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Abstract A simplified grading system for trachoma was published by the World Health Organization (WHO) in 1987. Intended for use by
non-specialist personnel working at community level, the system includes five signs, each of which can be present or absent in any eye:
(i) trachomatous trichiasis; (ii) corneal opacity; (iii) trachomatous inflammation—follicular; (iv) trachomatous inflammation—intense; and
(v) trachomatous scarring. Though neither perfectly sensitive nor perfectly specific for trachoma, these signs have been essential tools for
identifying populations that need interventions to eliminate trachoma as a public health problem. In 2018, at WHO's 4th global scientific
meeting on trachoma, the definition of one of the signs, trachomatous trichiasis, was amended to exclude trichiasis that affects only the
lower eyelid. This paper presents the amended system, updates its presentation, offers notes on its use and identifies areas of ongoing debate.

Abstracts in S5 H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

Trachoma is the most important infectious cause of blindness.!
Repeated conjunctival infection® with particular strains of
Chlamydia trachomatis® results, in some people, in conjunc-
tival scarring, trichiasis and corneal opacity. The disease is
strongly linked to poverty.® In March 2019, 142 million people
globally were at risk.”

At the population level, trachoma may be hyperendemic,
severe and blinding; or less severe and non-blinding.* Models
suggest that more than 150 episodes of C. trachomatis infec-
tion are required to develop trichiasis from trachoma;’ im-
mune responses to infection are critical in the pathogenetic
pathway.'”!! Populations therefore presumably transition from
having blinding to non-blinding disease through reductions
in intensity of ocular C. trachomatis transmission. These
reductions in transmission can occur through general socio-
economic improvement'>'* or specific implementation of the
antibiotics, facial cleanliness and environmental improvement
components of the SAFE strategy for trachoma elimination;"
the S of SAFE representing surgery for trichiasis,"” which does
not alter transmission. However, C. trachomatis transmission
intensity'®!” would be extremely difficult to measure directly.
In contrast, conjunctival inflammatory responses to infection!
can be observed by examination of the conjunctiva under
low-power magnification. Because of this, and because the
vision-impairing effects of trachoma are manifest through
macroscopic changes in the eyelid and cornea, assessment of
the public health impact of trachoma is carried out through
detection of physical signs of disease.'®

In 1987, the World Health Organization (WHO) pub-
lished the simplified trachoma grading system to provide a
standardized method for non-specialist personnel to under-
take such assessments." The system, which was field-tested in
three countries,'**" has five signs: (i) trachomatous trichiasis;

(ii) corneal opacity; (iii) trachomatous inflammation—fol-
licular; (iv) trachomatous inflammation—intense; and (v) tra-
chomatous scarring.'” Trachomatous inflammation—follicular
and trachomatous inflammation—intense are signs of active
(inflammatory) trachoma, usually associated with conjunctival
C. trachomatis infection.”” The signs of the simplified system
have been used to complete baseline mapping of trachoma in
suspected endemic districts worldwide,”** to assess the im-
pact of interventions in both research** and programme?**’
contexts, and to establish criteria for elimination of trachoma
as a public health problem.*

During recent programmatic scale-up and transition of
countries through the validation process,” technical questions
have arisen about the use of some of the simplified system’s
signs. In November 2018, WHO convened the 4th global sci-
entific meeting on trachoma in part to address those questions.
In particular, the meeting considered whether the prevalence
of trachomatous inflammation—follicular in 1-9-year-olds
remains the best way for programmes to determine whether
ocular C. trachomatis transmission intensity has been suffi-
ciently reduced to minimize the risk of future trachomatous
blindness. Also considered was whether the definition of
trachomatous trichiasis could be improved to better differ-
entiate trachomatous from non-trachomatous trichiasis. As
a consequence, the definition of trachomatous trichiasis was
amended to exclude trichiasis affecting only the lower eyelid,
on the basis that such cases are unlikely to be due to trachoma
and that labelling them as trachomatous trichiasis constitutes
potential misclassification.*

In the current paper we set out the simplified system
including that amendment, and revise the presentation of the
system to help users better understand and more consistently
apply the definitions. We discuss the continuing programmatic
dependence on the prevalence of trachomatous inflamma-
tion—follicular as a clinical proxy for current ocular C. tra-
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chomatis transmission intensity. Finally,
we outline other topics for continuing
research and reflection. Inevitably, this
paper draws heavily from the original
article.”

Method of examination

The examiner should always use clean
hands (by, for example, applying alco-
hol-based hand sanitizer), binocular
loupes (magnification x 2.5) and ad-
equate lighting (either sunlight or a
torch). Although sunlight provides the
best illumination for examining the
conjunctiva, it is better to examine for
trachomatous trichiasis indoors because
of the photophobia that patients with
trichiasis experience. An examination
station on the edge of a shaded area can
be ideal, but survey teams typically move
house-to-house. When examining the
conjunctiva outdoors, it is important
to orient the person being examined so
that light from the sun passes across the
examiner’s shoulder onto the person’s
face. When using a torch, care should be
taken not to contaminate it with fingers
that have been in contact with the per-
son’s skin or eye. An assistant can help
to hold and reassure children while they
are examined.”

To help ensure that abnormal
findings are correctly recorded, the
right eye should always be examined
first, then the left eye. To assess for
the presence or absence of each of the
signs of the system, the structures to be
examined in each eye are, in order: the
upper eyelid margin and its eyelashes,
then the cornea, then the upper tarsal
conjunctiva (the conjunctiva lining the
upper eyelid).

To examine for trachomatous tri-
chiasis, with the examinee’s eye open
and the eyelid in its resting state, the
examiner should adopt a position so that
his or her eyes are below the horizontal
plane through the person’s eye. Light
should be shone from below then from
the temporal side while the examiner
inspects the upper eyelid eyelashes to
see if any eyelashes touch the eyeball.
The examinee should be asked to move
their eyes to the extremes of gaze on
either side to see if the upper eyelid
eyelashes move with the eyeball. The
upper eyelid should then be gently lifted
upwards slightly to expose the eyelid
margin and lift any in-turned eyelashes
out of the tear film. The eyelid margin
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Fig. 1. Outline sketch of an everted upper eyelid

WHO 87286

Note: The drawing shows the area of the tarsal conjunctiva (shaded) to be examined for follicles.

should be inspected for empty eyelash
follicles or broken eyelash shafts, which
may indicate recent epilation.

