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(10.66 %) big ones, 1500 (D= 1418 + L= 82} (16.43 %)
very big ones, 505 (D= 467 + L= 38) (5.53 %} large ones,
413 (D= 388 + L= 25) (4.52 %) very large ones,and 45
(D=36 + .= 9) (0.49 %) giant ones.

8. Ciliary Ganglion (Parasympathetic)

The ciliary ganglion could be recognised on Eé while the
ganglion had a rostrocaudaf length of 0.240 mm and a
vofumne of 0.0174 mm’. The ganglion had 16629 cells all
of which were darlk type. In all, there were 2053 (12.35
%) tiny cells, 8820 (53.04 %) very small ones, 5707 {34.32
%) small ones, and 49 (0.29 %) medium sized ones. On
E8, the ganglion had a length of 0.296 mm, a volume of
0.0274 mm?® and had 17646 cells all of which were dark
type. Inall,there were | 14 (0.65 %) tiny celis, 9452 (53.56
%) very small ones, 5684 (32.21 %) small ones and 2396
(13.58 %) medium sized ones. On E10, the ganglion had
a length of 0.387 mm, a2 volume of 0.0261 mm® and had
23618 cells all of which were dark type. In all, there
were 2918 (12.35 %) tiny cells, 14152 (59.92 %) very
small ones, 4337 (1836 %) small ones, and 2211 (9.36 %)
medium sized ones. On E| 3, the ganglion had a fength of
0.460 mm;, a volume of 0.0758 mm? and had 21867 celis.
Amaong these cells, 21093 (96.46 %) were dark type, and
774 (3.54 %) were light ones. Inall,there were 156 (0.71
%) tiny cells, 14142 (64.67 %) very small ones, 5124 (D=
4559 + L= 565) (23.43 %) small ones, 2256 (D= 2057 +
£= 199} (10.32 %} medium sized ones, and 189 (D= |79
+ 1= [0} (0.86 %) big ones. Cn EI5, the ganglion had a
length of 0.510 mm, a volume of 0.0674 mm’® and had
9365 cells. Among these cells, 6909 (73.77 %) were dark
type, and 2456 (26.23 %) were light ones. In all, there
were 413 (4.41 %) tiny cells, 2519 (26.9 %) very small
ones, 3355 (D= {887 + L= 1468} {35.82 %) small ones,
3062 (D= 2078 + .= 984) (32.7 %) medium sized ones, 9
(D=6+L1=3} (0.1 %) bigones,and 7 (D=6 + L= [} (0.07
%) very big ones. On EI8, the ganglion had a length of
0.540 mm,a volume of 0.2390 mm?® and had 186557 cells.
Among these cells, 186379 (39.9 %) were darlk type and
(78 (0.1 %) were light ones. In ali, there were 55843
(83.54 %) tiny cells, 16125 (8.64 %) very smail ones, 9924
(D= 9923 + L= 1) (5.32 %) small ones, 3315 (D= 3237 +
L=78) (1.78 %) medium sized ones, 935 (D=876 + L=
59} (0.5 %) big ones, and 415 (D= 375 + L= 40) (0.22 %)
very big ones. On the day of hatching, the ganglion had a
length of 0.600 mm, a volume of 0.0903 mm?® and had
FO521 cells. Among these celis, 5610 (53.32 %) were
darlc type and 4911 (46.68 %0 were light ones. In ali,
there were 319 (3.03 %0 tiny cells, 2867 (D= [486 + .=
1381} (27.25 %) very small cnes, 3361 (D= 1639 + L=
1722) (31.95 %) small ones, 2976 (D= 1594 + L= 1382)
(28.29 %) medium sized ones, 856 (D= 472 + L= 384)
(8.14 %) big ones and [42 (D= 100 + L= 42) {1.35 %)
very big ones. In the adult situation, the ganglion had a
length of 0.660 mm, a volume of 0.2977 mm?’ and
contained 2535 cells. Among these cells, 2079 (82.01 %)
were dark type and 456 (17.99 %) were light ones. In all,
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there were 259 (10.22 %) tiny cells, 336 {13.25 %) very
small cnes, 313 (D= 249 + L= 64) (12.35 %) small ones,
605 (D= 449 + L= |56} (23.87 %) medium sized ones,
373 (D=274+1=99) (1471 %) bigones, 195 (D= 150+
L= 45) (7.69 %) very big ones, 234 (D= |78 + L= 56)
{9.23 %) farge ones and 220 (D= 184 + L= 36) (8.68 %)
very farge ones,

9. Superior Cervical Ganglion
(Sympathetic)

The Superior Cervical Ganglion could be recognised on
E6 while it had a rostro-caudal length of 0.560 mm and a
volume of 0.0083 mm?® and, had 14489 cells all of which
were dark type. In ali, there were 687 (4.74 %) tiny cells,
5986 (41.31 %) very small type, 7250 (50.04 %) small
ones, and 566 (3.9 %) medium sized ones. On E8, the
ganglion had a length of 0.600 mm, a volume of 0.0325
mm’ and had 30832 celis ali of which were dark type. In
all, there were 5230 (16.96 %) tiny cells, 2194 (39.55 %)
very small type, 13190 (42.78 %) small ones and 218 (0.7
%) medium sized ones. On E10, the ganglion had a length
of 0.657 mm, a volume of 0.0387 mm?® and had 4768
cells alf of which were dark type. in all,there were 10832
(22.72 %) tiny cells, 31144 (65.32 %) very small ones,
3929 (8.24 %) small ones and 1776 (3.72 %) medium
sized ones. On EI3, the ganglion had a length of 0.580
mm, a volume of 0.0582 mm? and had 39322 celis all of
which were dark type. In all, there were 347 (0.88 %)
tiny cells,22999 {58.49 %) very small ones, 12004 (30.53
%) smail ones and 3972 (10.1 %} medium sized ones.
On k5, the ganglion had a length of 0.690 mm,a volume
of 0.1075 mm? and had 74974 cells all of which were
dark type. In all, there were 1292 (1.72 %) tiny cells,
59282 (79.01 %) very smail ones, 1 [798 (15.72 %) small
ones and 2602 (3.47 %) medium sized ones. On E18, the
ganglion had a length of 0.720 mm, a volume of 0.1963
me?® and had 127722 cells. Amang these cells, 127231
(99.62 %) were dark type and 491 (0.38 %) were light
ones. In all, there were 38420 (30.08 %) tiny cells, 42647
(33.39 %) very small ones, 44575 (D= 44252 + L= 323)
(34.9 %) small ones and 2080 (D= 1912 + L= 168) (.63
%) medium sized ones. On the day of hatching, the
ganglion had a fength of 0.810 mm, a velume of Q.1 166
mm’ and had 55244 cells. Among these cells, 18172 (32.89
%) were dark type and 37072 (67.11 %) were light ones.
Inail,there were 675 (1.22 %) tiny cells, 38083 (D= 9404
+ L= 28679) (68.94 %) very small ones, 15240 (D= 7086
+ L= 8154) (27.59 %} smail ones, and 1246 (D= 1007 +
L= 239) (2.26 %) medium sized ones. In the adult situation,
the ganglion had a length of 1.430 mm, a volume of 0.4928
mm?and had 34374 cells. Among these celis, 18271 (53.15
%) were darl type and 16103 (46.85 %) were tight ones.
In all,there were 475 (1.38 %) tiny cells, 20026 (D= 8228
+ L= [ |798) (58.26 %) very small ones, 12481 (D= 8365
+ L= 4116} (36.3( %) small ones, 1212 (D= [057 + L=
155) (3.53 %) medium sized onesand 180 (D= 146 + L=
34) (0.52 %) big ones.
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Table I. lllustrates the total number of dark and fight cells in the trigeminal ganglion in different age groups of

animals in the ontogeny of the chick

size f

Grand B

Tiny  Very sn{a.ll.‘ USmaII Medium Bigﬂ Very big Large Very Iargé‘ ) .Giant Tozal
Age  <by 6-10u  11-15u  16-20u  21-25u 26-30u  3(-35u  36.40u >40u  Number Tozal
E&-D 4923 24453 41267 3219 0 0 0 0 G 73862
E6-L ¢ 0 G 0 ] 0 0 0 0 0 73862
E8-D 63347 168400 23970 3610 0 0 0 0 0 259327
E8-L 0 0 3 75 6 0 0 0 0 78 259405
Et0-D 581 | 7067 59095 23804 45 1 G 0 0 100603
EI0-L 0 0 348 239 7 2 0 0 0 596 101199
EI3-D 510 27203 10824 9854 3131 503 163 3 6 52199
El3.L 0 0 15017 12586 3931 637 120 | 2 32294 84493
Ei15-D 1004 19330 5046 5742 1833 1071 0 0 0 34026
E15-L 0 0 12328 10952 3721 1408 o G 0 28409 62435
E(8-D 113491 106003 43706 22305 2154 578 15 0 ¢ 288252
EI8-L 0 o 5908 9748 2092 386 2 0 0 18246 306498
H-D 781 {2288 11275 8138 1856 ills 605 57 0 3élle
H-L 0 4935 8282 6752 | 985 617 74 18 0 22663 58779
A-D 548 3886 2539 4567 435 3568 3277 884| 1814 29475
AL 9 1626 1037 1600 87 813  7i% 1350 119 7351 36826
(D = Dark cells E=Embroynic age H=Day of hatching A=Adult)
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Figure | A. Total number of dark & light cells in the trigeminal ganglion in different
180000 . 8¢ groups of animals in the ontogeny of the chick
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Figure 1B. Total number of dark & light cells in the trigeminal ganglion in different age groups of animals in the
ontogeny of the chick
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Table 2. lflustrates the total number of dark and light cells in the genicular ganglion in different age groups of
animals in the ontogeny of the chick

