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Bacteriological Studies on Trachomatous
and Normal Persons from Three Areas on Taiwan*

R. L. WOOLRIDGE, D.Sc. & J. D. GILLMORE, B.S.

A series ofeye cultures was obtained in 1961 in three areas on Taiwan from both normal
and trachomatous children. About one-halfofthe cultures werefrom clinical cases classified
as being in one of the various trachomatous stages. The other half were from cases of
normal or simple conjunctivitis. Total isolation rates were 36.6 % for the trachoma group
and 35.2 %for the controlgroup. Ifchronicfollicular conjunctivitis and simple conjunctivitis
cases were disregarded, that did not affect the ratio of isolations between the two groups.
As the temperature andhumidity increasedfrom February through May 1961, thepercentage
of positive isolations increased. It is shown that bacterial conjunctivitis had less than a
1% effect on the clinical manifestation of trachoma on Taiwan and that it was equal
between the trachoma and control groups.

A number of bacteriological studies have been
made which describe the bacterial flora present in the
trachomatous eye. It has been reported that seasonal
conditions have an influence on the manifestations of
trachoma (MacCallan, 1931; Pages, 1951; Poleff,
1951). In a number of countries in the Middle East
it has been observed in children that an attack of
acute conjunctivitis preceded the first clinical
symptoms of trachoma (Pages, 1951; Sogler; 1

Schousboe, 1924; Junes, cited by Attlan, 1957). In
most of these reports the conjunctivitis was caused by
Haemophilus aegyptius (Koch-Weeks bacillus).
There is some question as to the effect bacteria in the
eye have on the course and clinical manifestations of
trachoma. Conversely, it has been pointed out that
some of the micro-organisms found in the conjunc-
tival sac are often non-pathogenic. According to the
results of other workers, the bacteria cultivated
from trachomatous and healthy eyes are recovered in
approximately the same frequency (Harrison &
Julianelle, 1936; Feigenbaum et al.;2 Akagi et al.,
1958; Grayston et al., 1961).

* From the US Naval Medical Research Unit No. 2,
APO 63, San Francisco, Calif., USA. The opinions and
assertions contained herein are those of the authors and are
not to be construed as official or as reflecting the views
of the Navy Department or the Naval Service at large.

1 Sogler, M. De l'influence de la conjonctivite catarrhale
contagieuse sur l'evolution du trachome en Algerie (com-
munication to the Instituto Barranquer, March 1950).

' Feigenbaum, A., Gurevitch, J., Landau, J. & Shamir, R.
(1955) The bacterial flora of the conjunctiva in patients with
active and cicatrized trachoma and its seasonal variation in
Israel (unpublished working document WHO/Trachoma/49).

In order to supplement previous information and
to obtain recent information on the etiology of con-
junctival infections associated with both trachom-
atous and non-trachomatous eyes on Taiwan, a bac-
teriological study was undertaken. A series of eye
cultures was obtained in three areas on Taiwan from
both trachomatous and non-trachomatous children.
The bacteriological results of the study are presented
in this report.

MATERIALS AND METHODS

The cultures were obtained from pre-school chil-
dren and first-grade schoolchildren in the Taichung,
Taipei and Kaohsiung areas on Taiwan. Taipei is
centrally located in the northern part of the island;
Kaohsiung is on the south-western tip of the island;
Taichung is just north of the middle of Taiwan,
towards the western coast.

In the present report approximately one-half of
the cultures were from clinical cases classified as
being in one of the various trachomatous stages or
diagnosed as chronic follicular conjunctivitis (CFC).
The remaining one-half of the cultures, serving as
control cases, were clinically diagnosed as normal
(NP) or simple bacterial conjunctivitis (SC). In each
of the three areas under study, the number of
cultures obtained from each of the above-described
trachomatous and control groups was kept as similar
as possible. It was not possible to obtain the same
number of cultures for the various trachomatous
stages because of the higher incidence of early
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trachoma occurring in the young age-group (1-6
years) under study.