The cornea should be inspected for
opacities.

The eyelid is everted and the con-
junctiva inspected for follicles, pro-
nounced inflammatory thickening, and
scarring. When examining for follicles,
only those found within the central part
of the upper tarsal conjunctiva (Fig. 1)
are considered significant.”

Appearance of the normal
eye

The appearance of the normal eye
when examined for trachoma is as
follows (Fig. 2): (i) no eyelashes touch
the eyeball and there is no evidence
of recent epilation; (ii) the cornea is
smooth, transparent and avascular;
and (iii) the upper tarsal conjunctiva
is smooth, thin and transparent. Be-
neath the whole area of the upper tarsal
conjunctiva, there are large deep-lying
blood vessels that mainly run vertically
from the upper and lower edges of the
tarsal plate.”

Amended simplified grading
system

The amended simplified grading system
includes five signs, each of which can be
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present or absent. A sign must be clearly
seen to be considered present. If the
examiner is in doubt, a sign should be
recorded as being absent. The list below
presents the definitions of the signs.
Amendments from the original grading
system'” are shown in italics (Fig. 3).

Trachomatous trichiasis

Atleast one eyelash from the upper eyelid
touches the eyeball, or evidence of recent
epilation of in-turned eyelashes from the
upper eyelid.

Corneal opacity

Easily visible corneal opacity that is
so dense that at least part of the pupil
margin is blurred when viewed through
the opacity. This definition is intended
to detect corneal opacities that cause
significant visual impairment. In in-
dividuals with corneal opacity, visual
acuity should be measured, if possible.

Trachomatous inflammation—
follicular

The presence of five or more follicles,
each at least 0.5 mm in diameter, in the
central part of the upper tarsal con-
junctiva. Follicles are round lumps or
spots that lie beneath more superficial
epithelium and are paler than the sur-
rounding tissue. Care should be taken
to distinguish follicles from small scars,
conjunctival concretions, cysts and giant
papillae (please see below).
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Fig. 2. Anormal eye

Eyelid margin and cornea

Credit: Sandip Das Sanyam

Trachomatous inflammation—
intense

Pronounced inflammatory thickening
of the upper tarsal conjunctiva that
obscures more than half of the normal
deep tarsal vessels. The key feature of
trachomatous inflammation—intense
is pronounced inflammatory thickening,
which is defined as being present when
more than half of the normal deep tarsal
vessels are not visible because they are
obscured by inflammatory infiltration.
The tarsal conjunctiva appears red,
rough and thickened, due to diffuse
infiltration, oedema and enlargement of
vascular tufts (papillary hypertrophy).
There are also usually numerous fol-
licles, which may be partially or totally
obscured by the thickened conjunctiva.
Inflammatory thickening and opacifica-
tion of the conjunctiva should not be
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confused with that caused by scarring,
which can manifest as diffuse fibrosis or
formation of a fibrovascular membrane.

Trachomatous scarring

The presence of easily visible scarring
in the upper tarsal conjunctiva. Scars
are white lines, bands, or sheets in the
upper tarsal conjunctiva. Characteristi-
cally, the scars are glistening and fibrous
in appearance, with straight, angular or
feathered edges. Scarring, especially dif-
fuse fibrosis, may obscure tarsal blood
vessels, but this must not be confused
with diffuse inflammatory thickening.

Less florid presentations

Some eyes do not have signs of trachoma
as defined above but are nevertheless
abnormal. For example, the upper tarsal
conjunctiva may have any of the follow-
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ing: from one to four central follicles
each at least 0.5 mm in diameter; five
or more central follicles but fewer than
five that are at least 0.5 mm in diameter;
inflammatory thickening that does not
obscure half of the deep tarsal vessels;
more than half of the deep tarsal ves-
sels obscured by something other than
pronounced inflammatory thickening.

Eyes should not be recorded as hav-
ing a sign whose definition they do not
meet. Graders should be confident that
this is not equivalent to saying that they
are normal eyes.

Other abnormalities

Other abnormalities that can be mis-
taken for follicles are illustrated in Fig. 4.
Scars have angular borders with sharp
corners, whereas follicles have rounded
edges that are not sharply defined. Con-
cretions are yellow or white masses with
clear-cut edges. Cysts are clear bubbles
in the conjunctiva. Giant papillae are
protuberances of the conjunctival epi-
thelium that are greater than1 mm in
diameter; they characteristically have
flattened tops and are responsible for
more pronounced elevation of the epi-
thelial surface than occurs with follicles.

Discussion

Clear definitions are a prerequisite for
collecting good data. Broad consen-
sus on the relevance of the data be-
ing collected increases the likelihood
that the outputs of the data collection
process will be accepted and applied.*
The amendment to the definition of
trachomatous trichiasis introduced in
this version of the WHO simplified
trachoma grading system has been
endorsed by WHO. This endorsement
follows the consensus, reached within
an expert panel,’ that trachomatous
trichiasis characteristically affects upper
eyelids, with additional involvement of
lower eyelids in a minority of people.
Involutional entropion, an age-related
condition, does not affect upper eyelids.
Excluding lower-eyelid-only disease will
avoid trichiasis caused by involutional
entropion being misinterpreted as tra-
chomatous trichiasis.

In addition to recording the amend-
ed definition of trachomatous trichiasis,
we have attempted in this paper to aid
users of the simplified system through
changes that streamline and clarify its
presentation. Our changes are in line
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Fig. 3. The five signs of the World Health Organization simplified trachoma grading system

Trachomatous trichiasis Trachomatous inflammation—follicular Corneal opacity

Trachomatous inflammation—intense Trachomatous scarring

?Trachomatous trichiasis manifest through evidence of recent epilation of in-turned eyelashes from the upper eyelid.