Size / Tiny  Very small Small Medium Big  Verybig Large Verylarge  Giant Total Grand
Age <5u 6-10u  11-15u [6-20u  21-25u  26-30u  31-35u  36-40u  >40u  Number Total
E6-D 95 1232 1815 286 0 ¢ 0 0 0 3428
E6-L 0 0 0 0 0 0 0 0 0 0 3428
E8-D 1952 311 1542 100 0 0 0 0 0 6705
Es-L 0 0 0 0 0 0 ¢ 0 0 0 6705
EI0-D 8l 160 677 343 100 0 0 0 0 1361
ElC-L 0 0 0 0 0 0 0 0 0 0 1361
EI3-D 78 1841 693 807 765 45 23 0 0 4252
E13-L 0 0 8l |57 252 |6 6 0 0 512 4764
EI5-D 98 935 |50 147 74 38 0 0 0 1442
E15-L 0 0 365 761 243 58 0 ¢ ¢ 1427 2869
EI8-D 8092 5533 1974 920 20 7 0 0 0 16543
El8-1. ¢ 0 317 639 86 7 0 0 0 1049 17592
H-D 20 59 69 289 301 368 2 | 3 [$12
H-L 0 124 259 314 179 105 ¢ 0 0 981 2093
A-D |5 7 22 84 13 194 175 315 79 904
A-L 0 0 14 12 9 18 23 34 7 17 1021
(D = Dark cells E=Embroynic age H=Day of hatching A=Adult)
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Figure 2 A, Total number of dark & fight cells in the genicular ganglion in different
age groups of animals in the ontogeny of the chick
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Figure 2B. Total number of dark & light cells in the genicular ganglion in different age groups of animals in the
ontogeny of the chick
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Table 3 lllustrates the total number of dark and light cells in the acoustic ganglion in different age groups of
animals in the ontogeny of the chick

Size / Tiny  Very small Small Medium Blg Very big Larg-e” Yery large  Giant  Total Grand
Age <5u 6-10u  [1-15u [6-20u  21-25u  26-30u  31-35%  36-40u >40u  Number Total
E6.D 334 4710 484 175 G 0 o 0 0 10060
Eé.L 0 0 0 0 0 0 o 0 0 0 10060
E8-D 5863 2660 4728 {64 0 0 0 G 0 20415
E8-L 0 G 0 0 0 0 0 0 G 0 20415
E10-D 56495 33229 2944 0 o 0 0 0 0 42668
E{0-L 0 0 0 0 0 0 0 0 0 0 42668
EI3-D 325 16320 18817 1347 0 0 0 ¢} 0 36809
El13-L 0 0 1823 465 0 0 0 0 ¢ 2288 39097
E15.D 6482 28864 8250 3969 9 0 0 0 47807
Ei5-L 0 0 518 671 36 O 0 0 {506 49313
El8-D 57962 93394 633i8 5603 0 0 G 0 220314
El18-L 0 G 10 14 0 0 0 0 o 24 220338
H-D 219 840 8018 3943 17 0 0 0 0 13037
H-L 0 3137 8753 1771 3 0 0 0 0 £3664 26701
A-D 3329 6557 4450 188 0 0 0 0 0 14524
A-L 0 60 38 H t] 0 0 0 0 109 14633
(D = Dark cells E:Eﬁﬁbroynic age H=Day”ofhatching A=Adult) - N - -
250000 + 250000
200000 Z00000
% 150000 -+ 150000 g
= :
= 100000 + 4 100000 55
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o ﬁ-,w’m - ..,.__.....,.. S P - S A%g.;,..;_ U A
B2 2 S S8R ZTFREEEFE L
R =T O 4 "~ e Total Number|
AGE [——Grand Total
Figure 3 A. Total number of dark & light cells in the acoustic ganglion in different age
groups of animals in the ontogeny of the chick
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Figure 3 B. Total number of dark & light celis in the acoustic ganglion in different age groups of animals in the
ontogeny of the chick
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Table 4 [llustrates the total number of dark and light cells in the vestibular ganglion in different age groups of
animals in the ontogeny of the chick

Size / Tiny  Very small Small Medium Big Very big Lar'ge Vez'y iarge Giant Total Grand
Age <5u 6-10u  {1-15u [6-20u  21-25¢  26-30u  31-35u  36-40u »40u  Number Total
E6.D 2220 14803 5197 696 0 0 0 0 0 32916
E6-L 0 G 0 8 0 0 0 0 0 8 32924
E8.D 874 30870 Q750 201 0 0 0 0 0 42695
E8-. 0 o] 0 t] 0 0 0 0 0 0 42695
EI0-> 10268 40467 9418 1783 0 0 0 0 0 61938
El10-L 0 0 0 0 0 0 0 0 0 0 61936
EI3-D 2674 27480 6818 2645 583 47 0 0 0 40267
Ei3-L 0 0 2433 990 180 24 0 0 0 3627 43894
E15-D 3449 31886 7501 3195 953 481 0 0 0 47465
EI5-L 0 0 2589 2459 656 270 0 0 0 5974 53439
EI8-D 91241 100958 31988 8981 1491 218 0 0 0 234877
El8-L 0 0 567 1267 336 144 0 0 0 2314 237191
H-D 05 428 924 2178 693 425 18 0 0 4871
H-L 0 3751 4063 4467 838 73 9 0 0 13196 18067
A-D |$83 4935 3645 1850 {68 278 £20 0 0 12189
A-L 0 0 155 101 14 17 7 ] 0 294 12483
(D = Dark cells E=E'mbroynic age H=Day of hatching A=Adult} - o
250000 + r 250000
200000 +- + 200000
é 150000 4 . 150000 g
=
§100000 + 100000 g
50000 - S0000
->
. ﬁ N I ikl N
§EEEREEEEEEEEE T F T FrimronNumbe
~a— Grand Total
ACE o
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Figure 4A. Total number of dark & light cells in the vestibular gangtion in different age
groups of animals in the ontogeny of the chick
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Figure 4 B. Total number of dark & light cells in the vestibular ganglion in different age groups of animals in the
ontogeny of the chick

32



JUMMEC 1998: 1 & 2

Table 5. lllustrates the total number of dark and light cells in the proximal ganglionic complex of cranial nerves
IX' & Xin different age groups of animals in the ontogeny of the chick

Size / Tiny  Very small  Small Medium Big  Very big Lé}-ée Very Iarge" Giant  Total Grand
Age <5u 6-10u  [1-15u 16-20u  21-250  26-30u  31-35u  36-40u >40u  Number Total
Ee-D 785 8222 8444 454 0 0 0 0 0 7905
Eé-L 0 0 0 ¢ 0 0 0 0 0 0 17905
£8-D 492 22987 7342 195 0 0 0 0 0 31016
E8-L 0 0 0 0 0 0 0 0 0 0 31016
EIC-D  28I0 18610 7019 374 0 0 0 0 0 28813
ElC-L 0 0 0 0 0 0 0 0 0 0 28813
EI3.D 302 13166 2956 2274 537 42 0 0 G 19277
El3-L 0 0 3386 2868 624 53 0 0 0 6931 26208
EI5-D 281 7451 4221 3905 867 38 5 2 0 16770
EIS-L G G 1214 4226 2415 44 4 4 0 7907 24677
El8-D 37646 36189 16518 {1356 1657 581 0 0 0 103947
Ei8-L 0 0 710 988 361 £25 0 0 0 2184 166131
H-D 182 945 2251 3942 2185 799 50 0 0 10354
H-L 0 FI91 2369 2438 357 214 13 0 0 7182 17536
A-D 509 2517 2047 2052 1004 1494 987 147 G 10757
AL 0 675 611 589 48 170 209 46 ¢ 2348 13105
(D = Dark cells E=Embroynic age H=Day of hatching A=Adult) o
120000 ¢ + 120000
160000 + 1 100000
g 80000 + soovo E.
2 o000 | 1 eoc00 E
2 =
2 40000 + 40000 B
9"‘ =y
20000 - ;:_t\% f}i ” * { 20000
o LB BB K o
22 g 3 § - Total Number
T e —+—Grand Totat _|
Figure 5A. Total number of dark & light cells in the proximal ganglionic complex of
cranial nerves IX & X in different age groups of animals in the ontogeny of the chick
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Figure 5B. Total number of dark & light cells in the proximal ganglionic complex of cranial nerves IX & X in
different age groups of animals in the ontogeny of the chick
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Table 6. lllustrates the total number of dark and light cells in the petrous ganglion in different age groups of
animals in the ontogeny of the chick

Size / Tiny  Very small Small  Medium Big 'Very big 4?_argé Very lai’ge " Giant | Total | Grand
Age <5u 6<f0u  11-15u [6-20u  21-25u  26-30u  31-35u  36-40u >40u Number Total
E6-D 205 3681 3484 408 0 0 0 0 0 7778

Eé-L. 0 0 0 0 0 0 0 0 0 0 7778
£8-D |06 3446 4579 235 3 0 0 0 0 8379

E8-L 0 0 0 0 0 0 0 0 0 0 8379
EI10-D 839 3244 2211 475 89 0 0 0 0 6858

EI10-L 0 0 7 | 0 0 0 0 0 8 6866
EI3-D 128 6191 853 440 326 22 0 0 0 7960

El3-L 0 0 990 575 463 34 0 0 0 2062 10022
El5-D 399 3097 [556 1521 93 7 0 0 0 6673

EI5-L 0 0 474 845 128 6 0 0 0 1453 8126
EI8-D 10948 9937 6136 3577 635 229 0 ¢] 0 31462

EI8-L 0 0 197 340 1214 83 0 0 4] 741 32203
H-D 42 50 288 992 258 8l 0 0 0 1711

H-L 0 409 799 880 55 5 0 0 0 2148 3859
A-D 52 a5 304 1053 291 85 0 0 4] {870

A-L 0 |50 445 4563 58 6 4] 0 0 1122 2992
(D = Dark cells E=Embroynic age H=Day of hatching A=Adult}

35000 - + 35000

30000 1 20000
25000 1 T 25000
20000 4 +{ 20000

15C00 + 18000

TOTAL NAEER
GRAND TOTAL
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Figure 6A. Total number of dark & light cells in the petrous ganglion in different age groups of
animals in the ontogeny of the chick
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Figure 6B. Total number of dark & light cells in the petrous ganglion in different age groups of animals in the
ontogeny of the chick
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Table 7. fllustrates the total number of dark and light cells in the nodose ganglion in different age groups of
animals in the ontogeny of the chick

Size / Tiny  Very small Small Medium Big  Verybig Llarge Verylarge Giant Total Grand
Age <5u 6-10u  1#-15u  16-20u  21-25u 26-30u  31-350  36-40u  >40u  Number Total
Es-D 161 2488 3731 2845 0 0 0 0 0 9225

