data on household-level access to water, sanitation and hygiene
(WASH) facilities.

Results: One LGA (Magumeri) had TF prevalence in 1-9-year-olds =10%; two other LGAs (Monguno
and Kaga) had TF prevalence between 5.0% and 9.9%. The prevalence of TT unknown to the health
system was >0.2% in six LGAs. The proportion of households with access to improved water sources
ranged from 30% (Kwaya Kusar) to 95% (Monguno); household-level access to improved latrines
was lowest in Shani (7%) and highest in Maiduguri (95%).

Conclusion: Active TT case finding and strengthening of TT surgical services are needed in six LGAs.
Mass drug administration (MDA) of antibiotics is needed in three LGAs to reduce the prevalence of
active trachoma to below elimination thresholds. The trachoma elimination programme should
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engage WASH agencies to augment access to improved WASH facilities.

Introduction

Trachoma is a chronic eye disease caused by Chlamydia
trachomatis." With repeated infections — as occur over
many years in people living in endemic populations —
C. trachomatis can provoke conjunctival scarring and even-
tual in-turning of the eyelid. This may drive corneal scar-
ring and blindness from the continuous rubbing of
eyelashes on the cornea. Trachoma accounts for 4% of all
blindness in Nigeria; within Nigeria, the north-eastern part
of the country is thought to have the highest disease
burden.*”

The World Health Organization (WHO) recom-
mends the SAFE strategy (Surgery for trichiasis;
Antibiotics to clear infection; Facial cleanliness and

Environmental improvement to reduce transmission)
to eliminate trachoma as a public health problem.*
Implementation of this strategy has been associated
with reductions in trachoma prevalence in several coun-
tries, including Nigeria."® WHO recommends that
SAFE be applied at district level* (which, for trachoma
elimination purposes, is equivalent to the Local
Government Area [LGA] in Nigeria; LGA populations
range from 50,000 to 200,000 persons). The prevalence
of trachomatous inflammation—follicular (TF) in chil-
dren aged 1-9 years guides the need for A, F, and E, and
the prevalence of trachomatous trichiasis (TT) unknown
to the health system in adults aged =15 years guides the
need for S. (TT “unknown to the health system”
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excludes TT that has already been operated on, which
has a date set for surgery or for which management has
been refused.)

Borno State is in the north-eastern Zone of
Nigeria and shares boundaries with Adamawa,
Gombe, and Yobe States of Nigeria, the Far North
Region of Cameroon and the Diffa Region of the
Republic of the Niger. In each of these adjacent
administrative areas except Adamawa, trachoma has
been documented to be a public health problem;’'*
in Adamawa, mapping of trachoma was undertaken
in 21 LGAs in 2017-2019, revealing some TT but no
LGAs with a TF prevalence at or above the 5%
elimination threshold."” Borno State has no estab-
lished eye care programme, so no structured service
has been provided for patients with trachoma and no
recent local service data generated. It has also been
facing security challenges for more than a decade,'*
which have delayed field investigation.

We sought to generate LGA-level baseline data on
trachoma in all 27 LGAs of Borno State. During the
period of fieldwork, only 13 LGAs were accessible
with safety. The remaining 14 LGAs were therefore
omitted from this survey series; because of the
ongoing insurgency in the state, it is unknown
when surveys of these LGAs will be possible.'” The
primary objective of this work was to estimate the
LGA-level prevalence of TF in children aged 1-
9 years. The secondary objectives were to estimate
the LGA-level prevalence of TT unknown to the
health system in individuals aged >15 years and to
assess household-level access to WASH facilities in
each LGA. WASH data assist with planning for the
F and E components of SAFE. Joint monitoring of
WASH and neglected tropical diseases also helps to
detect inequalities, direct investments, and track
progress.'®

Materials and methods

We conducted population-based cross-sectional surveys
according to WHO design recommendations.'”"®
Fieldwork took place between February 2017 (5 LGAs)
and March 2019 (8 LGAs).

Sample size calculation

The single-population-proportion-for-precision for-
mula was used to determine the number of 1-9-year-
old children to be enumerated to estimate an expected
TF prevalence of 10% with an absolute precision of 3%.
The sample size (n) was calculated as: n = DEFF x p

(1-p)/(2 x d/((1.96 x 2)H) x [non-response inflation
factor]. We used a non-response rate inflation factor of
1.2. The design effect for cluster surveys was assumed to
be 2.65,'® resulting in 1225 children to enumerate.