Following examination, diagnosis and classifica-
tion by the attending ophthalmologists, primary
platings to both 10% sheep blood and chocolate agar
plates were made from two specimens obtained from
the upper fornix by rubbing with separate sterile
1-mm platinum loops. Both cultures were obtained
from one eye selected by the ophthalmologist. After
48 hours' incubation at 37°C at normal atmospheric
pressure, initial plate counts were made and repre-

sentative suspected pathogenic colonies fished to
fresh blood or chocolate agar slants for pure culture
isolation and identification. The plates were again
checked after an additional 24 hours' incubation for
any further appearance of colonies.

Identifications were based upon morphological
and staining characteristics with supplemental tests
for haemolytic and coagulase activity, bile solubi-
lity and satellite phenomena on suspected Haemo-
philus cultures.

Because of possible occasional contamination due
to manipulation when exposing the upper fornix for
culturing, a working criterion was adopted: only
those cultures exhibiting five or more typical colonies
were considered positive conjunctival cultures due to
a specific organism.

RESULTS AND DISCUSSION

A clinical diagnosis for trachoma was made in
connexion with a vaccine study on people in the
Taichung area. The results of this clinical study are
shown in Table 1, where it can be seen that only 6%
of the children less than one year of age had trach-
oma. From the age of 2 through 9 years there were
fewer children with normal eyes, and a shift to
trachoma stages I and II. From 10 to 15 years of age
most of the children had trachoma of stages I, II and
III. Above 15 years of age the shift to trachoma
stages II and III became manifest. In all trachoma-
tous subjects over the age of 30 examined, the disease
was in stage III or IV. The children cultured in the
present study were in the 1-6-years age-group, where
there were many cases of trachoma dubium through
trachoma stage II, but few of advanced trachoma.
The results of the first survey, conducted in the

Taichung area in February 1961, are shown in
Table 2. No pathogens were found in the control
group and only four Pneumococcus strains were
isolated in the trachoma group. The second survey

took place in March 1961 in Taipei City (Table 3).
The number of pathogens increased in each group

and the first isolation of Haemophilus aegyptius
(Koch-Weeks bacillus) was obtained. During the
last week of April 1961, cultures were made from 39

3LE 1

EYE DIAGNOSES OF 1027 MEMBERS OF FAMILIES OF FIRST-GRADE SCHOOLCHILDREN IN TAICHUNG AREA

ACCORDING TO AGE OF FAMILY MEMBER

Eye ge-group (years)
diagnosis a

1 2-4 5-9 10-14 15-19 20-29 30-39 40-49 50 + |

NP 27 23 46 20 11 1 4 2 1 - 135

SC 4 4 2 1 - - - - 1 - 12

CFC 8 14 46 8 1 2 _ - - - 79

Tr-D 6 6 39 9 4 - I - - - 65

Tr-l 2 6 24 10 3 _ - - - - 45

Tr-ll 1 3 42 41 38 10 4 5 - 1 145

Tr-Il - - 1 21 53 26 53 71 38 19 282

Tr-IV - 1 3 3 8 9 40 81 73 46 264

Total 48 f 57 1203 [113 ] 118 48 102 ] 159 113 J 66 1 027

a NP = Normal patient. SC = Simple conjunctivitis. CFC = Chronic follicular conjunctivitis. Tr-D = Trachoma dubium.
Tr-l = Trachoma stage 1. Tr-ll = Trachoma stage 11. Tr-lIl = Trachoma stage Ill. Tr-IV = Trachoma stage IV.
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TABLE 2
ISOLATIONS MADE IN FEBRUARY 1961 SURVEY AMONG CHILDREN IN TAICHUNG AREA

Trachoma group

Diagnosis Negative

Tr-D 12

Tr-I 1

Tr- 1 15

Tr-IlIl 2

Tr-IV 0

CFC 12

Total 42

Positive

0

0

1 Pneumococcus

2 Pneumococcus

0

1 Pneumococcus

4 (9 %)

Control group

Diagnosis Negative

NP

SC

Total

39

16

Positive

0

0

55 0 (O %)

children at the southern end of Taiwan, in the
Kaohsiung area. During this period the temperature
increased to 90°F (over 32°C) with a concomitant
increase in humidity. As can be seen in Table 4,
there was a large increase in the number of pathogens
isolated in both the trachoma and control groups.