E6-L 0 ¢ 814 701 0 0 0 0 0 i515 10740
E8-D 16 6425 6645 3627 (45 0 0 0 0 16958

E8-L. 0 0 84 108 17 0 ¢ 0 0 209 17167
EI0-D 135 4774 7584 2300 i178 43 ¢ 0 0 16014

El0-L 0 0 42 70 48 7 v 0 0 i67 6181
EI3-D 94 3812 [645 714 229 99 20 v 0 6613

EI3-L 0 0 859 942 358 172 28 0 0 2359 8972
EI5-D 979 35572 4388 3769 128 14 7 0 ¢ 44857

El5-L 0 0 576 1258 76 29 7 0 ¢ 1946 46803
Ei8-D 30278 25074 15800 6154 1594 315 38 0 0 79253

El8L 0 0 509 767 184 7 0 0 0 1467 80720
H-D 66 259 908 2709 1654 1903 309 0 0 7808

H-L 0 92 947 1544 920 50 3 0 0 3656 11464
A-D 275 1526 1527 2245 902 1418 467 388 36 8784

A-L 0 0 24 97 71 82 38 25 ¢

346 9130

(D = Dark cells E=Embroynic age H=Day of hatching A=Adult)
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Figure 7A. Total number of dark & light cells in nodose ganglion in different age grou.ps of
animats in the ontogeny of the chick
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Figure 7B. Total number of dark & light cells in nodose ganglion in different age groups of animals in the
ontogeny of the chick
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Table 8. tlustrates the total number of dark and light cells in the ciliary ganglion in different age groups of
animals in the ontogeny of the chick

Size / Tiny  Very sméli “Small Medium Big Very big ‘Large Very large Giaﬁtw Total " Grand
Age <5u 6-10u [ §-15u |6-20u  21-250  26-30u  31-35u  36-40u >40u Number Total
Ee-D 2053 8820 5707 49 0 0 Q 0 0 16629
Eé-i. 0 0 ¢ 0 0 Q 0 0 0 0 16629
E8-D 114 9452 5684 2396 0 0 ¢ ¢ ¢ | 7646
E8-L 0 ¢ 0 ¢ 0 0 0 0 ¢ 0 17646
E1Q0-D 2918 14152 4337 221 0 0 0 0 0 23618
EIC-L 0 0 0 0 0 Q 0 0 0 0 23618
EI3-D 156 14142 4559 2057 179 0 0 0 0 21093
E[3-L 0 0 565 {99 |0 0 0 0 0 774 21867
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Table 9. lllustrates the total number of dark and light cells in the superior cervical ganglion in different age
groups of animals in the ontogeny of the chick

Size / Tiny  Very smali Small Medium Big  Verybig Large Verylarge Giant Total Grand
Age <5y 6-10u  11-15u 16-20u  21-25u  26-30u  31.35u  36-40u  >40u  Number Total
E6-D 687 5986 7250 566 0 0 0 0 0 14489

Es-L 0 0 0 0 0 0 0 0 0 0 14489
E8-D 5230 12194 13190- 218 0 G 0 0 0 30832

E8-L 0 0 0 0 0 0 v 0 0 0 30832
EI0-D 10832 31144 3929 1776 0 0 0 0 0 47681

E10-L 0 0 0 0 ] 0 0 0 0 0 47681

Ei3-D 347 22999 12004 3972 0 0 0 0 0 39322

El3-L o o 0 0 ¢ 0 0 0 " ] 39322
EI5-D 1292 59282 11798 2602 0 0 0 0 0 74974

EI5-L 0 0 0 0 0 0 0 0 0 0 74974
Eig-D 38420 42647 44252 1912 0 0 0 0 0 {27231

Eig-L 0 0 323 168 0 0 0 0 0 49| 127722
H-D 675 9404 7086 1007 0 o ¢ o ] 18172

H-L ] 28679 8154 239 0 0 0 0 0 37072 55244
A-D 475 8228 8345 1057 |46 0 0 0 0 18271

34 0 0 0 0

A-L 0 11798 4lleé 155 16103 34374
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Discussion

A. Dark and Light Cells

In general, by a critical analysis and evaluation of the
resufts in all the ganglia studied in the present series of
investigation, it is assumed that

a. the dark ceils represent a group of functionally active
cells which might proliferate, grow, mature, establish
proper connections and continue to perform their
functions, However, these cells may lose their activity
and beceme inactive or die at any stage of their
development, growth or activity and change to a light
coloured cell on staining.

b. the light cells represent a group of inactive, dying,
dead or degenerating cells. In many situations, the
occurrence of light cells in the ganglion for the first
time is associated with loss of ceils. These cells might
become inactive or die due to some inherent defects
developed within themseives or to some adverse factors
found in the micro-environment. These light cells are
found to appear around the time when the cells begin
to establish their projections and represent those which
fail to establish functional connections. However,
sometimes when the adverse factors are rectified, these
cells which have at first started to iose their functions
might be re-activated and become normal active cells
again and, therefore, might turn to be a dark type.

i. by re-activation of their same original cell-processes
which have first failed to establish a functional projection
into their peripheral field of innervation, by rectifying
the defects (found either within the cells themselves or
in their micro-environment) by developing some
favourable conditions, or

ii. by the development of new collateral branches from
the main process, which might grow new  and establish
functional connections to their innervation fields.

Abrief explanation is given below to illustrate the factor:
b given above, i.e., to show that the light ceils {inactive
cells) might revert to dark cells {active ones). As an
example, please refer to the results of the superior
cervical ganglion on the day of hatching (H) and in the
adulthood{A}. Please note the number of total cells
(55244 on H,34374 in A}, dark cells (18172 on H, | 827|
in A) and light cells (37072 on H, 16103 in A), and the
proliferative capacity which is represented by the
number of tiny cells (675 on H,475 in A} in these stages
{H and reduced in A). This indicates that the number of
dark cells have increased in the adulthood whereas the
light ceils have reduced, in comparison to that observed
on the day of hatching. This is clearly suggestive of the
assumption that some of the light cells have changed
themselves to become an active type again (i.e., dark
cells), probably by establishing a viable functional
connection as a result of newly-formed collateral
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branches as a resuit of some favourable micro-
environment, or by regaining the functional capacity of
the original fibres by a process of re-activation, after
the fibres have started to lose their functional capacity.
Almost similar results can be noticed in the vestibular
ganglion, proximal ganglionic complex of cranial nerves
iX and X, petrous ganglion, nodose ganglion etc.
However, in these ganglia, the increased number of tiny
cells in the adulthood in comparisen to that observed
on the day of hatching might suggest that the increased
number of dark cells in the adult situation might be
related either to a re-activation of light cells (inactive
cells) as explained above, or te the growth, maturation
and establishment of active functionat connections of
the new-generation of tiny cells, or by both these
Drocesses.

The following evidences are presented in support of
this assumption about the significance of the dark and
light groups of cells. However, these statements are
given in the form of brief points in order to avoid
unnecessary long descriptions which might also need
repetitions for every ganglion studied. Later; the facts
are described in relation to some of the refevant avaifable
literature. Whenever necessary, for more details, the
results of that particular ganglion may be verified and
the facts be confirmed, The percentage or ratio of the
darlk and light cells in the ganghon in any age group may
be found in the description of the results.

|.During the periods of active proiiferation and growth
especially in the early stages of development, while there
is a continuous increase in the total number of cells, all
the cells among all categories found in the ganglion are
dark type; no light cells are found during these active
periods of development. Therefore, the dark cells are
considered as a group of active cells which might divide,
proliferate, grow, mature and thereby help to increase
{or add) the number of ali classes of cells in the ganglion.
It may be noticed that the light cells begin to appear in
the respective ganghia just after the stages given below,
The time of appearance of light cells in the ganglion is
presumed to be related to the time of their failure to
establish functional connections. The beginning of
establishment of such connections should be earlier than
the time of occurrence of these light celis in the ganglion,
Of course, this period varies from one ganglion to the
other. The following description shows the
developmental stages where all the ganglion cells are
dark type after which the light cells begin to appear,

Trigeminal ganglion  E&,probably the establishment of

functional connection begins early.
Geniculate ganglion:  E6,E8,EI0

E6, E8, E10; Please refer to the
explanation given for the
presence of a few (8) light cells
on E6

Vestibular ganglion:



Acoustic ganglion:  E6,E8,E10
Prox. G. Comp.

of IXand X: E6,E8, EIO
Petrous ganglion: E6,E8

Nodose ganglion: Light cells are found even on E6;
Probably the establishment of
functional  projections begins
very early, even before £6. Thus
this is the first ganglion to
developfunctional connections,
possibly related to its supply
tovital organs such as heart, lungs
and alimentary canal and its

importance.,
E6, E8,EIO

E6,E8 EIQ,EI3,El5; Very late
appearance of light cells

Ciliary ganglion:
Superior cervical
ganglion:
Exceptionally,in certain stages of development, in some of
these ganglia (given below), the number of cells are reduced
instead of a continuous increase, indicating probably the
presence of an active phagocytic process which would
remove the inactive or dead cells (so-called light cells)
during developmental period. However, the light-cell stage
is not represented in them probably because the
phagocytosis is so active and so-fast to leave this light-cell
stage for clear observation. These developmental stages
probably represent some critical periods (in that particular
ganglion in their attempt to establish functional projection
to their innervation fields. It may be noticed that most of
these periods of celtular loss are just before the occurrence
of light cells in the ganglion,

Geniculate ganglion: EIO
Prox. G. Comp. of N.
X and X; EtQ

Superior cervical ganglion: EI3

2. As soon as the light cells have appeared in the ganglion,
the total cells have reduced in number representing a
foss of cells which, in turn, suggests that these light cells
play a role in the loss or reduction of cells in the gangtion,
or in other words, these light cells might represent a
group of resting, inactive, dying, dead or degenerating
cefls which will,in course of time, be removed from the
ganglion by phagocytes. It may be noticed thar the loss
or reduction in the total number of cells in the ganglion
is occurring around the time when the light cells make
their first appearance.

Trigeminal ganglion: EI0, the very few (78 cells)
negligible number of light cells
ound on E8 probably have formed
justthen, which is the beginning
of cell death where the total celis,
however, are greater in number.

Geniculate ganglion: E|5, the few (512 cells) fight cells
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found on EI3 probably is the
beginning of an observable cell
death.The cell loss found on EI0
is explained in the Discussion;
probably the removal is too fast
$0 as not to observe the light-
cell stage.