Fig. 4. Abnormalities of the conjunctiva that are sometimes mistaken for follicles

Scars Concretions

Cysts

Notes: Credit to Thomas M Lietman for the cysts photo and to Jock Anderson for the giant papillae photo.
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with other recent efforts to improve
quality control and quality assurance in
the assessment of trachoma for public
health purposes.*

First, we have separated the descrip-
tion of the normal eye from the presen-
tation of the signs of the system. In the
original paper, under the heading “The
grading system and its use,” the first sub-
heading was “Normal conjunctiva” fol-
lowed by subheadings for each of the five
signs.”” This layout may have encouraged
the (unfortunately frequent) misunder-
standings that normal conjunctiva and
the five signs of the system are points
along a continuum of disease, mutually
exclusive, or an all-encompassing clas-
sification system. Trachoma involves
repeated cycles of conjunctival C.
trachomatis infection, active trachoma
and resolution, driving an underlying
scarring process.>” An eye may have
any combination of signs present at the
same time; and an eye may demonstrate
evidence of active trachoma that is insuf-
ficiently florid to meet the definition of
either trachomatous inflammation—fol-
licular or trachomatous inflammation—
intense, trachomatous conjunctival scar
that is insufficiently severe to meet the
definition of trachomatous scarring,
or a trachomatous corneal scar that is
insufficiently dense or too close to the
limbus to meet the definition of corneal
opacity. There may also be signs of tra-
choma not mentioned in the system,*
or abnormalities unrelated to trachoma.

Second, we have tried to ensure that
all the critical elements of the definition
of each sign are included in the formal
definition statement. For example, for
trachomatous inflammation—follicular,
we have included in the statement the
requirements for follicles to be greater
than or equal to 0.5 mm in diameter and
located in the central part of the upper
tarsal conjunctiva. Previously the state-
ment read, “the presence of five or more
follicles in the upper tarsal conjunctiva,”
with notes on the area to be examined
and the minimum follicle size included
elsewhere in the text of the paper.”
These refinements should facilitate use
of the grading system.

Third, we have placed the defini-
tions for trachomatous trichiasis and
corneal opacity above those for tra-
chomatous inflammation—follicular,
trachomatous inflammation—intense
and trachomatous scarring. When
conducting a physical examination,
the general principle is to look before
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touching, and to undertake less inva-
sive before more invasive examination
steps. Examination for the five signs of
the trachoma grading system, therefore,
should commence with examination for
trachomatous trichiasis, then examina-
tion for corneal opacity, then lid ever-
sion and examination of the conjunctiva.
This sequence was recommended within
the text of the original paper, but the
order in which the signs were presented
appeared to contradict it.”” The revised
order will also hopefully help to coun-
teract the common but incorrect impres-
sion that the signs listed in the simplified
grading system develop in inevitable
sequential order after acquisition of
ocular C. trachomatis infection.

Fourth, unlike the original paper, the
new presentation of the grading system
does not support discretionary use of
“loupes of higher magnification or a slit
lamp.”** The rationale for removing this
option is straightforward. Slit lamps are
rarely available for field use in trachoma
surveys. Standardization of examination
methods is important to maximize their
reproducibility.”® Corneal opacity and
conjunctival scarring must be easily vis-
ible to be graded as corneal opacity and
trachomatous scarring, respectively. If
magnification and illumination differ be-
tween examiners or between time points,
what is easily visible in one instance may
not be easily visible in another.

It is worth emphasizing here that
the grading system was designed, and
is still principally intended, for non-
specialist health personnel working in
the community."” The grading system is
an essential tool for population-based
surveys, where large numbers of graders
need to be trained to generate accurate
data on trachomatous trichiasis and
trachomatous inflammation—follicular,
the signs most directly linked to pro-
grammatic action and which are used
in the criteria for the elimination of
trachoma as a public health problem.*
As noted above, many individuals have
clear evidence of trachoma but do not
have disease meeting the definition for
any of the five signs codified here. More
detailed systems, such as the modified
WHO FPC system (follicles, papillary
hypertrophy and diffuse infiltration,
conjunctival scarring),* may therefore
be more suitable for other applications,
particularly research studies.”” Use of
a more detailed grading system may
be important in studies using highly
sophisticated laboratory tests, such as
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polymerase chain reaction testing, in
which the results of the tests are com-
pared with the presence of signs at the
individual level.’**

Research into and discussion of
further refinement of the simplified
trachoma grading system would be
welcome. For trachomatous trichiasis,
we believe that two components of the
amended definition deserve ongoing
attention.

First, “evidence of recent removal of
in-turned eyelashes” qualifies an eye to be
diagnosed with trachomatous trichiasis.
This definition implies that all epilated
eyelashes were in-turned, although data
suggest that field graders may have dif-
ficulty determining whether or not an
epilated eyelash was in-turned before it
was pulled out.’® The meaning of “recent”
within this context has never been de-
fined, but has been interpreted by users
of the system as the appearance of broken
eyelashes or empty eyelash follicles.