Study design and sampling strategy

We used a two-stage sampling strategy to select the
survey population. The first-stage clusters were villages.
Since each survey team can reliably survey 25-30 house-
holds in 1 day, and there is a mean of 2.0 children aged
1-9 years in each rural household in northern Nigeria, "’
for the 2017 surveys, 25 villages (1225/(25 x 2) = 24.5)
were selected from a sampling frame, which consisted of
a list of all villages in the LGA. However, for the 2019
surveys, to increase recruitment, 30 villages were
selected per LGA. Villages were selected using systema-
tic sampling with a probability-proportional-to-village-
size methodology. Selection of households within
selected villages was undertaken using the compact seg-
ment sampling method. Villages were divided into seg-
ments that contained approximately the same number of
households (25 for 2017 surveys and 30 for 2019 sur-
veys) and one segment was randomly selected by draw-
ing lots. All households in this segment were visited.
Within each household, all residents aged >1 year who
had resided in the household for at least 6 months at the
time of survey, including those absent at the time of visit,
were identified by the household head and enumerated.

Field team training

Tropical Data (TD, www.tropicaldata.org) protocols
were followed in pre-survey field team training and
certification. Version 2 of the TD training system was
used for these surveys.”® All graders were ophthalmic
nurses who had participated in a TD grader qualifying
workshop and passed both the slide-based and live
patient inter-grader agreement tests with kappa statistics
for TF of 20.70. All recorders passed tests for fidelity of
data recording.

Individual-level data

Gender and age in years at last birthday were recorded
for all household members. Those present at the time of
the survey and willing to participate were examined for
TT, TF, and trachomatous inflammation—intense (TT)
by graders using 2.5x magnifying loupes and daylight
illumination. Persons with TT were further examined
for the presence of trachomatous scarring of the tarsal
conjunctiva’ and asked whether they had previously
been offered surgery or any other management for TT.


http://www.tropicaldata.org

In the 2019 surveys, follicle size guides*' were used to
help graders consistently make a distinction between
follicular inflammation that did or did not meet the
definition of TF.** For the purposes of this paper, we
defined TT as the presence of trichiasis in either the
upper or lower eyelid, with or without trachomatous
conjunctival scarring. The teams made one return visit
to households where children had been absent on first
visit.

Household-level data

GPS coordinates for each selected household were
recorded. Data on WASH access were collected from
the household head or their proxy. Household sanitation
and handwashing facilities (if present) were then
inspected to capture details of their type. Water sources
and sanitation facilities were categorised as improved or
unimproved, as per the WHO/UNICEF Joint
Monitoring Program for Water Supply and Sanitation
definitions used for monitoring progress towards the
Sustainable  Development  Goals (SDGs).'®*3
A household was defined as a household head together
with all individuals normally resident in the compound
and eating from the same pot.

Data collection and management

All data were collected, stored, and managed using the
TD system. Data were captured electronically using an
Open Data Kit (ODK) smartphone application and sent
to a secure Cloud-based server, then checked and
cleaned by a dedicated data manager.'®

Ethics

Protocols were approved by the Ethics Committees of
the Ministry of Health of Borno State and the National
Health Research Ethics Committee of Nigeria (NHREC/
01/01/2007). Approval for TD to support these surveys
was given by the Ethics Committee of the London
School of Hygiene & Tropical Medicine (16105). After
field teams explained the examination protocol to each
adult in a language that the person understood,
informed verbal consent for enrolment and examination
was obtained. Verbal consent was considered appropri-
ate in this setting as adult literacy rates are low. Heads of
households gave consent for the participation of minors,
while adults gave consent for their own participation.
Consent (or its refusal) was formally documented by the
TD data recorder. Individuals with active trachoma
(those found to have TF and/or TI) were given two
tubes of 1% tetracycline eye ointment and instructed
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on its use. Persons with TT were referred for eyelid
surgery at the nearest facility to the participant’s usual
residence. Examiners cleaned their hands with an alco-
hol-based skin cleaning agent after examination of each
participant.

Protecting our field staff was also an important ethical
consideration. A security plan was devised in conjunc-
tion with security experts. Field security assessments
were conducted ahead of the mapping and regularly
revised during each survey. Survey teams were given
specific security training and provided with satellite
phones (Thuraya, United Arab Emirates) for use in
case of emergency.