Vestibular ganglion: E}3
Acoustic ganglion:  E13

Prox. G. Comp.
of N. X and X: El3
Petrous ganglion: EIO

Nodose ganglion: Light cells are found even on E6;
earlier stages are not observed

in this gangfion.

Ciliary ganglion: El3
Superior cervical
ganglion: A few (491 cells = 0.38 %) light

cells have appeared only on EI8,
which is probably the beginning
of the appearance of fight cells,
however, on the day of hatching
a gross reduction in the totai
number of cells having an
increased number of light cells is
found. However, in the earlier
stages of cell loss (E13) light cells
are not found.

3. On E18,there is usually a greatly reduced number of
light cells (compared to EI5) in relation to the
tremendously increased number of dark cells
{predominantly smaller categories), most of which are
probably phagocytes (please refer to Part C : Removal
of Dead Cells in the end) {also assumed from the present
results found on the day of hatching where there is a
great loss in the total number of cells in the ganglion).
Itis possikae that the phagocytic activity is so great and
so-fast that the light cell stage is not always observable
since most of these inactive cells are actively removed
from the vicinity of the ganglion before they become
observable. This is a constant feature in all the ganglia
in order to free the tissue from the noxious effects of
the remnants of dead cells before the deficate and young
animal is exposed to an independent living on the day
of hatching.

This is true in all the ganglia studied except a small
difference observed in the superior cervical ganglion
where the light cells have appeared for the first time
only on E|8.

4.a. But on the day of hatching, there is usually a greater
proportion of light cells in the ganglion while there is a
greatly reduced total number of cells because most of
the unwanted cells have been removed by the greatly
increased phagocytic activity found around £8. During
post-hatching period, the light celis are greater in
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number. Probably, most of these light cells are in a
temporary resting or inactive stage; many of them might
become active functional cells again. It is also assumed
that a proportion of the smaller categories of dark cells
might represent the continued presence of phagocytes,
ready to remove the inactive or dead cells.

This is true in all the ganglia studied except Geniculate
ganglion where some differences are found. That is,
here in the geniculate ganglion greatest number of light
cells are found on E15; later the light cells reduced in
number throughout embryonic development,on the day
of hatching as well as in the adult situation.

b. The tiny cells are found to be always dark. The very
smalt type of cells are also found to be dark through
the whole embryonic period till EI8. Later, however,
the light cells have appeared among the very small type
also on the day of hatching, but they may or may not
continue to be present in the adult sicuation. This might
imply that even though the very small type of cells appear
to keep themselves to be an active group till the day of
hatching, and be ready to replace the dead cells occurring
as a result of several adverse factors, ceil death and
degeneration begin among these cells also as from the
day of hatching. it may be assumed that normaily there
cannot be any more necessity for the establishment of
new functional projections after the day of hatching since
all these connections might have been already
established by this time while the animal is ready to
lead an independent living. Therefore, there is no need
for further growth and maturation of this smaller
category of celts and the ceil death begins even among
this very small type of cells as from the day of hatching.
Thus the appearance of light cells among this group
just on the day of hatching is suggestive of evident cellular
inactivity, death and degeneration process.

Trigeminal ganglion:  True : Continue to be present in

the adult

Geniculate ganglion:  True : Disappear in the adult

Vestibular ganglion:  True : Disappear in the adult

Acoustic ganglion:  True : Continue to be present in

the adult

Prox. G. Comp of
Xand X: True : Continue to be presentin

the aduit

Petrous ganglion: True : Continue to be present in

the adult

Nodose ganglion; True : Disappear in the adult

Ciliary ganglion: True : Disappear in the adult
Superior cervical
ganglon: True : Continue to be present in

the adult

5. Even the larger classes of cells (having a diameter
greater than 30 microns) whenever they have appeared
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in the ganglion contain both dark as well as light cells.
(However, the dark and light cells are also found among
smaiter classes as well). This contradicts the descriptions
of many earlier workers {26, 27, 28) that the ganglion
contains smail dark cells and large light cells and also
contradicts their attribution of different functions to
these cells because, in the present study the dark and
light cells are found distributed among al categories
whose diameter is greater than 10 microns irrespective
of their small or large size. Therefore, such classification
and functional attribution are disputed.

Trigeminal ganglion:  E13,EI8, on the day of hatching
and adult; on EI5 these larger
classes of cells have totally

disappeared

Geniculate ganglion: E13 and adult; on E£E5 and EI8
the larger classes of cells have
totally disappeared; on the day of
hatching only dark cells are found.

On the day of hatching and adult
when these larger classes of cells
have appeared.

Vestibufar ganglion:

Acoustic ganglion: Such large class of cells has never

appeared in the ganglion

Prox. G. Comp. of
X and X: El15, day of hatching and adult
when the larger classes of cells
have appeared, On EI8 these
larger classes have totaily

disappeared

Petrous ganglion: Such large class of cells has never

appeared

E13, EI5, day of hatching and
adult when these larger classes
of cells have appeared. On E18
only dark cells are found among
them.

Nedose ganglion:

Ciliary ganglion: In the adult, only when these
larger classes of cells have

appeared

Superior cervical
ganglion: Such large class of cells has never

appeared

6. The light cells continue to be present in the ganglion
even in the adult situation while the total number of
cells also continue to reduce, This is probably due to
cellular inactivity and death as a result of ageing process
while the functional reduction or functional loss is found
in ali organs including the organs of special sensibility
and nervous control. This factor is uniformly noticed in
all the ganglia studied.

7. The number of light cells lostin the ganglion is almost
equal to the loss in the total number of cells,at a stage



while the proliferation has stopped or reduced as
evidenced by the number of tiny cells. Even though
such condition is observed in a few instances in the
whole investigation, this cannot be neglected as invalid
because such incidence or circumstance cannot be
expected to occur frequently in a constantly changing
life cycle in the ontogeny, when such a change has to
coincide with the time of observation,

Petrous ganglion: Compare the results on the day
and of hatching and the and adult
Superiorcervical situation, at a time while the tiny
ganglion: cells are almost equal in number
which indicates the stoppage of
proliferative activity.

8. In the early stages of development, anly dark cells
are found in all the ganglia studied in the present saries
of investigation indicating that these are active cells.
The light ceils appear only after certain period of
embryonic growth, probably at a time when the cells
fait to establish proper functional projection onto their
innervation fields. For example, in the present study,
the structural evidence of the occurrence of light cells
in the trigeminal ganglion on E8 seems to coincide
with the appearance of physiclogical evidence
occurring on the same embryonic day (E8) of exhibiting
reflexogenic response to tactile stimulus of the bealk
of the chick embryo (29). Similarly there are
suggestions {22,26) that the placode-derived neurones
in the trigeminal gangliocn have well-established
peripheral projections by the end of the first week of
incubation. In contrast, the neurones derived from
the neural crest in the trigeminal ganglion (30,31) do
not cease dividing until the seventh day of incubation.
It may be recalled that the process-formation of
neurones begins after the terminal mitasis which is
considered as neurone’s birth date (31}, Even though
there is a slight variation in these suggestions given by
different workers, it may be assumed that such
degeneration is quite likely to happen arouad the
seventh day of incubation. Thus the coincidence of
appearance of light cells in the trigeminal ganglion in
the present study indicating ceil death on their failure
to form proper connections suits very well with ail
these descriptions. However, similar physiclogical
observations and reports for other ganglia are not
available in the literature in order to make a
comparisen with the resuits in other ganglia studied
in the present series of investigation.

9. It may also noticed that the light cells appear in the
ganglion for the first time usually among small and
medium sized cells (having a diameter of [ | - 20 microns)
and later once they grow into larger classes, the light
cells continue to be present among them. This is
suggestive that the establishment of functionai projection
begins during this stage and that once they are unable
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to make functional connections, these cells become
inactive or die and change into light coloured cells on
staining. Such light cells may represent cellular inactivity
or death. The light cells among larger classes may also
represent celluiar inactivity or death during successive
growth periods, before establishing functional
connections which may be due to any defect, either
within the cell, in the micro-environment, inadequate
supply of nerve growth factor (neurotrophic factor), or
to ageing process in the case of adult.

[0. However, it may be thought that the period of active
cell loss (death) coincides with the period of active
establishment of functional connections and in the
present study, this period varies from ganglion to
ganglion. This may be judged by the time of occurrence
of light cells for the first time in the ganglion. However,
this active establishment of functional connections may
extend for longer periods as indicated by greater celiular
loss in other stages. The foliowing stages show the time
of first appearance of light cells in the ganglion.

Trigeminal ganglion: E8
Genicuiate ganglion: EI3

Vestibular ganglion:  Eé, even though light cells are

missing on E8 and E1Q
Acoustic ganglion:  EI3
Prox. G. Comp. of

N. IXand X EI3

Petrous ganglion: EIO

Nodose ganglion: Eé,early and frank appearance of
iight cells

Ciliary ganglion: EI3

Superior cervical

gangfion: Ef8

The descriptions of the dark and light neurones by
different investigators in different animals vary greatly
in availzble literature. Some of these conflicting views
from the literature which are considered more useful
are described below. Some investigators (9, 26) have
described in the trigeminal ganglion of the chick that
the large neurones contain many isolated clumps of
basophilic material in a neurofilament-rich cytoplasmic
matrix having a diameter ranging from 19 - 40 microns
and that the smaller neurones having a diameter ranging
from 11 - 30 microns tend to be multipolar and have a
greater concentration of ribosomes and granular
endoplasmic reticulum which are dispersed through a
dense matrix, Based on their staining properties, these
larger ones are called fight neurones and the smaller
ones are called dark neurones. In the adult rats,
trigeminal neurones have been classified into dark and
light types on the basis of distribution of cytoplasmic
organelles within the neurones and on the relative
density of cytoplasm (7, 12,24). In a comparative ultra-
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structural study of the trigeminal ganglion (8) small
dark cells were densely packed with rough endoplasmic
reticulum and ribosomes, and large light cells with a
dispersed and occasionally clumped ergastoplasm. It
may be noticed that the classification (9, 26) of dark
(small) and light {large} neurones overlap in size.
However, all the above investigators have found that
the dark (smaller) neurones have a greater
concentration of ribosomes and granular endoplasmic
reticulum, which is suggestive of a more active role than
that of their lighter (larger) counterparts. This
observation also supports the present results that the
dark cells represent a group of active cells and the light
cells represent a group of resting, inactive, dying, dead
or degenerating cells.