Second, data are needed to deter-
mine whether restriction of diagnostic
focus to the upper eyelid is sufficient
to exclude, as intended, most cases of
non-trachomatous trichiasis. This point
is essential for trachoma programmes,
which for the purposes of validating
elimination of trachoma as a public
health problem must demonstrate the
trachomatous trichiasis prevalence
unknown to the health system in indi-
viduals aged 15 years and older is less
than 0.2%. Trichiasis can be caused by
processes other than trachoma, and
the background prevalence of non-
trachomatous trichiasis is usually not
known for any particular area. There
is ongoing research into whether the
presence of trachomatous scarring (or
conjunctival scar more generally) should
be a requirement for trichiasis to be con-
sidered due to trachoma, as discussed
at the Second Global Scientific Meeting
on Trachomatous Trichiasis.” Such
an approach would be consistent with
earlier, more detailed WHO trachoma
grading systems.*”*! These systems
included trichiasis wholly within the
diagnostic domains for conjunctival
scarring, implying that, in trachoma,
trichiasis was exclusively an end-stage
feature of a scarred eyelid. Similarly, the
original presentation of the simplified
system noted that, “for the potentially
disabling, irreversible lesions, tracho-
matous scarring may represent all levels
of conjunctival scarring, whereas the
coding of trachomatous trichiasis cor-
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responds to more severe cases.”’” Some
authorities, however, are concerned
about the repeatability, sensitivity or
specificity of the diagnosis of trachoma-
tous scarring.’® An alternative algorithm
might involve reference, at individual
or evaluation unit level, to the presence
of corneal pannus at the upper pole of
the limbus or to Herbert’s pits,** each of
which is considered highly specific for
trachoma. Unfortunately, these signs are
also likely to be imperfectly sensitive.
For trachomatous inflammation—
follicular, the size of the follicles matters,
although there are no experimental data
to show that follicles of different sizes
produce differential risk of scarring.
The requirement that follicles should
be at least 0.5 mm in diameter was
introduced more than three decades
ago. The aim of the change then was
to improve inter-observer agreement,
which had been suboptimal when us-

ing a draft definition of trachomatous
inflammation—follicular in initial tests
of the system."” Unfortunately, the line
drawing of trachomatous inflamma-
tion—follicular that was included in the
original simplified system paper” dis-
played follicles which (when calibrated
with reference to photographs of the
everted conjunctivae of children from
Ethiopia and Niger) have a diameter 20%
smaller than 0.5 mm.* We have omitted
the diagram from this paper. Follicle size
guides* have recently been introduced
to help graders to consistently diagnose
the presence or absence of trachomatous
inflammation—follicular according to
the agreed definition.

A separate concern for tracho-
matous inflammation—follicular in
some settings is the extent to which its
prevalence may give a false impression
of ocular C. trachomatis infection or
the intensity of ocular C. trachomatis
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transmission.*>* More investigation on
this is needed.”

The global prevalence of trachoma
is progressively declining,” due to a
combination of intensive programmatic
intervention, improvements in living
standards and better data. The amend-
ments to the simplified grading system
described here should help ensure that it
continues to be useful for estimating the
burden of trachoma in population-based
surveys, and for evaluating the impact
of control efforts over time."” l
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Résumé

Modification du systeme de codage simplifié du trachome

En 1987, I'Organisation mondiale de la Santé a publié un systéeme
de codage simplifié du trachome. Destiné au personnel non qualifié
travaillant au sein des communautés, il comporte cing signes, chacun
pouvant étre présent ou absent dans I'un ou l'autre oeil (i) le trichiasis
— fo|||cu|a|re, (iv) l'inflammation trachomateuse — intense; et enfin,
(v) la cicatrice trachomateuse. Bien qu'ils ne soient ni parfaitement
précis, ni totalement spécifiques au trachome, ces signes constituent

des outils essentiels pour identifier les populations qui nécessitent une
intervention afin d'éliminer le trachome en tant que probléme de santé
publique. En 2018, lors de la quatriéme réunion scientifique mondiale sur
le trachome, la définition de I'un des signes, le trichiasis trachomateux, a
été modifiée pour exclure du systeme de codage le trichiasis qui n'affecte
que la paupiere inférieure. Ce document expose le nouveau systéme,
actualise sa présentation, formule des remarques sur son utilisation et
identifie les domaines qui font encore I'objet de débats.
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Pesiome

M3meHeHUA B yNnpoLLEeHHON cucTeme OLeHKU TPaxoMbl
B 1987 rogy BcemmpHas opraHmsauma 3npaBooxpaHenua (BO3)
onybnukosana ynpouweHHY CUCTEeMY OUEHKM TPaxombl.
MpenHasHaueHHan AN UCMob30BaHWA HeCnewLmnan3vpoBaHHbIM
nepcoHanom, paboTalowyM Ha MeCTHOM YPOBHE, CUCTeMa BKItoUaeT
NATb MPU3HAKOB, KaXKAbIA 13 KOTOPbLIX MOXKET MPUCYTCTBOBATb
WK OTCYTCTBOBATb B J110OOM rnasy: (i) TPaxoMaTo3HbIN TpUXMas3;
(i) nomyTHeHWe porosuubl; (i) TpaxomaTosHoe BoCnaneHune
donnukynapHoe; (iv) TpaxomaTto3Hoe BOCManeHue HTEHCUBHOE;
(V) TpaxomaTo3Hoe pyoLieBaHme. XOTA 3T NPU3HAKM He ABNAIOTCA HIA
abCOMIOTHO UYBCTBUTENBHBIMU, HY @BCOMIOTHO CrieUndUyHbIMA AN

TPaXOMbI, OH ObINIM BaXKHBIMV MHCTPYMEHTaMV ANA BbIABMEHNS Py
HaceneHws, KOTOPbIM HEOOXOAVMbI BMELLATENbCTBA 1A YCTPAHEH NS
TPaxoMmbl Kak npobnembl 00LeCTBEHHOIO 3[1PaBOOXPAHEHNSA.
B 2018 roay Ha 4-i BcemupHOW HayuHoW kKoHdepeHUnn BO3
no BOMPOCaM TPaxoMmbl OnpefAeneHre OAHOro 13 NPU3HAKOB,
TPaxoMaTO3HOro TpKXMasa, bbino M3MeEHEHO, YToObl NCKIIOUYNTD
TPUXMa3, NOPaXKaloLWMIA TONBKO HIKHee BekO. B JaHHOM OKyMeHTe
Npu1BEAEHa V3MeHeHHaA c1McTeMa, OOHOBNEHO ee MPeACTaBneHue,
JaHbl NPYMeYaHnA Mo ee MUCMoNb30BaHWIO 1 onpeaeneHsl chepbl
TEKYLMX AUCKYCCUIA.