Even though the number of cases is small, the isola-
tion rate remains about the same for each of the two
groups. In Table 5 are the results of isolates from
five schools in the Taichung area for the month of
May. Again it may be noted that there was a further
increase in isolation rates of all pathogens and they

TABLE 3

ISOLATIONS MADE IN MARCH 1961 SURVEY AMONG CHILDREN IN TAIPEI CITY

Trachoma group

Positive

9 2 Pneumococcus
1 Haemolytic S. aureus, coagulase-
positive

Tr-l 4 0

Tr-ll 15 2 Pneumococcus
ii

Tr-lIl

Tr-IV

CFC

Total

8 1 Haemolytic S. aureus, coagulase-
negative

0

4 1 Pneumococcus
1 Haemolytic S. aureus, coagulase-
positive

43 8 (16%)

Control group

Diagnosis Negative Positive

NP 28 11 Pneumococcus
1 S. aureus, coagulase-positive
1 a Pneumococcus and S. aureus,
coagulase-positive

SC

Total

5

33

2 Pneumococcus

1 Haemolytic S. aureus, coagulase-
positive

1 Haemophilus aegyptius

17 (34 %)

a Dual isolations from single case.

7

Diagnosis Negative

Tr-D
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TABLE 4
ISOLATIONS MADE IN APRIL 1961 SURVEY AMONG CHILDREN IN KAOHSIUNG AREA

Trachoma group Control group
Diagnosis Negative Positive Diagnosis Negative Positive

Tr-D 4 1 Alpha-haemolytic Streptococcus NP 12 1 Haemophilus aegyptius
I________________________________________________ _ I4 Pneumococcus

Tr-lI | 0 2 Pneumococcus I| 1 Haemolytic S. aureus, coagulase-Tr____I 2___Pneumococcus _________positive

2 Haemolytic S. albus, coagulase-Tr-Ill 4 1 Pneumococcus positiveI Alpha-haemolytic Streptococcus 1 Alpha-haemolytic Streptococcus

Tr-lI I 0 0

Tr-IV 0 0 SC 0 2Pneumococcus
1 Alpha-haemolytic Streptococcus

CFC 2 0

Total 10 5 (33 %) Total 12 12 (50 %)

TABLE 5
ISOLATIONS MADE AMONG CHILDREN IN FIVE SCHOOLS IN TAICHUNG AREA, 9-25 MAY 1961

Trachoma group Control group

Diagnosis Negative Positive Diagnosis Negative Positive

Tr-D 11 5 Alpha-Streptococcus NP 23 12 Alpha-Streptococcus4 Pneumococcus 6 Pneumococcus2 Haemophilus aegyptius 1 a Haemophilus aegyptius and non-I a Pneumococcus and S. albus, haemolytic S. aureus, coagulase-coagulase-positive positive1 a Haemophilus aegyptius and Pneu- I a Haemophilus aegyptius and alpha-mococcus Streptococcus

Tr-I 4 1 Haemophilus aegyptius SC 6 9 Alpha-Streptococcus2 Haemolytic S. aureus, coagulase- 3 Pneumococcuspositive 4 Haemophilus aegyptius
2 a Haemophilus aegyptius and alpha-
Streptococcus

Tr-lI 12 5 Alpha-Streptococcus 1 a Haemophilus aegyptius and hae-7 Pneumococcus molytic S. aureus, coagulase-posi-3 Haemophilus aegyptius tive
1 a Haemophilus aegyptius and alpha- 1 a Pneumococcus and S. albus,Streptococcus coagulase-positive

1 a Haemolytic S. aureus, coagulase-
positive, and alpha-Streptococcus

Tr-lII 2 1 Alpha-Streptococcus
2 Pneumococcus
1 S. albus, coagulase-positive

Tr-IV 0 1 Haemophilus aegyptius

CFC 6 6 Alpha-Streptococcus
6 Pneumococcus
2 Haemolytic S. aureus, coagulase-
positive

1 Non-haemolytic S. aureus, coagu-
lase-positive

6 Haemophilus aegyptius

Total 35 58 (62%) Total 29 41 (59%)

uuai isolations from single case.
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TABLE 6
TOTAL ISOLATIONS FROM EYE CULTURES OBTAINED FROM 404 PRE-SCHOOL CHILDREN AND FIRST-GRADE

SCHOOLCHILDREN ON TAIWAN FROM FEBRUARY THROUGH MAY 1961

Trachoma group Control group
Diagnosis Negative Positive Diagnosis [Negative Positive