However, in subsequent reports on human autopsied
trigeminal ganglia, it was not easy for these workers
(25) to readily identify dark and light neurones. The
majority of cells were intermediate in appearance. On
rare occasions when they did observe these two
neurcnat types, the cefls differed only in their cytoplasmic
density and not in the arrangement of any of their
organelles. These observations led these investigators
to conclude that the darl and light cells were not real
entities, but resulted from fluid-shifts between the cells
in question and the surrounding extra-cellular spaces,
By the same token, other investigators (32, 33) working
with cat and monley trigeminal ganglia found that if
proper tissue fixation techniques were used, there were
no base for classifying the trigeminal neurenes into darlk
and light cell types. Itis possible that these conflicting
reports given by different investigators may be attributed
to the species difference of the experimental animals
used.

There has been suggestions(26) that shortly before
hatching (E|8 onwards), there appears two classes of
interposed neurones characteristic of the mature
trigeminal ganglion :large light types and small dark type.
Neither of these two populations corresponds uniquely
to either of the two segregated populations (large
peripherally and distaily located cells,and small centrally
and proximally located groups) found in the embryo. In
the present study in the chick, the dual cytology of
neurcnes (dark and light cefls) is found in all the ganglia
studied. They were observed not oaly in the mature
ganglia (from |18® day of incubation to aduit) as stated
by earlier investigators (9,26,27,30, 34, 36), but also in
earlier developmental stages (please refer to the resuits).
It is not clear whether the above workers failed to
observe these classes of cells in earlier developmental
stages because of unrefiable staining techniques or
whether they did not attempt to investigate their
presence during early embryonic periods. It is also
noticed in the present investigation that in the early
stages of development, only dark cells are found in ali
the ganglia. The light cells begin to appear only after
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certain period of embryonic growth which varies from
ganglion to ganglion : probably the time of their
occurrence coincides with their faiture to establish
proper functional projection to their innervation fields,
For example, in the present study in the trigeminal
ganglion, the light cells have appeared for the first time
on E8 which seems to coincide with the day (E8) of
establishment of functional connections as observed on
the basis of the presence of reflexogenic responses to
tactile stimulus of the beak (29).

It is frequently suggested {18,26,27,30,31, 37, 38) that
the large light and small dark neurcnes found in the
trigeminal ganglion are correlated with the dual
embryonic origin as derived from both the epidermal
placode and neural crest. Through most of the second
weel of development the farge cells are found in the
distal and ventro-lateral parts of the ganglion and the
small cells are found in the proximal {(core) and medio-
dorsal parts (39,40). Even though the present study is
not aimed at finding out the embryological origin of
these two categories of cells, the segregation of large
cells in the distal and ventro-iateral parts and the small
cells in the proximat (core) and medio-dorsal parts of
the ganglion is evident from the present results similar
to these findings.

Also there is both circumstantial and direct evidence
that cytological dichotomy in the adult ganglion is not
based on separate embryological origin. First, other
sensory ganglia that are exclusively of neural crest origin
such as trunk dorsal root ganglia, or of placodal origin
such as acoustic ganglion have both dark and fight types
of neurcnes in the present study. Simitar view has been
advocated by previous investigators (41, 42) also. In
addition, the light and dark neurones are found
interspersed at random throughout the ganglion during
embryonic development and post-hatching periods in
the present study, whereas the segregation of ¢crest and
placode-derived neurones (smal dark and farge light
cells respectively) are found only in the embryo. Both
transplantation experiments (27) and birth-date analysis
(3t) have proved that neurones from each of these
anlagen retain their original separate locations during
later stages of development and maturation. Thus the
dual cytology of the mature trigeminal ganglion is not
based on separate embryonic origins.

Since there is no clear evidence of trigeminal neuron
projection to the solitary nuclear complex which
normally receives only visceral input (43,44, 45), there
should be no visceral neurones in the trigeminal ganglion.
The work on trigeminal ganglion (28) have demonstrated
that the trigeminal ganglion had the smallest proportion
of dark cells (46.8 %) whereas in the proximal ganglionic
complex of the cranial nerves IX and X and the distal
ganglion of cranial nerve IX the proportion of the dark
cells was much greater (84.7 % and 70.3 % respectively).



Since these two ganglia have both somatic and visceral
neurones (46) the large proportion of small dark cells
suggests that at least some of the darlc ceils are visceral
neurones. In a work on spinal ganglia (47), the visceral
neurcnes had a tendency to be smaller than somatic
neurcnes, | this is true, then the larger portion of dark
cells in the proximal ganglionic complex of cranial nerves
X and X observed by the above workers suggests that
this ganglion has more visceral neurones than the distal
ganglion of cranial nerve IX. The specific functional
attribution for the neurones, based only on size
difference (small and large cells) or staining properties
{dark and light cells) as suggested by the above-
mentioned workers, however, could not be confirmed
in the present study because of the following reasons :
a) In the present investigation in the chick in the adult
situation, even though the proportion of dark cells in
the proximal ganglionic complex of cranial nerves 1X
and X (82.08 %) and that of the petrous ganglion of
cranial nerve IX (62.5 %) are very close to the
observations of the above mentioned workers in the
same ganglia, the proportion of the darlk cells found in
the trigeminal gangfion (80.04 %) in the present study is
quite different from that (46.8 %) observed by these
investigators, This suggests that such proportion of dark
and light cells in the ganglion might not be a constant
factor so as to generalise their functional significance
as has been suggested by them, or such changes could
be due to species difference of the experimental animals
as well. b) In the above-mentioned ganglia as well as in
other ganglia studied in the present series of
investigation, the proportion of dark and light cells shows
a constant fluctuation through the whole ontogeny,ie.,
during embryonic period, on the day of hatching as well
as in the adult situation. Therefore, simitar observation
done at any one stage of the whole life cycle cannot
prove valuable or give concrete evidence for such
functional attribution for any cell. ¢} Again, this
proportion of dark and light cells in the same ganglion
is strikingly different in the adult situation even that
observed on the day of hatching. The fluctuations in
the number of these cells observed during development
are considered as a necessary change for the
establishment of a suitable functional organisation in
the animal. However, similar suggestion cannot be
attributed to an animal on the day of hatching, a stage
while the animal is already prepared for an independent
tiving (just as the adult animals themselves). d) In the
adult situation, in all the ganglia studied in the present
series of investigation, there is not only a change in the
proportion of dark and light cells but also a great
reduction in the total number of cells in the ganglion.
Similar variation again confirms that such method of
functional attribution of cells, that too found just on
one stage of a long life-cycle, and just on the basis of
their staining characteristics cannot be validated because
this staining characteristics may change in different
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conditions such as change in pH and functional state of
that particular cell. Thus, on analysing the results in the
present series of investigation, it is assumed that the
light cells represent a group of resting, inactive, dying,
dead or degenerating cells and the dark cells represent
a group of functionally active cells in the ganglion. It is
also assumed that the time of appearance of light cells
in the ganglion is directly related to the onset of
establishment of functional connections whose
importance is related to the organs which their fibres
supply, for example, early appearance of light cells in
the nodose ganglion is probably related to the functional
importance of the vagus nerve which supplies the vital
organs such as the heart, lungs and alimentary canal
which should be properly innervated as early as possible.

It is also thought useful to quote the views of a few
earlier investigators on Cell Death and Degeneration,
and Removal of Dead Cells in order to complete the
full evaluation of the dark and light cells. In this view,
the following peints are given for relevant reference.

B. Cell Death and Degeneration

One feature of development of many parts of the
nervous system is the occurrence of two opposing
processes : cellular proliferation which leads to the
production of large numbers of neurones and massive
cellular degeneration which results in the loss of many
of these same neurones. These two processes ultimately
contrel the final number of neurones of a neural centre.
Even though no attempt was taken to investigate the
purpose, reasons or ways of causing celf death which
occur in different ganglia studied in the present series
of investigation, the suggestions of some of the earlier
investigators which are found suitable are given below
in order to supplement the present assumption derived
from a critical analysis of all these results. In the present
study, cell death occurs mainly around E10 - E13 after
which the gangiion prepares itself for a massive
phagocytic activity which nearly comes to an end by
the day of hatching. This resembles the descriptions
(48} that there are corresponding and paralle! changes
in the brain stem auditory nuclei and their peripheral
ganglionic projections.

The observations (48,49, 50,5[) support the idea that
it is the events in the target tissue (i.e., the periphery)
which normally regulate cell survival. They
demonstrated that the periphery both controls the
profiferation and initial differentiation of undifferentiated
cells and also provides the conditions necessary for
continued growth and maintenance of neurones in
stages following the first outgrowth of neurites. Several
experiments (49, 52, 53, 54, 55, 56, 57, 58, 59) have led
to a general acceptance of the idea that neuronal death
regulates nerve cell numbers in response to peripherat
demands by eliminating those nerve cells whose fibres
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fail to establish proper peripherai connections. There
are evidences {51, 53, 60} suggesting that events at the
target tissue controlling normal cell-death, involve the
notion of either a competition between naurones for a
limited number of synaptic sites and / or for a limited
amount of trophic substances supplied by the target.
Failure of the neurones to either make or receive the
approptiate synaptic connections has been attributed
to most neuronal deaths during embryogenesis (51,61).
It also seems more likely that the main function of cell
death in this system is probably to remove redundant
neurones which though being in the correct muscle,
have failed to form a contact (62). According to this
argument, the nervous system is programmed to over-
produce cells in order to saturate the target and insure
that ail muscle fibers become innervated. The cell death
presumably plays a role in the normal formation of
orderly connections.

In some experiments {52, 60) in which it has been
possible to experimentally enlarge the projection fields
of the neuronal population, or to increase the number
of afferents which it receives (a technigue known to
experimental neuro-embryologists as" peripheral over
loading or peripheral enlargement") the number of
neurones found in the population at fater stages of
development has been significantly greater than normal,
fn contrast to these experiments, peripheral ablation
experiments (48,57,58,60) have shown that the severity
of the normal neuronal degeneration is much increased
resuiting in the additional ceil death usually occurring
over the same period as the naturally occurring neuronal
loss. That is, natural cell death is known to be greatly
enhanced by peripheral depletion.