Data analysis

Data were analysed in R (R Foundation for Statistical
Computing, Vienna, Austria).”* Village-level TF pro-
portions were adjusted for age in 1-year age bands.
LGA-level TF prevalence estimates were calculated as
the mean of adjusted village-level proportions. Village-
level TT proportions were adjusted for gender and age in
5-year age bands. LGA-level TT prevalence estimates
were calculated as the mean of the adjusted village-
level proportions. Confidence intervals (CIs) were cal-
culated by taking the 2.5th and 97.5th centiles of the
distribution of prevalence after resampling the village
means over 10,000 iterations."®

Surveys included the full package of TD quality assur-
ance and quality control measures adopted from the
Global Trachoma Mapping Project.'

Results

Our field teams examined a total of 46,165 persons
(Table 1). In the 1-9-year age group, 19,369 children
were examined from 19,680 enumerated children, repre-
senting a response rate of 98.4% (Table 2). Of

Table 1. Age and gender distribution of survey participants
examined for trachoma, Borno State, Nigeria, February 2017-
March 2019.

Age (years) Females % Males % Total % of Total
1-10 10,310 22 10,615 23 20,925 45
11-20 4175 9 2954 6 7129 15
21-30 4223 9 1766 4 5989 13
31-40 2815 6 1945 4 4760 10
41-50 1599 3 1623 4 3222 7
51-60 900 2 1136 2 2036 4
61-70 537 1 740 2 1277 3
71-80 282 1 338 1 620 1
>81 85 0.2 122 0.3 207 0.5
Total 24,926 54 21,239 46 46,165 100
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Table 2. Local Government Area (LGA)-level prevalence of trachomatous inflammation—follicular (TF), Borno State, Nigeria,

February 2017-March 2019.

Age-adjusted TF prevalence

LGA 1-9-year-olds in 1-9-year-olds
Number of Clusters surveyed Enumerated Examined (%) (95% CI)

2017 surveys

Bayo 25 1179 1166 2.8 (1.6-4.5)
Biu 25 975 947 0.8 (0.3-1.4)
Hawul 25 1005 992 1.0 (0.5-1.8)
Kwaya Kusar 25 1077 1073 2.6 (1.4-4.0)
Shani 25 1044 1032 1.5 (0.7-2.2)
2019 surveys

Askira/Uba 30 1801 1792 1.1 (0.6-1.6)
Chibok 30 1824 1813 1.4 (0.7-2.2)
Damboa 30 1724 1716 34 (1.7-5.6)
Jere 30 1962 1916 3.2 (1.7-5.2)
Kaga 30 1900 1888 59 (4.3-7.9)
Magumeri 30 1849 1844 12.2 (8.5-16.2)
Maiduguri 30 1761 1658 4.6 (2.4-6.8)
Monguno 30 1579 1532 8.4 (5.5-11.9)

Table 3. Prevalence of trachomatous trichiasis (TT) unknown to the health system and TT backlog in 13 Local Government Areas (LGAs),

Borno State, Nigeria, February 2017-March 2019.

Age- & gender-adjusted TT prevalence

Estimated total population 215 years in 215-year-olds

LGA of persons aged >15 years® Enumerated Examined Prevalence® (%) (95% Cl) Estimated TT backlog®
2017 surveys

Bayo 44,284 1358 1302 0.29 (0.10-0.56) 128
Biu 98,426 1549 1489 0.19 (0.03-0.43) 0
Hawul 67,610 1454 1378 0.04 (0.00-0.09) 0
Kwaya Kusar 31,754 1479 1418 0.09 (0.02-0.19) 0
Shani 56,554 1389 1306 0.15 (0.04-0.28) 0
2019 surveys

Askira/Uba 80,255 2284 2123 0.11 (0.01-0.27) 0
Chibok 37,146 2320 2179 0.06 (0.00-0.14) 0
Damboa 130,592 1867 1784 0.56 (0.29-0.99) 731
Jere 117,100 2189 1917 0.64 (0.13-1.50) 749
Kaga 50,398 1906 1799 0.35 (0.13-0.65) 176
Magumeri 78,544 1831 1757 0.4 (0.19-0.67) 314
Maiduguri 302,409 2155 1890 0.18 (0.03-0.40) 0
Monguno 61,507 1894 1777 0.79 (0.20-1.82) 486
Total 1,156,579 2584

Cl, confidence interval.
?Based on data from the 2006 census.?

PPrevalences of TT unknown to the health system are displayed to two decimal places in order to provide clarity on whether or not the best estimate of
prevalence was above or below the elimination threshold of 0.2% in adults >15 years.