Tr-D 36 6 Alpha-Streptococcus NP 102 13 Alpha-Streptococcus
6 Pneumococcus 21 Pneumococcus
I Haemolytic S. aureus, coagulase- 2 Haemolytic S. aureus, coagulase-
positive positive

2 Haemophilus aegyptius 2 Haemolytic S. albus, coagulase-
I a Haemophilus aegyptius and Pneu- positive
mococcus I Haemophilus aegyptius

I a Pneumococcus and S. albus, co- I aH,aemophilus aegyptius and non-
agulase-positive haemolytic S. aureus, coagulase-

positive
I a Haemophilus aegyptius and alpha-

Tr-l 9 2 Pneumococcus Streptococcus
2 Haemolytic S. aureus, coagulase- I a Pneumococcus and S. aureus
positive coagulase-positive

1 Haemophilus aegyptius

Tr-ll 46 6 Alpha-Streptococcus
11 Pneumococcus
3 Haemophilus aegyptius
I a Haemophilus aegyptius and alpha-
Streptococcus

Tr-III 12 1 Alpha-Streptococcus SC 27 10 Alpha Streptococcus4r-lil12 1Alpha-Streptococcus 7 Pneumococcus4 Pneumococcus 1 Haemolytic S. aureus, coagulase-
I Haemolytic S. aureus, coagulase- positive
I S. albus, coagulase-positive 2 a Haemophilus aegyptius and alpha-

Streptococcus
I a Haemophilus aegyptius and hae-

Tr-IV 3 1 Haemophilus aegyptius molytic S. aureus, coagulase-positive
I a Pneumococcus and S. albus,
coagulase-positive

CFC 24 6 Alpha-Streptococcus I a Haemolytic S. aureus, coagulase-
8 Pneumococcus positive, and alpha-Streptococcus
3 Haemolytic S. aureus, coagulase-
positive

1 non-haemolytic S. aureus, coagulase-
positive

6 Haemophilus aegyptius

Total 130 75 (36.6%) Total 129 70 (35.2%)

a Dual Isolations from single case.

were also equally distributed between both the
trachomatous and the non-trachomatous groups.
The results of the total isolates obtained from the

404 pre-school children and first-grade school-
children are shown in Table 6. Of special interest is
the fact that, regardless of the number of isolations,
the percentage of isolations from the trachomatous
and non-trachomatous groups remained closely
similar. This same fact was noted in a bacteriological
survey by Grayston et al. (1961), when investigating
an epidemic of Haemophilus infections in May 1960
following the use of a placebo ophthalmic ointment
base. Although their number of cases is small, the
relation between the Haemophilus isolation rate of

7% for trachomatous and that of 10% for non-
trachomatous patients is very similar to that between
our rates of Haemophilus isolations for the month of
May 1961.

In Table 7 the isolation results from the 404
children in the four surveys are presented with the
CFC and simple conjunctivitis figures separated from
the trachoma and NP groups. The isolation rates for
the trachomatous and NP remained virtually un-
changed after removal of CFC and SC; likewise, the
isolation rates for CFC and SC, while a great deal
higher, are also similar.

Since it is possible that CFC or SC may mask or
change the trachoma diagnosis, all cases so classified
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TABLE 7
TOTAL AND PERCENTAGE ISOLATIONS FROM EYE CULTURES FROM 404 PRE-SCHOOL CHILDREN AND FIRST-GRADE

SCHOOLCHILDREN ON TAIWAN FROM FEBRUARY THROUGH MAY 1961

Bacteria No. positive

Alpha-Streptococcus

Pneumococcus

Haemophilus

Sfaphylococcus

14

25

9

6

Total
cultured % positive

Trachoma a

157

157

157

157

Total b 54 157

CFC

Alpha-Streptococcus

Pneumococcus

Haemophilus

Staphylococcus

6

8

6

4

48

48

48

48

Total b 24 48

Total

Alpha-Streptococcus

Pneumococcus

Haemophilus

Staphylococcus

20

33

15

10

205

205

205

205

9.8

16.1

7.3

4.9

No. positive Totalcultured

NP

144

144

144

144

144

SC

55

55

55

55

55 60.0

27

30

11

10

Total

199

199

199

199
T

Total b 78 205 38.0 | 78 199

a Trachoma includes Tr-D through Tr-IV. b Dual isolations are counted separately.