Resumen

Modificacion del sistema de clasificacion simplificada del tracoma

En 1987, la Organizacién Mundial de la Salud (OMS) publicé un sistema
de clasificacion simplificado para el tracoma. Este sistema fue disefiado
para que lo utilice el personal no especializado que trabaja a nivel
comunitario e incluye cinco signos, cada uno de los cuales puede estar
presente 0 ausente en los 0jos: ) la triquiasis tracomatosa; ii) la opacidad
corneal; iii) la inflamacién tracomatosa-folicular; iv) la inflamacion
tracomatosa-intensa; y v) la cicatrizacién tracomatosa. Si bien no son
perfectamente sensibles ni muy especificos del tracoma, estos signos

han sido herramientas esenciales para identificar a las poblaciones que
requieren intervenciones para eliminar el tracoma como problema de
salud publica. En 2018, se modificé la definicién de uno de los signos,
la triquiasis tracomatosa, en la 4.2 Reunién Cientifica Mundial sobre el
Tracoma de la OMS, para descartar la triquiasis que solo afecta al parpado
inferior. En el presente documento se describe el sisterma modificado, se
actualiza su presentacion, se ofrecen observaciones sobre su aplicacion
y se identifican los dmbitos de debate en curso.

References

1. Bourne RR, Stevens GA, White RA, Smith JL, Flaxman SR, Price H, et al.;
Vision Loss Expert Group. Causes of vision loss worldwide, 1990-2010: a
systematic analysis. Lancet Glob Health. 2013 Dec;1(6):e339-49. doi: http://
dx.doi.org/10.1016/52214-109X(13)70113-X PMID: 25104599

2. Grayston JT, Wang SP, Yeh LJ, Kuo CC. Importance of reinfection in the
pathogenesis of trachoma. Rev Infect Dis. 1985 Nov-Dec;7(6):717-25. doi:
http://dx.doi.org/10.1093/clinids/7.6.717 PMID: 4070905

3. Dawson CR, Schachter J. Sexually transmitted chlamydial eye infections are
not trachoma. JAMA. 1978 Apr 28;239(17):1790-1. doi: http://dx.doi.org/10
.1001/jama.1978.03280440074024 PMID: 633592

4. Harris SR, Clarke IN, Seth-Smith HM, Solomon AW, Cutcliffe LT, Marsh P, et al.
Whole-genome analysis of diverse Chlamydia trachomatis strains identifies
phylogenetic relationships masked by current clinical typing. Nat Genet.
2012 03 11;44(4):413-19, S1. doi: http://dx.doi.org/10.1038/ng.2214 PMID:
22406642

5. Hadfield J, Harris SR, Seth-Smith HMB, Parmar S, Andersson P, Giffard PM,
et al. Comprehensive global genome dynamics of Chlamydia trachomatis
show ancient diversification followed by contemporary mixing and recent
lineage expansion. Genome Res. 2017 07;27(7):1220-9. doi: http://dx.doi
.0rg/10.1101/gr.212647.116 PMID: 28588068

6. Habtamu E, Wondie T, Aweke S, Tadesse Z, Zerihun M, Zewdie Z, et al.
Trachoma and relative poverty: a case—control study. PLoS Negl Trop Dis.
201511 23;9(11):e0004228. doi: http://dx.doi.org/10.1371/journal. pntd
0004228 PMID: 26600211

7. World Health Organization. WHO Alliance for the Global Elimination of
Trachoma by 2020: progress report on elimination of trachoma, 2018. Wkly
Epidemiol Rec. 2019;29(94):317-28.

8. Jones BR.The prevention of blindness from trachoma. Trans Ophthalmol
Soc UK. 1975 Apr;95(1):16-33. PMID: 775692

9. Gambhir M, Basafiez MG, Burton MJ, Solomon AW, Bailey RL, Holland
MJ, et al. The development of an age-structured model for trachoma
transmission dynamics, pathogenesis and control. PLoS Negl Trop Dis. 2009
06 16;3(6):462. doi: http://dx.doi.org/10.1371/journal. pntd.0000462 PMID:
19529762

10. Taylor HR, Johnson SL, Prendergast RA, Schachter J, Dawson CR, Silverstein
AM. An animal model of trachoma Il. The importance of repeated
reinfection. Invest Ophthalmol Vis Sci. 1982 Oct;23(4):507-15. PMID:
6749750

704

11. Taylor HR, Johnson SL, Schachter J, Caldwell HD, Prendergast RA.
Pathogenesis of trachoma: the stimulus for inflammation. J Immunol. 1987
May 1;138(9):3023—7. PMID: 3571982

12. Dolin PJ, Faal H, Johnson GJ, Minassian D, Sowa S, Day S, et al. Reduction
of trachoma in a sub-Saharan village in absence of a disease control
programme. Lancet. 1997 May 24;349(9064):1511-12. doi: http://dx.doi
.0rg/10.1016/50140-6736(97)01355-X PMID: 9167460

13.  Hoechsmann A, Metcalfe N, Kanjaloti S, Godia H, Mtambo O, Chipeta T, et
al. Reduction of trachoma in the absence of antibiotic treatment: evidence
from a population-based survey in Malawi. Ophthalmic Epidemiol. 2001
Jul;8(2-3):145-53. doi: http://dx.doi.org/10.1076/0pep.8.2.145.4169 PMID:
11471084

14. Hammou J, El Ajaroumi H, Hasbi H, Nakhlaoui A, Hmadna A, El Maaroufi
A.In Morocco, the elimination of trachoma as a public health problem
becomes a reality. Lancet Glob Health. 2017 03;5(3):e250-1. doi: http://dx
.doi.org/10.1016/52214-109X(17)30023-2 PMID: 28089329

15. FrancisV, Turner V. Achieving community support for trachoma control
(WHO/PBL/93.36). Geneva: World Health Organization; 1993.