TT backlog was calculated as per methods previously described.?®

23,675 =15-year-olds enumerated, 22,119 were exam-
ined, of whom 13,017 (58.8%) were females, represent-
ing a response rate of 93.4% (Table 3).

Prevalence of trachoma

The prevalence of TF in children aged 1-9 years
ranged from 0.8% in Biu to 12.2% in Magumeri;
Magumeri was the only LGA with a TF prevalence
of 210%. Two LGAs (Kaga and Monguno) had TF
prevalence estimates between 5.0% and 9.9% (Table 2
and Figure 1). The prevalence of TT unknown to the
health system in persons aged 215 years was <0.2%

in seven LGAs (range 0.04-0.19%) and >0.2% in six
LGAs (range 0.29-0.79%) (Table 3 and Figure 2). The
TT backlog in these 13 LGAs, which in 2006 had an
estimated combined population of 2,065,320,%° was
2584 (Table 3).

Water and sanitation coverage

The proportion of households with access to
improved drinking water sources was lowest in
Kwaya Kusar (30%) and highest in Monguno (95%).
Only three (23%) of the 13 LGAs had >80% of
households with access to an improved drinking
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Figure 1. Prevalence of trachomatous inflammation—follicular (TF) in 1-9-year-old children, by Local Government Area, Borno State,
Nigeria, February 2017-March 2019. The boundaries and names shown and the designations used on this map do not imply the
expression of any opinion whatsoever on the part of the authors, or the institutions with which they are affiliated, concerning the legal
status of any country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries.

water source. Reported drinking water access within
30 minutes of the household ranged from 49% in
Kwaya Kusar to 79% in Bayo. Similarly, across the
state, there was poor access to improved latrines
(latrines that hygienically separate human faeces
from human contact), with only one LGA having
>80% household-level improved latrine access
(Table 4). Household-level access to improved
latrines was lowest in Shani (7%) and highest in
Maiduguri (95%; Table 4).

Discussion

The prevalence of TF was above the threshold for inter-
vention for elimination as a public health problem in
three of the 13 Borno State LGAs we surveyed:
Magumeri, Monguno, and Kaga. These LGAs qualify for
antibiotic mass drug administration (MDA) for trachoma
elimination purposes as well as initiatives focused on
facial cleanliness and environmental improvement,
though the evidence base for the A component of SAFE

currently outweighs that for F and E.*’~*° Current WHO
recommendations suggest that prior to undertaking
impact surveys, Magumeri LGA should receive 3 years
of A, F, and E, while Monguno and Kaga should each
receive 1 year of A, F, and E.** Additionally, since each of
those LGAs, plus Bayo, Damboa, and Jere, had prevalence
estimates for TT unknown to the health system above the
elimination threshold, six LGAs require programmes of
active TT case finding and community-based eyelid sur-
gery to clear the estimated TT backlog of approximately
2,500 people, all of whom are at risk of imminent sight
loss. In the other LGAs, incident and post-operative TT
management should be managed through routine eye
health-care services.” However, Borno State currently
has no existing eye care programme and no formally
trained TT surgeons. Individuals with TT must therefore
consult one of the relatively few in-state ophthalmologists
to access TT management, a situation that has undoubt-
edly contributed to the above-threshold TT prevalences.
To achieve and maintain elimination of trachoma here, it
will be necessary to train and equip TT surgeons in Borno,
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Figure 2. Prevalence of trachomatous trichiasis (TT) unknown to the health system in persons aged >15 years, by Local Government
Area, Borno State, Nigeria, February 2017-March 2019. The boundaries and names shown, and the designations used on this map do
not imply the expression of any opinion whatsoever on the part of the authors, or the institutions with which they are affiliated,
concerning the legal status of any country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or

boundaries.

Table 4. Household access to water, sanitation, and hygiene
facilities in 13 local government areas (LGAs), Borno State,
Nigeria, February 2017-March 2019.