Frem the available evidence, it is convincing to accept
the idea that the peripheral influences, peripheral
demands, trophic factors supplied by the target organs
etc are important factors in controlling the neuronal
death and the number of functional neurones available
in the ganglia and that the neuronal death plays a role in
the normal formation of orderly connections.

C. Removal of Dead Celis

Several investigators have suggested that macrophages
are important in removing debris of dead cells (63).
Different sources of these macrophages have been
suggested. One possibility is the transformation of
mononuclear leucocytes in the circulatory system into
tissue macrophages {64, 65, 66, 67}. It has also been
demonstrated (68) many radioactively labelled
mononuclear leukocytes can infilerate into nervous
system and aggregate around damaged nervous tissue.
There is also electron-microscopic evidence that the
leukocytes invade nervous system by crossing through
the wall of the blood capillaries (69). It has also been
demonstrated in an ultra-structural study {70) that the
phagocytic cells contain neurcnal debris that exhibit

44

most of the characteristics of mononuclear leukocytes.
The phagocytic activity of the sateifite cells in the chick
embryonic spinal ganglia are attributed o the removal
of cellular debris of degenerated cell {71) during early
development. There are also reports (72, 73) that
phagocytosis is accomplished by glial ceils. However,
some investigators (74) believe that the degenerating
cells produce hydrolytic enzymes for their own
degeneration. Therefore, there is obvious reason to
believe that the leukocytes from the biood stream can
penetrate through the wall of the capillaries into the
nervous system and function as tissue macrophages to
remove the neuronal debris during cell death and that
the glial and satellite cells also can act as phagocytes.
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CHANGES IN SERUM PROTEINS, ERYTHROCYTE
SEDIMENTATION RATE AND MANTOUX TUBERCULIN
SKINTEST REACTIVITY IN ACTIVE TUBERCULOSIS
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ABSTRACT: The records of 141 consecutive patients with proven tuberculosis (TB)
were reviewed to examine for changes in their serum proteins, erythrocyte sedimenta-
tion rate (ESR) and tuberculin skin test reactivity. Hypoalbuminaemia was present in
73% of patients and hyperglobulinaemia was seen in 92% of patients, ESR showed a
negative correlation with the serum albumin level but a positive correlation with the
serum globulin level. In the case of pulmonary TB, ESR was higher in patients with
radiologically more extensive disease. Tuberculin reactivity was reduced in patients
who were older, those with more severe hypoalbuminaemia and those with dissemi-

nated TB. (JUMMEC 1998 1&2; 47-53)

KEYWORDS: Albumin, erythrocyte sedimentation rate, globulin, tuberculin reactiv-

ity, tuberculosis

Introduction

Protein-energy undernutrition and hypoalbuminaemia are
common observations in patients with active tuberculosis
(TB). (1-8) The tuberculin skin test response in TB is
related to the nutritional status of the patient which is
reflected by the serum albumin fevel (9-11). Negative
response to tuberculin may be seen in 8% to 30% of
patients with active TB (1,12,13). Hyperglobulinaemia is
a feature in patients with newly diagnosed TB and is mainly
due to an increase in the gamma-globulin fraction (1,5).
The erythrocyte sedimentation rate (ESR} is usually raised
inactiveTB (I,13,14) but a normal value does not exclude
active disease {15).

The objectives of this study are |) to determine the
frequency of abnormalities in the levels of serum
albumin and globuiin in a group of Malaysian patients
with newly diagnosed TB, and 2} to examine the
relationships between the different forms of TB and
their severity on the one hand,and the serum albumin
level, globulin level, ESR and tuberculin skin test
reactivity, on the other.

Patients and methods

This is a retrospective analysis of patients with TB
diagnosed at the University Hospital, Kuala Lumpur. The
records of consecutive patients with newly diagnosed
TB which was proven by bacteriology and/or histology

in the hospital from September 1994 to December 1996
ware reviewed. Confirmation of the diagnosis of TB
was based on one or more of the following criteria in
the relevant tissue or specimen: 1) positive smear for
acid-fast bacilli {(AFB} by the Ziehl-Neelson method, 2)
positive culture for Mycobacterium tuberculosis in
Lowenstein-jensen medium, and 3) typical histology
showing epithelioid granulomas with or without caseous
necrosis and with or without positive staining for AFB.
Disseminated TB was considered to be present when
the chest radiograph showed miliary mottling in both
lung fields and at Jeast one of the above three criteria
was met or when TB could be proven in at least two
different organs.

Blood specimens were taken from patients with newly
diagnosed TB for the measurement of ESR and liver
function test which included serum total protein and
albumin. The level of serum total globulin for each
patient was obtained by subtracting the level of serum
albumin from the total protein measured at the same
time, ESR was considered elevated if it exceeded 35
mm/hr for elderly patients aged 65 years and above
and for those below 65 years, if it exceeded 10mm/hr
for male patients and 20 mm/hr for female patients.
Testing for HIV antibody was not routinely done uniess
a patient belonged to a high risk category or other
acquired immunodeficiency syndrome (AIDS) defining
illnesses were present,
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Plain postero-anterior chest radiographs taken at the
time of presentation were reviewed and graded | to 6
to assess the extent of pulmonary disease (Table i) (16).
The Mantoux test was performed by injecting 10
tuberculin units of Tween-80 stabilised purified protein
derivative (PPD) (CSL Limited, Victoria, Australia)
intradermally into the ventral surface of the upper part
of the forearm and reactions were read at 72 hours.
Reactions with indurations of 10 mm or more in
diameter measured across the transverse axis of the
forearm were regarded as positive and those with no
induration or with indurations of less than 10 mm in
diameter were considered negative {10,12,13,17,18).

Resuits were expressed as mean (+ one standard deviation).
Correlation coefficients (r) between variables were
determined by simple linear regression analysis, Statistical
comparisons of continuous variables were assessed by
unpaired Student’s t-test and analysis of variance using the
Newman-Keuls multiple comparison technique.
Categorical data were analysed using chi-square test (%)
or the fisher’s exact test. P values of less than 0.05 were
accepted as statistically significant.

Resuits

Patient characteristics

During the period of review, tuberculosis was diagnosed
and confirmed in 141 patients (87 male, 54 female) in
the hospital. Table 2 summarises the distribution of
the methods of confirming the diagnosis of TB. There
were 77 (54.6%) cases of pulmonary TB of which 19
cases were associated with pleural effusions (Table 3).
Thirty-one patients had pleural TB without chest
radiographic evidence of lung parenchymal infiltrate, 15
had tuberculous lymphadenitis, |4 had disseminated TB
and four had bone and/or joint TB. The age distribution
of the patients is shown in Figure 1. The mean age of

Table L. Grading of anatomical extent of lung
involvement in pulmonary tuberculosis (16)

. Trivial: that is, minimal lesions which the assessor
regarded, purely on radiographic grounds, as inactive

2. Slight: that is, minimal or rather larger lesions which
he regarded as radiographically active

3. Limited:that s, lesions of greater extent than in (2)
but involving a total area of lung less than that
occupied by the right upper lobe as visualized on a
posteroanterior radiograph

4. Moderate: that is, lesions of greater extent than in
(3) but whose total extent, even if bilateral, did not
exceed an area equivalent to the whole of one lung

5. Extensive: that is, lesions which involved an area of
more than the whole of one lung

6. Gross:that is, very extensive bilateral disease
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the patients was 41.2 (¥ 17.0) years (range, 17 - 84
years), Seventy-five (53.2%) patients were aged 40 years
or below while |7 (12. | %) were 65 years or older.
The mean age of male patients, 41.9 (= 16.9) years was
not significantly different from the mean age of female
patients which was 40.0 (£ 17.3) years (p = 0.516)}.The
mean age of patients with lymph node TB, 27.3 (£ 9.5)
years was significantly younger than those of patients
with the other forms of TB; while patients with
pulmonary TB alone was significantly older than the
other patients {(p = 0.003) {Table 3}. Of the 50 patients
who had pleural involvement by TB, those without chest
radiograph evidence of ung infiltrate (n = 3[) was
younger [mean age 38.4 (£ 17.1) years] than those with

No. of patients
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Figure |. Age distribution of patients with tuberculosis

Table 2. Methods of confirming the diagnosis of
tuberculosis

Bacteriological or histé'ihégicai confirmation™® No. of
patients¥

Sputum smear- and culture-.p;c‘aéitive 47

Bronchial washing smear- and culture-positive 8

Bronchial washing smear-negative

but culture-positive 7

Bronchizal biopsy positive histology 8

Lung biopsy positive histology 4

Pleural biopsy positive histology 49

Pleural effusion culture-positive

Lymph node biopsy positive histology I

Vertebral biopsy positive histology

Psoas abscess culture-positive

Hip joint synovial biopsy positive histology
Liver biopsy positive histology
Pericardial biopsy positive histology

- — — — oMo —

Peritoneal biopsy positive histology

*Smear-positive for acid-fast bacilli; or culture-positive
for Mycobacterium tuberculosis; or biopsy showing
epithelioid granulomas with or without caseating necrosis
and with or without the presence of acid-fast bacilli

#Seven patients had positive results from 2 diagnostic
procedures



of lung infiltrates (n = 19) [mean age 39.3 (+ 15.1) years].
However, this difference did not reach statistical
significance.

The distribution of the radiographic extent of lung
involvement in the 77 patients who had pulmenary TB
with or without pleural involvement is shown in Table
4. There was no relationship between the radiographic
extent of lung involvement and the age of the patient.

The most common underlying disease was diabetes
mellitus which was present in 35 patients. AIDS was
present in thiree patients with pulmonary TB, one patient
with pulmonary TB accompanied by pleural involvement
and three patients with lymph node TB. One patient
with CD4+ T-lymphocytopenia of unknown cause had
pulimonary TB. Three patients had end-stage renal failure,
Four patients were on prednisolone for underlying
collagen vascular disease and one was receiving
cytotoxic chemotherapy for seminoma.