were reviewed for any change in previous diagnosis
after 3-4 months. A change in diagnosis from
trachoma to CFC or SC was found in less than 1 % of
the cases, and these were equally distributed between
the trachoma and control groups. In addition, the
individual isolation rates for alpha-streptococci,
pneumococci and Haemophilus are comparable
throughout in both the trachomatous and normal
groups. Any individual strain of organisms con-
sidered to be of doubtful pathogenicity can be
deleted from both the trachomatous and control
groups without materially affecting the isolation
ratio.
The percentage isolation from all cases, from CFC

and SC cases only, and from Haemophilus infections
is shown in the accompanying graph. The percent-
age isolation from all cases and the percentage of
Haemophilus isolations increased steadily from

February through May as the temperature gradually
changed from the cool of the early months to the hot,
humid summer weather. In contrast, the percentage
of isolates from CFC and SC cases remained elevated
throughout the entire sampling period.
When the total isolates from all trachomatous and

non-trachomatous cases were examined, it was of
interest to note the large numbers of typical, encap-
sulated, bile-soluble strains of pneumococci isolated
in significant numbers. To test whether the recent
increase in the use of antibiotic ophthalmic ointments
on Taiwan might possibly have caused some altera-
tion in bacterial sensitivity, a representative selection
of 20 strains was examined for bacterial sensitivity by
the impregnated paper disc method. All strains were
found to be completely sensitive to oxytetracycline,
penicillin, chlortetracycline, erythromycin, strepto-
mycin and polymyxin B.

% positive

23.6

14.5

14.5

7.3

I
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RESUMIP
Une etude bacteriologique a et6 entreprise dans trois

zones de Taiwan, afin de mettre en 6vidence les rapports
eventuels entre infection bacterienne et trachome. En
effet, des observations faites au Moyen-Orient avaient
montr6 que des conjonctivites aigues precedaient souvent
les premiers sympt6mes du trachome: dans ces cas, le
germe le plus frequemment isole tait Haemophilus
aegyptius.
Des cultures ont ete faites 'a partir de prelevements

effectues sur 404 enfants d'age prescolaire et de premiere
annee scolaire. La moitie de ce groupe environ etait
atteinte de trachome ou de conjonctivite folliculaire
chronique, l'autre moitie, de conjonctivite simple seule-
ment.
Des colonies bacteriennes (streptocoques, penumo-

coques, Haemophilus) ont ete obtenues dans 36,6% des
cas du premier groupe, et dans 35,2 % du second groupe,
temoin. Si l'on ne tient pas compte des cas de conjoncti-
vite folliculaire chronique dans le groupe des trachomes,
ni des cas de conjonctivite simple dans le groupe temoin,
la proportion d'isolements positifs est le meme dans les
deux groupes.
Comme d'autres auteurs l'avaient suggere, les condi-

tions atmospheriques semblent avoir une influence sur le
nombre d'isolements bacteriens. Ces derniers augmen-
terent continuellement de fevrier a mai 1961, periode de
hausse de la temperature et de l'humidite, qu'il s'agisse
d'Haemophilus aegyptius ou d'autres germes.
Le nombre eleve de colonies de pneumocoques typiques

trouve dans les cultures a fait naitre l'id&e d'une even-
tuelle resistance de ces organismes, qui serait la conse-
quence de l'emploi de pommades aux antibiotiques
contre le trachome. L'examen de 20 souches, par la
methode des disques montra qu'il n'en etait rien, et que

PERCENTAGE ISOLATIONS, BY MONTH,
OF PATHOGENIC BACTERIA FROM TRACHOMATOUS
AND NON-TRACHOMATOUS CHILDREN ON TAIWAN

80
* Isolates from all cases

A Isolates from chronic follicular and
70 simple conjunctivitis cases only

* Hoemophilus aegyptius isolation,
all cases

60

.50

0
* 40

0. 30

20

10

0
February March April May

WtHO 2239

les organismes etaient restes pleinement sensibles i
l'oxytetracycline, a la penicilline, a la chlortetracycline,
A l'erythromycine, A la streptomycine et a la polymyxine.
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