Households  Households with
with an drinking water ~ Households

improved source within with an
drinking a 30-minute improved

Households water source  return journey latrine

LGA surveyed N (%) N (%) N (%)
Bayo 616 245 (40) 485 (79) 91 (15)
Biu 620 442 (71) 478 (77) 400 (65)
Hawul 625 250 (40) 388 (62) 208 (33)
Kwaya 623 186 (30) 305 (49) 180 (29)

Kusar

Shani 625 226 (36) 469 (75) 44 (7)

Askira/ 896 389 (43) 634 (71) 613 (68)
Uba

Chibok 902 448 (50) 601 (67) 625 (69)
Damboa 897 643 (72) 637 (71) 643 (72)
Jere 898 598 (67) 570 (63) 706 (79)
Kaga 898 771 (86) 513 (57) 536 (60)
Magumeri 895 803 (90) 452 (51) 442 (49)
Maiduguri 896 497 (55) 649 (72) 848 (95)
Monguno 901 855 (95) 473 (52) 512 (57)

then provide an appropriate structure for facilitating their
work. Surgical training should follow guidelines estab-
lished by WHO.* Regular supportive supervision is
needed to maximise service productivity and quality.>
Delivering these activities represents a somewhat her-
culean task considering the profound security challenge
(the ongoing insurgency) facing the state and its neigh-
bours. However, we learned a lot from conducting these
surveys in areas with security difficulties, and it may be
helpful to translate that experience to the planning of
interventions. Some examples of practices which could
be adopted include staying in contact with local autho-
rities; plying safe routes to reach affected communities;
training people living within or close to affected com-
munities to undertake surgeries and fieldwork; offering
to engage in dialogue on trachoma elimination with
leaders of combatant groups, maintaining political neu-
trality in any discussion; and, if necessary, avoiding the
use of GPS or electronic data capture.”*>” Use of local



hire cars instead of marked project vehicles and trans-
porting patients to safer areas for service delivery may
also help to minimise exposure of health workers to
excess risk.

In all surveyed LGAs, with the exception of the state
capital, Maiduguri, less than 80% of surveyed house-
holds had access to improved latrines. There were no
LGAs in which >80% of households had a water source
within 30 minutes round trip of the house, and there
were only three LGAs in which >80% of households had
an improved washing water source. This highlights the
need for provision of these amenities across all surveyed
LGAs. This needs to be done to help prevent possible
recrudescence of active trachoma. Though prospective
data are scarce, cross-sectional data suggest that popula-
tions with high-coverage access to sanitation are less
likely to have active trachoma.’®>” Governments, sanita-
tion agencies, and other partners should prioritise
WASH provision across the state as soon as security
conditions allow. This should complement ongoing
efforts to achieving SDG 6: “Ensuring availability and
sustainable management of water and sanitation for
all”.*

Given the generally poor access to clean water
sources and improved sanitation facilities across
these LGAs, it is somewhat surprising that 10 of the
13 LGAs <5%.
A possible explanation may be a reduction in

had TF prevalence estimates

C. trachomatis transmission intensity due to curtail-
ing of social interactions, occasioned by the insur-
gency, which at the time of these surveys had been
ongoing for 10 years.

Our survey methodology followed WHO recom-
mendations for survey design parameters*' despite
the security challenges we faced in the field.
However, there are some unavoidable weaknesses.
Though the 2019 survey employed 30 clusters in
line with the recent WHO recommendations for
precision on TT prevalence,'’**>*? the 2017 surveys
were powered to detect TF prevalence and not TT
prevalence. Reliance on self-reporting of access to
water and use of sanitation may introduce biases,
although direct observation was employed where
possible to confirm responses. Protocol modifica-
tions adopted during this challenging survey series
should be mentioned here: In the second phase of
the survey (2019) involving eight LGAs, the number
of selected clusters was increased from 25 to 30 and
the number of households also increased from 25 to
30 to increase the sample size, as the number of
children examined in the 2017 LGAs was low. In
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addition, our field itinerary was repeatedly revised
to adapt to the rapidly changing security situation;
this may have affected recruitment success if
changes in our rendezvous dates in particular vil-
lages decreased enthusiasm for participation. Finally,
our definition of TT does not allow for analysis of
the results in line with the new definition of TT as
agreed at the 4th Global Scientific Meeting on
Trachoma***> - this meeting recommended that
TT be defined as at least one eyelash from the
upper eyelid or evidence of recent epilation of
inturned eyelashes from the upper eyelid, thereby
excluding trichiasis affecting only the lower eyelid.
The inclusion of lower lid trichiasis in our surveys
may have inflated our TT prevalence estimates.

Conclusion

Through careful planning combined with flexibility, it
was possible to conduct these surveys despite security
challenges. At least six of Borno State’s LGAs require
a TT surgery programme and at least three require imple-
mentation of the A, F and E components of the SAFE
strategy  for trachoma elimination purposes.
Improvements in access to WASH facilities are required
across the board to achieve the SDG water and sanitation
targets.
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