Tuberculin skin test (Mantoux test}

Eighty-four (59.6%) patients showed positive
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reactions to the Mantoux test. All seven patients
with AIDS and the patient with idiopathic CD4+ T
lymphocytopenia did not react to the Mantoux test,
Excluding these eight patients {mean age, 31.5 years,
range 24 - 46 years) who had obvicus reasons for
nonreactivity to the tuberculin skin test, patients who
were Mantoux test negative (=49}, whose mean age
was 46.2 (£ 17.0) years, were significantly older than
patients who were Mantoux test positive, mean age
39.1 (£ 17.0} years (p = 0.021). Significantly more
patients with disseminated TB were Mantoux test
negative than Mantoux positive (p = 0.02) (Table 5).
There was no relationship between Mantoux test
reactivity and the radiographic extent of lung
involvement in pulmonary TB with or without pleural
involvement {Table 6). Although seven (58.3%) out
of 12 patients with grade 5 and 6 chest radiograph
changes were Mantoux test negative, this proportion
was not significantly higher than that of 18 (31.3%)
of 65 patients with lower grades of X-ray changes
who were also Mantoux test negative (y? =3.053,p =
0.081).

Table 3. Type of tuberculosis and age, serum albumin and globulin leveis, and ESR

Type of tuberculosis

(n=141) year

Fulmonary TB alone 58 46.8 (17.2)
Pulmonary TB with

pleurzal involvement 19 39.3 (I5.1)
Pleural TB alone 31 384 (17.1)
Lymph node TB i5 273 (9.5
Bone and/or joint TB 4 398 (I11.4)
Disseminated TB [4 42.0 (18.0)

No.of patients Meanage  Mean serum albuming#  Mean serum globulin®  Mean ESR

e ) gl .. mm/hr
27.8 (7.2) 46.t (7.9) 69.0 (40.0)
28.3 (6.2) 48.5 (9.9) 58.2 (44.1)
29.6 (5.5) 45.4 (6.5) 76.9 (30.6)
34.6 (7.5) 48.7 (9.3) 73.2 (46.3)
318 (9.2) 47.0 72.6 (47.6)
28.1 (6.3) 49.1 (12.5) 66.1 (45.2)

# |36 patients:pulmonary TB alone (58 patients), pulmonary TB with pleural involvement (18), pleural TB alone (29),
tymph node TB (13), bone and/or joint TB (4), disseminated TB (14)

* 97 patients: pulmonary TB alone (30 patients), pulmonary TB with pleural involvement (| 7), pleurai TB alone (28),
lymph node TB (11), bone and/or joint TB {1}, disseminated TB (10)

Numbers in parentheses are the standard deviations

Table 4. Radiographic extent of pulmonary tberculosis and age, serum albumin and globulin levels, and ESR

Grade of chest No. of patients

Mean age  Mean serum albuming  Mean serum globulin®*  Mean ESR

radiograph extent {(n=77) years g g/l mm/hr
2 4 545 (5.5 343 (2.1) 40.3 (4.2) 23.8 (29.0
3 33 46.0 (19.4) 29.1 (6.9) 46.6 (9.1) 67.6 (38.1)
4 28 43.8 (15.1) 27.5(6.9) 46.7 (9.3) 59.6 (35.6)
5 9 46.8 (14.9) 24.0 (6.4) 508 (7.1) 1616 (18.3)
6 3 250 {6.9) 227 (5.8) 51.7 (5.0) 78.0 (46.9)

# 76 patients: grade 2 (4 patients), grade 3 (32), grade 4 (28), grade 5 (9), grade 6 (3)
* 47 patients: grade 2 (3 patients), grade 3 (22), grade 4 (I5), grade 5 (4), grade 6 (3)

Numbers in parentheses are the standard deviations
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Serum albumin and total globulin levels

The liver function test including the serum albumin
was not performed in 5 patients while an additional
39 patients did not have the serum total protein
measured so the serum globulin levels for these
patients could not be calculated. The mean serum
albumin level of the patients at the time of diagnosis
was 29.0 (t 6.9) g/l (range, 12 - 45 g/l} (n = 1386).
Hypoalbuminaemia (serum albumin tevel less than 34
g/l, the lower limit of normal in our laboratory) was
present in 72.8% {99/136) of patients at diagnosis
before commencement of anti-tuberculosis treatment.
The serum albumin level showed a medest negative
correlation with the patient’s age (r = -0.199,p = 0.02).
Patients with lymph node TB had the highest mean
serum albumin level at 34.6 (£7.5) g/t and this was
significantly higher than those of patients with the other
forms of TB (p = 0.038) (Table 3). Patients who had
pulmonary TB alene had a significantly lower mean
serum atbumin level at 27.8 {+ 7.2} g/l compared to
patients with the other forms of TB.

In patients with pulmonary TB with or without pleural
involvemnent, those with chest radiographs showing
more extensive lung involvement tended to have lower
serum albumin levels although the differences in
albumin levels of patients with the various grades of
radiographic extent were not significant {Table 4). The
mean serum albumin level of Mantoux test positive
patients {n = 79) which was 3[.0 (+ 6.1} g/, was
significantly higher than the mean serum albumin level

Table 5. Types of tuberculosis and Mantoux test reaction

MNo. of patients
o

8 113 12,131

ESR {mm hr ')
Figure 2. Distribution of ESR in patients with tuberculosis

of 26.4 (= 7.1) g/l of patients who were Mantoux test
negative (n = 5 7) {p <0.00 ).

The mean serum total globulin level of the patients
before the commencement of anti-tuberculosis
chemotherapy was 46.9 (+ 8.5) g/l (range, 26 - 70 g/l
(n = 97). There was no significant correlation between
the serum zlbumin and globulin levels (r = -0.094,p =
0.362). Hyperglobulinaemia (serum globulin above 35
g1} was seen in 93.8% (91/97) of patients. The serum
globulin level also showed a modest negative correlation
with age (r = -0.205, p = 0.044). The serum globulin
level was not affected by the form of TB (Table 3) or
the extent of lung involvement in patients with
pulmonary TB with or without pleural disease (Table
4). The mean serum globulin level of Mantoux test
positive patients {(n = 62}, 47.1 (£ 7.9) g/l was not

Type of tuberculosis Mantoux positive patien

ts (%) Mantoux negative patients (%) P value
{n = 84) {n = 57)
Puimonary TB alone 37 (44%) 21 (37%) 0.497
Pulmonary TB with pleural involvement 12 (14%) 7 (12%) 0.928
Pleural TB alone 19 (23%) (21%) 0.589
Lymph node TB 1 (13%) 4 (7%) 0.282
Bone and/or joint TB I (1%) 3 (5% 0.303
Disseminated TB 4 (5%) i0 (I 8%) 0.02

Table 6. Extent of lung involvement on chest radiograph and Mantoux test reaction in patients with pulmonary

tuberculosis with or without pleural involvement

Grading of extent of lung Mantoux positive patients (%) Mantoux negative patients (%) P value
invelvement on chest radiograph {n =52} {n=25)
! 0 0
2 2 (4%) 2 (8%) 0.592
3 4 (46%) 9 (36%) 0.551
4 2I (40%) 7 (28%) 0.421
5 3 (6%) 6 (24%) 0.051
6 2 {4%) I (4%) 0.698
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significantly different from that of Mantoux test negative
patients (n = 35) which was 46.6 (£ 9.7} g/l (p = 0.759).

Erythrocyte sedimentation rate

The ESR distribution is shown in Figure 2. The mean
ESR of the patients was 69.6 (£ 38.9) mm/hr (range, 2 -
150 mm/hr). The mean ESR of male patients, 67.8 (+
39.3) mm/hr was lower than the mean ESR of female
patients which was 72.4 {+ 38.4) mm/hr. The difference,
however, was not statistically significant (b= 0.502).The
ESR was not elevated in 18 (12.8%) patients. These
patients included two out of 17 who were aged 65 years
and above. In patients younger than 65 years, 9 of 75
male patients and 7 of 49 female patients had normal
ESR. There was no relationship between ESR and the
patient’s age. The ESR showed a weak negative
correlation with the serum atbumin fevel (r = -0.32, p
<0.00 1) but a weak posit ive correlation with the serum
globulin level {r = 0.213, p = 0.036). No differences in
the ESR were observed with respect to the various
forms of TB (Table 3). In the case of pulmonary TB with
or without pleural involvement, the ESR of patients with
grade 5 and grade é chest X-ray changes was higher
than the ESR of those with radiologically less extensive
lung involvermnent (Table 4} (p = 0.005). The mean ESR
of Mantoux test positive patients, 67.0 (+ 37.0) mm/hr,
was not significantly different from that of Mantoux test
negative patients, 734 (& 41.6) mm/hr (p = 0.339).

Discussion

This study confirms the observation of other
investigators  that hypoalbuminaemia (2-8) and
hyperglobulinaemia (1.5) are common in patients with
active TB. Hypoalbuminaemia was present in 73% of the
patients and 92% of them had hyperglobulinaemia, The
serum albumin level showed a negative correlation with
the patient’s age and in the case of pulmonary TB, a
negative correfation with the radiographic extent of fung
involvement, Chan et al (19) found that low serum
atbumin level is more common in patients with TB who
are older than 65 years. Patients with lymph node TB in
the present study had significantly higher serum albumin
levels than patients with the other forms of TB, This is
probably related to the fact that the patients with lymph
node TB were significantly younger than the rest. In a
study on pulmonary tuberculosis, (20) 2 negative
correlation was simifarly demonstrated between the
serum albumin level and the radiographic extent of lung
disease. Other workers (2 ) have also shown that patients
with whole lung TB to have lower serum albumin than
those with nonwhole lung TB. Deficit in the nutritional
status as assessed by anthropometric measurements,
hand-grip dynamometry and serum albumin in patients
with pulmonary TB has been shown to increase with the
radiographic extent of the disease. (3)
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In patients with TB, there is a decrease in serum total
protein and albumin with a corresponding increase in
globulin, mainly due to an increase in gamma-globulin
fraction.(5,7 ) Total plasma globulin consists of alpha-
berta- and gamma-globulins or immunoglobulins. Serum
levels of beta- and gamma-globulins, particularly lgG and
IgM and acute phase proteins including alpha -
antitrypsin and haptoglobulin are increased in active
pulmonary TB.(8,22) In the present study, the serum
globulin level showed a negative correlation with age.
However, there was no refationship between the serum
giobulin level and the type of TB, the extent of lung
involvement in patients with pulmonary TB, or Mantoux
test reactivity. Onwubalili et af (1) found no correfation
between cellular immunity and the levels of serum
immunoglobulins in patients with active TB,