16. Blake IM, Burton MJ, Bailey RL, Solomon AW, West S, Mufioz B, et al.
Estimating household and community transmission of ocular Chlamydia
trachomatis. PLoS Negl Trop Dis. 2009;3(3):e401. doi: http://dx.doi.org/10
.1371/journal.pntd.0000401 PMID: 19333364

17. Migchelsen SJ, Sepulveda N, Martin DL, Cooley G, Gwyn S, Pickering H, et al.
Serology reflects a decline in the prevalence of trachoma in two regions of
The Gambia. Sci Rep. 2017 11 8;7(1):15040. doi: http://dx.doi.org/10.1038/
541598-017-15056-7 PMID: 29118442

18.  Solomon AW, Peeling RW, Foster A, Mabey DC. Diagnosis and assessment
of trachoma. Clin Microbiol Rev. 2004 Oct;17(4):982—1011. doi: http://dx.doi
.0rg/10.1128/CMR.17.4.982-1011.2004 PMID: 15489358

19. Thylefors B, Dawson CR, Jones BR, West SK, Taylor HR. A simple system for
the assessment of trachoma and its complications. Bull World Health Organ.
1987,65(4):477-83. PMID: 3500800

20. Taylor HR, West SK, Katala S, Foster A. Trachoma: evaluation of a new
grading scheme in the United Republic of Tanzania. Bull World Health
Organ. 1987,65(4):485-8. PMID: 3500801

21. Solomon AW, Holland MJ, Burton MJ, West SK, Alexander ND, Aguirre A, et
al. Strategies for control of trachoma: observational study with quantitative
PCR. Lancet. 2003 Jul 19;362(9379):198-204. doi: http://dx.doi.org/10.1016/
S0140-6736(03)13909-8 PMID: 12885481

Bull World Health Organ 2020,98:698-705 | doi: http://dx.doi.org/10.2471/BLT.19.248708


http://dx.doi.org/10.1016/S2214-109X(13)70113-X
http://dx.doi.org/10.1016/S2214-109X(13)70113-X
http://www.ncbi.nlm.nih.gov/pubmed/25104599
http://dx.doi.org/10.1093/clinids/7.6.717
http://www.ncbi.nlm.nih.gov/pubmed/4070905
http://dx.doi.org/10.1001/jama.1978.03280440074024
http://dx.doi.org/10.1001/jama.1978.03280440074024
http://www.ncbi.nlm.nih.gov/pubmed/633592
http://dx.doi.org/10.1038/ng.2214
http://www.ncbi.nlm.nih.gov/pubmed/22406642
http://dx.doi.org/10.1101/gr.212647.116
http://dx.doi.org/10.1101/gr.212647.116
http://www.ncbi.nlm.nih.gov/pubmed/28588068
http://dx.doi.org/10.1371/journal.pntd.0004228
http://dx.doi.org/10.1371/journal.pntd.0004228
http://www.ncbi.nlm.nih.gov/pubmed/26600211
http://www.ncbi.nlm.nih.gov/pubmed/775692
http://dx.doi.org/10.1371/journal.pntd.0000462
http://www.ncbi.nlm.nih.gov/pubmed/19529762
http://www.ncbi.nlm.nih.gov/pubmed/6749750
http://www.ncbi.nlm.nih.gov/pubmed/3571982
http://dx.doi.org/10.1016/S0140-6736(97)01355-X
http://dx.doi.org/10.1016/S0140-6736(97)01355-X
http://www.ncbi.nlm.nih.gov/pubmed/9167460
http://dx.doi.org/10.1076/opep.8.2.145.4169
http://www.ncbi.nlm.nih.gov/pubmed/11471084
http://dx.doi.org/10.1016/S2214-109X(17)30023-2
http://dx.doi.org/10.1016/S2214-109X(17)30023-2
http://www.ncbi.nlm.nih.gov/pubmed/28089329
http://dx.doi.org/10.1371/journal.pntd.0000401
http://dx.doi.org/10.1371/journal.pntd.0000401
http://www.ncbi.nlm.nih.gov/pubmed/19333364
http://dx.doi.org/10.1038/s41598-017-15056-7
http://dx.doi.org/10.1038/s41598-017-15056-7
http://www.ncbi.nlm.nih.gov/pubmed/29118442
http://dx.doi.org/10.1128/CMR.17.4.982-1011.2004
http://dx.doi.org/10.1128/CMR.17.4.982-1011.2004
http://www.ncbi.nlm.nih.gov/pubmed/15489358
http://www.ncbi.nlm.nih.gov/pubmed/3500800
http://www.ncbi.nlm.nih.gov/pubmed/3500801
http://dx.doi.org/10.1016/S0140-6736(03)13909-8
http://dx.doi.org/10.1016/S0140-6736(03)13909-8
http://www.ncbi.nlm.nih.gov/pubmed/12885481

Anthony W Solomon et al.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

Smith JL, Haddad D, Polack S, Harding-Esch EM, Hooper PJ, Mabey DC, et
al. Mapping the global distribution of trachoma: why an updated atlas is
needed. PLoS Negl Trop Dis. 2011 Jun;5(6):€973. doi: http://dx.doi.org/10
.1371/journal.pntd.0000973 PMID: 21738814

Solomon AW, Pavluck AL, Courtright P, Aboe A, Adamu L, Alemayehu W, et
al. The Global Trachoma Mapping Project: methodology of a 34-country
population-based study. Ophthalmic Epidemiol. 2015;22(3):214-25. doi:
http://dx.doi.org/10.3109/09286586.2015.1037401 PMID: 26158580
Emerson PM, Lindsay SW, Alexander N, Bah M, Dibba SM, Faal HB, et al. Role
of flies and provision of latrines in trachoma control: cluster-randomised
controlled trial. Lancet. 2004 Apr 3;363(9415):1093-8. doi: http://dx.doi.org/
10.1016/50140-6736(04)15891-1 PMID: 15064026

Harding-Esch EM, Sillah A, Edwards T, Burr SE, Hart JD, Joof H, et al,;
Partnership for Rapid Elimination of Trachoma (PRET) study group. Mass
treatment with azithromycin for trachoma: when is one round enough?
Results from the PRET Trial in the Gambia. PLoS Negl Trop Dis. 2013 06
13,7(6):22115. doi: http://dx.doi.org/10.1371/journal.pntd.0002115 PMID:
23785525

Ngondi J, Onsarigo A, Matthews F, Reacher M, Brayne C, Baba S, et al. Effect
of 3 years of SAFE (surgery, antibiotics, facial cleanliness, and environmental
change) strategy for trachoma control in southern Sudan: a cross-sectional
study. Lancet. 2006 Aug 12,368(9535):589-95. doi: http://dx.doi.org/10
.1016/50140-6736(06)69202-7 PMID: 16905023

Mpyet C, Muhammad N, Adamu MD, Ladan M, Willis R, Umar MM, et al,;
Global Trachoma Mapping Project. Impact survey results after SAFE strategy
implementation in 15 local government areas of Kebbi, Sokoto and Zamfara
States, Nigeria. Ophthalmic Epidemiol. 2018 12;25(sup1) Suppl 1:103-14.
doi: http://dx.doi.org/10.1080/09286586.2018.1481984 PMID: 30806537
Validation of elimination of trachoma as a public health problem (WHO/
HTM/NTD/2016.8). Geneva: World Health Organization; 2016.

Solomon AW, Emerson PM, Resnikoff S. Trachoma then and now: update
on mapping and control. Community Eye Health. 2017;30(100):90-1. PMID:
29483755

Report of the 4th Global Scientific Meeting on Trachoma, Geneva, 27-29
November 2018 (WHO/CDS/NTD/PCT/2019.03). Geneva: World Health
Organization; 2019.

. Solomon AW, Zondervan M, Kuper H, Buchan JC, Mabey DCW, Foster A.

Trachoma control: a guide for programme managers. Geneva: World Health
Organization; 2006.

Courtright P, Rotondo LA, MacArthur C, Jones |, Weaver A, Negash BK,

et al. Strengthening the links between mapping, planning and global
engagement for disease elimination: lessons learnt from trachoma. Br

J Ophthalmol. 2018 10;102(10):1324-7. doi: http://dx.doi.org/10.1136/
bjophthalmol-2018-312476 PMID: 29907634

Solomon AW, Willis R, Pavluck AL, Alemayehu W, Bakhtiari A, Bovill S, et al,;
For The Global Trachoma Mapping Project. Quality assurance and quality
control in the global trachoma mapping project. Am J Trop Med Hyg.

2018 10,99(4):858-63. doi: http://dx.doi.org/10.4269/ajtmh.18-0082 PMID:
30039782

Dawson CR, Jones BR, Tarizzo ML. Guide to trachoma control in programmes
for the prevention of blindness. Geneva: World Health Organization; 1981.
Last A, Burr S, Alexander N, Harding-Esch E, Roberts CH, Nabicassa M, et

al. Spatial clustering of high load ocular Chlamydia trachomatis infection

in trachoma: a cross-sectional population-based study. Pathog Dis. 2017

07 31;75(5):ftx050. doi: http://dx.doi.org/10.1093/femspd/ftx050 PMID:
28472466

Wright HR, Taylor HR. Clinical examination and laboratory tests for
estimation of trachoma prevalence in a remote setting: what are they really
telling us? Lancet Infect Dis. 2005 May;5(5):313-20. doi: http://dx.doi.org/10
.1016/51473-3099(05)70116-X PMID: 15854887

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Bull World Health Organ 2020;98:698-705| doi: http://dx.doi.org/10.2471/BLT.19.248708

Policy & practice I
WHO simplified trachoma grading system

Solomon AW, Foster A, Mabey DC. Clinical examination versus Chlamydia
trachomatis assays to guide antibiotic use in trachoma control programmes.
Lancet Infect Dis. 2006 Jan;6(1):5-6, author reply 7-8. doi: http://dx.doi.org/
10.1016/51473-3099(05)70304-2 PMID: 16377526

Macleod C, Yalen C, Butcher R, Mudaliar U, Natutusau K, Rainima-Qaniuci M,
et al. Eyelash epilation in the absence of trichiasis: results of a population-
based prevalence survey in the Western division of Fiji. PLoS Negl Trop Dis.
201701 23;11(1):e0005277. doi: http://dx.doi.org/10.1371/journal.pntd
0005277 PMID: 28114364

World Health Organization Alliance for the Global Elimination of Trachoma
by 2020: Second Global Scientific Meeting on Trachomatous Trichiasis,
Cape Town, 4-6 November 2015. Geneva: World Health Organization; 2016.
Available from: https://www.who.int/neglected_diseases/resources/who
_htm_ntd_2016.5/en/ [cited 2020 Jul 14].

World Health Organization. Expert committee on trachoma: third report.
World Health Organ Tech Rep Ser. 1962,234:1-48. Available from: https://
www.who.int/trachoma/resources/who_trs_234/en/ [cited 2020 Aug 27].
Tarizzo ML. Field methods for the control of trachoma. Geneva: World
Health Organization; 1973.

Dawson CR, Juster R, Marx R, Daghfous MT, Ben Djerad A. Limbal disease

in trachoma and other ocular chlamydial infections: risk factors for corneal
vascularisation. Eye (Lond). 1989;3(Pt 2):204-9. doi: http://dx.doi.org/10
.1038/eye.1989.29 PMID: 2620749

Morberg DP, Amza A, Gebresillasie S, Tadesse Z, Yu SN, Stoller NE, et al.
Follicle size in trachoma: assessment of a well-known trachoma grading
diagram. Br J Ophthalmol. 2014 May;98(5):706-8. doi: http://dx.doi.org/10
.1136/bjophthalmol-2013-304810 PMID: 24505036

Solomon AW, Le Mesurier RT, Williams WJ. A diagnostic instrument to

help field graders evaluate active trachoma. Ophthalmic Epidemiol. 2018
Oct-Dec;25(5-6):399-402. doi: http://dx.doi.org/10.1080/09286586.2018
1500616 PMID: 30067432

Butcher RM, Sokana O, Jack K, Macleod CK, Marks ME, Kalae E, et al. Low
prevalence of conjunctival infection with Chlamydia trachomatis in a
treatment-naive trachoma-endemic region of the Solomon Islands. PLoS
Negl Trop Dis. 2016 09 7;10(9):e0004863. doi: http://dx.doi.org/10.1371/
journal.pntd.0004863 PMID: 27603015

Cocks N, Rainima-Qaniuci M, Yalen C, Macleod C, Nakolinivalu A, Migchelsen
S, et al. Community seroprevalence survey for yaws and trachoma in the
Western division of Fiji. Trans R Soc Trop Med Hyg. 2016 12;110(10):582-7.
doi: http://dx.doi.org/10.1093/trstmh/trw069 PMID: 27852877

Macleod CK, Butcher R, Mudaliar U, Natutusau K, Paviuck AL, Willis R, et

al. Low prevalence of ocular chlamydia trachomatis infection and active
trachoma in the Western division of Fiji. PLoS Negl Trop Dis. 2016 07
12,10(7):e0004798. doi: http://dx.doi.org/10.1371/journal.pntd.0004798
PMID: 27404379

Butcher R, Sokana O, Jack K, Sui L, Russell C, Last A, et al. Clinical signs of
trachoma are prevalent among Solomon Islanders who have no persistent
markers of prior infection with Chlamydia trachomatis. Wellcome Open Res.
2018 02 22;3:14. doi: http://dx.doi.org/10.12688/wellcomeopenres.13423.2
PMID: 29588922

Sokana O, Macleod C, Jack K, Butcher R, Marks M, Willis R, et al. Mapping
trachoma in the Solomon islands: results of three baseline population-
based prevalence surveys conducted with the global trachoma mapping
project. Ophthalmic Epidemiol. 2016;23 sup1:15-21. doi: http://dx.doi.org/
10.1080/09286586.2016.1238946 PMID: 27937043

Taleo F, Macleod CK, Marks M, Sokana O, Last A, Willis R, et al.; Global
Trachoma Mapping Project. Integrated mapping of yaws and trachoma in
the five northern-most provinces of Vanuatu. PLoS Negl Trop Dis. 2017 01
24;11(1):€0005267. doi: http://dx.doi.org/10.1371/journal.pntd.0005267
PMID: 28118354

705


http://dx.doi.org/10.1371/journal.pntd.0000973
http://dx.doi.org/10.1371/journal.pntd.0000973
http://www.ncbi.nlm.nih.gov/pubmed/21738814
http://dx.doi.org/10.3109/09286586.2015.1037401
http://www.ncbi.nlm.nih.gov/pubmed/26158580
http://dx.doi.org/10.1016/S0140-6736(04)15891-1
http://dx.doi.org/10.1016/S0140-6736(04)15891-1
http://www.ncbi.nlm.nih.gov/pubmed/15064026
http://dx.doi.org/10.1371/journal.pntd.0002115
http://www.ncbi.nlm.nih.gov/pubmed/23785525
http://dx.doi.org/10.1016/S0140-6736(06)69202-7
http://dx.doi.org/10.1016/S0140-6736(06)69202-7
http://www.ncbi.nlm.nih.gov/pubmed/16905023
http://dx.doi.org/10.1080/09286586.2018.1481984
http://www.ncbi.nlm.nih.gov/pubmed/30806537
http://www.ncbi.nlm.nih.gov/pubmed/29483755
http://dx.doi.org/10.1136/bjophthalmol-2018-312476
http://dx.doi.org/10.1136/bjophthalmol-2018-312476
http://www.ncbi.nlm.nih.gov/pubmed/29907634
http://dx.doi.org/10.4269/ajtmh.18-0082
http://www.ncbi.nlm.nih.gov/pubmed/30039782
http://dx.doi.org/10.1093/femspd/ftx050
http://www.ncbi.nlm.nih.gov/pubmed/28472466
http://dx.doi.org/10.1016/S1473-3099(05)70116-X
http://dx.doi.org/10.1016/S1473-3099(05)70116-X
http://www.ncbi.nlm.nih.gov/pubmed/15854887
http://dx.doi.org/10.1016/S1473-3099(05)70304-2
http://dx.doi.org/10.1016/S1473-3099(05)70304-2
http://www.ncbi.nlm.nih.gov/pubmed/16377526
http://dx.doi.org/10.1371/journal.pntd.0005277
http://dx.doi.org/10.1371/journal.pntd.0005277
http://www.ncbi.nlm.nih.gov/pubmed/28114364
https://www.who.int/neglected_diseases/resources/who_htm_ntd_2016.5/en/
https://www.who.int/neglected_diseases/resources/who_htm_ntd_2016.5/en/
https://www.who.int/trachoma/resources/who_trs_234/en/
https://www.who.int/trachoma/resources/who_trs_234/en/
http://dx.doi.org/10.1038/eye.1989.29
http://dx.doi.org/10.1038/eye.1989.29
http://www.ncbi.nlm.nih.gov/pubmed/2620749
http://dx.doi.org/10.1136/bjophthalmol-2013-304810
http://dx.doi.org/10.1136/bjophthalmol-2013-304810
http://www.ncbi.nlm.nih.gov/pubmed/24505036
http://dx.doi.org/10.1080/09286586.2018.1500616
http://dx.doi.org/10.1080/09286586.2018.1500616
http://www.ncbi.nlm.nih.gov/pubmed/30067432
http://dx.doi.org/10.1371/journal.pntd.0004863
http://dx.doi.org/10.1371/journal.pntd.0004863
http://www.ncbi.nlm.nih.gov/pubmed/27603015
http://dx.doi.org/10.1093/trstmh/trw069
http://www.ncbi.nlm.nih.gov/pubmed/27852877
http://dx.doi.org/10.1371/journal.pntd.0004798
http://www.ncbi.nlm.nih.gov/pubmed/27404379
http://dx.doi.org/10.12688/wellcomeopenres.13423.2
http://www.ncbi.nlm.nih.gov/pubmed/29588922
http://dx.doi.org/10.1080/09286586.2016.1238946
http://dx.doi.org/10.1080/09286586.2016.1238946
http://www.ncbi.nlm.nih.gov/pubmed/27937043
http://dx.doi.org/10.1371/journal.pntd.0005267
http://www.ncbi.nlm.nih.gov/pubmed/28118354

	Figure 1
	Figure 2
	Figure 3
	Figure 4