The Mantoux test response in tuberculosis has been
shown to be related to the serum albumin level and the
nutritional status of the patient, (9-11) Although no
relationship between the serum globulin level and
Mantoux test reactivity was found in the present study,
hypoalbuminaemia was worse in patients who were
Mantoux test negative. As the patient’s nutritional status
is reflected by his serum albumin tevel, (1,2,23,24) a
higher serum albumin level would mean a better cellular
immunity, delayed hypersensitivity reaction and
cutaneous reactivity to tuberculin. (21} Malnutrition is
a well documented cause of cutaneous anergy. (10)
Non-reactors to tuberculin skin test among patients
with untreated TB have been found to be more
malnourished in one study.(11) The same study also
showed an increase in dermal reactivity to tuberculin
as abnormal nutrition-related indices improved during
anti-tuberculous chemotherapy which supports the
notion that tuberculin skin anergy in patients with TB
may be a temporary phenomenon.([2)

fn the present study, negative tuberculin skin test was
seen in about 40% of patients, 2 proportion which is
comparable to that of 30% in a study by Onwubalili and
colleague (1) but much higher than that of 8% reported
by Maher et af (12) and 16% of patients with pulmonary
TB ina BCG vaccinated area reported by Mussain et al,
(13) The acquisition of tuberculin sensitivity as a result
of previous vaccination with Bacille Calmette-Guerin
(BCG) makes the interpretation of tuberculin skin test
more difficult. (17 ) As this is a retrospective study, the
number of patients who had baen vaccinated with BCG
was not known. There is no reliable way to distinguish
tuberculin reactions due to BCG vaccination from those
due to natural mycobacterial infection. Tuberculin
sensitivity induced by BCG vaccination often diminishes
considerably over a period of years. The longer the
period between vaccination and skin testing, the less
likely it is that a farge reaction is due to the BCG. Unless
tuberculin seasitivity is maintained by repeated
tuberculin testing, repeated vaccination, or repeated
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mycobacterial infections, most persons vaccinated ten
or more years ago are unlikely to manifest large
reactions to tuberculin {I7), The pathophysiology and
immunology of the disease may be modulated due to
vaccine intervention. However little is known regarding
the pathophysiclogy of tuberculosis foliowing BCG
vaccination.

As reported in previous studies, {12,25,26) TB patients
who were Mantoux test negative were older than
Mantoux test positive patients in the present study.
Patients with disseminated TB were more likely 1o be
non-reactive to tuberculin.

In the study by Hussain et ai, (13) tuberculin test
responsiveness as measured by the size of skin
induration was found to have a negative correlation with
the extent of lung involvement in pulmonary T8, Other
researchers have also found tuberculin skin test anergy
to be more common in TB patients with chest
radiographs showing more advanced or bilateral disease
or miliary changes (12, 21). On the other hand, one
study has demonstrated that celiular immunity as
assessed by in vitro cellular responses and cutaneous
reactivity to tuberculin has no correlation with the
radiological extent of pulmonary TB {I). In this study,
aithough the proportion of pulmonary TB patients who
were Mantoux test negative was higher in those with
radiologically mare extensive lung infiltrates compared
to those with radiologically less extensive disease, the
difference was not significant probably because of the
small number of patients in the former category.

The ESR is usually eievated in active tuberculosis
(1,13,14) but a normal value does not exclude active
disease () as demonstrated by the present study in
which about 13% of the patients had a normal ESR.
Elevated ESR at diagnosis has been found by Maher et
al {12) to be more common among tuberculin skin test
anergic patients. However, the present study did not
find any correlation between the ESR and Mantoux test
reactivity which is similar to the finding by Onwubalili
etal. (1) In the present study, even though the ESR tended
to be higher in Mantoux test negative patients, it was
not significantly different from the ESR in Mantoux
positive patients. The ESR showed a negative correlation
with the serum albumin level but a positive correlation
with the serum globulin level. In the case of pulmonary
TB, the ESR was significantly higher in patients with
radiclogically more extensive disease. A positive
association between the radiological extent of
pulmonary TB and ESR elevation was found in a study
by Yanagisawa et al ., (27} while the study by Hussain et
al (13} finds no such correlation. In the study by
Yanagisawa et al, (27} the ESR in TB patients tends to
be higher in aged subjects but in this study there was
no relationship between the ESR and the patient’s age.

In conclusion, patients with newly diagnosed active TB
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frequently had hypoalbuminaemia and hyperglobulinaemia.
A small proportion of patients with active TB had a normal
ESR. The ESR in patients with pulmonary TB was higher
in those with radiologically more extensive disease.
Cutaneous response to tuberculin is more fikely to be
negative in patients who were older, those with more
severe hypoalbuminaemia and those with disseminated
TB.
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TRANSTHYRETIN GLUI8,A NEW VARIANT ASSOCIATED
WITH FAMILIAL AMYLOID POLYNEUROPATHY
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ABSTRACT: Familial amyloid polyneuropathy is most commonly associated with
variant plasma transthyretin (I'TR) although it has been described in association with
variant apolipoprotein Al and gelsolin, More than 40 TTR variants, all consisting of
single amino acid substitutions distributed widely along the length of the 127 residue
TTR subunit have now been described. We report here a novel TTR vartant, Glulg, in
a Colombian woman with TTR amyloidosis. (JUMMEC 1998 1&2: 54-55)

Introduction

Familial amyloid polyneurcopathy (FAP} is an adult onset
autosomal dominant disease characterised by systemic
amyloid deposition which mast frequently involve the
nerves, heart, vitreous and kidneys (). The disease is
most commonly associated with variant plasma
transthyretin (TTR) and more than 40 different variants
have now been identified {2). We report here a novel
TTR variant in a woman with T TR amyloidosis.

Material and Methods

The proband, who was originally from Colombia, first
presented age 51 years with floaters in her right eye
which was unsuccessfully treated with laser therapy. The
following year investigations for symptoms of heart failure
revealed cardiac amyloidosis on biopsy. She then
developed features of autonomic neuropathy
characterised mainly by postural hypotension and
diarrhoea. Although there were no symptoms referable
to the peripherat nervous system, nerve conduction
studies demonstrated a degree of small fibre neuropathy
but no evidence for large fibre disease. Her floaters were
successfully treated by excision of the vitreous opacities.

There is a strong family history of heart disease in the
proband’s family who remains in Colombia. Her mother
died age 61 years of heart disease. Both her siblings
and one maternai uncle also had heart disease. She is
married but has no children.

Cardiac biopsy and the excised vitreous mass were
examined by Congo red staining (3) and by
immunohistochemical staining using a wide range of
antibodies directed against known amyloid proteins (4).
Amyloid fibrils extracted from the vitreous mass was
characterised by immunoblotting with anti-TTR
antibodies (5}, DNA extracted and amplified from the
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proband’s white blood cells was subjected to direct
dsDINA sequencing (4). A '®l-labelled SAP scan, an in
vivo technique for the identification of systemic amyloid
deposits was performed (6, 7).

Results

Amyloid deposits in the cardiac biopsy and vitreous mass
were identified by Congo red staining.
Immunohistochemical studies of vitreous amyloid
demonstrated positive staining only with anti-TTR
antibodies and the staining was abolished by absorption
with pure human TTR. lmmunoblot of fibril proteins
extracted from the vitreous mass cenfirmed that the
fibriis are derived from TTR. Direct dsDNA sequencing
confirmed that the proband was heterozygous for a
novel point mutation in exon two of the TTR gene
resulting in a codon change from GAT to GAG, encoding
a single amino acid (AA) substitution of aspartic acid by
glutamic acid in position 18 of the mature protein
{Figure). There was no evidence for significant extra-
cardiac systemic amyloid deposits en scintigraphy.

Discussion

Genetic analysis revealed a new TTR variant, Glul8,in a
patient with TTR amyloidosis. The genotype-phenotype
relationship between TTR variant and TTR amyloidosis
is well established (I, 2, 8) and this patient’s clinical
course is consistent with disease due to FAR The
hereditary nature of the disease is suggested by the
strong family history of heart disease but unfortunately
tissue was not available for analysis to demonstrate the
Mendelian inheritance in this kindred.
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The TTR subunit is rich in B-sheet structure (9), a
property commonly found in amyloid precursor proteins
and indeed may be an important factor determining the
amyloidogenicity of wild-type TTR associated with senile
systemic amyloidosis. Point mutations encoding single
AA substitutions appear not only to increase the
amyloidogenic potential of the TTR molecule, probably
by a destabilising effect on the secondary structure of
the protein, but also results in disease of a different
phenotype. However, not all TTR mutations are
amyloidogenic (2} and amongst the 40 amyloidogenic
variants, there is no obvious pattern to the AA
substitutions which are widely distributed throughout
the length of the protein, although there are several
mutation hot spots. There is also considerable
heterogeneity in the clinical spectrum of FAP even
amongst-kindreds with the same mutation, suggesting
that factors other than the mutations are important in
determining pathogenesis in this apparently monogenic
disease. The importance of these non-genetic factors
is further illustrated by the finding that unlike mast
autosomal dominant diseases, gene dosage may not
adversely influence the age of onset and severity of
symptoms in FAP. Indeed there are individuals
homozygous for TTR Met30 who have remained
asymptomatic throughout life {10},

Our description of TTR Glu |8 adds to the increasingly
hetercgeneous mixture of TTR variants associated with
FAP. This is also the first Colombian family reported to
have the disease which most commonly affect
populations in Portugal, Sweden, and Japan. MHowever,
with the increasing recognition of this disease and ready
avaifability of molecular biological techniques, the wider
population distribution of the disease will continue to
be increasingly recognised and reported.
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SHORT COMMUNICATION

A RAPID AND SIMPLE TEMPLATE PREPARATION METHOD
FOR DIRECT SEQUENCING OF RESOURCE LIMITED

SPECIMENS

Hui-Yee Chee and Sazaly AbuBakar

Department of Medical Microbiology, Faculty of Medicine, University of Maloyo, 50603 Kuala Lumpur, Malaysia

Application of molecular techniques has greatly
improved our ability to detect the presence of
pathogenic microorganisms in patients specimens. The
RT-PCR and direct sequencing of the amplification
products for example has enabled enteroviruses
detection from patients tissues. For direct sequencing
of the PCR products, the template purity and amount
are impostant factors which can affect the accuracy and
throughput of the sequencing result. Consequently,
more starting materials (DNA or RNA) are coften
needed for the RT-PCR because substantial amount of
the amplified DNA products are lost during purification.
Problem arises in dealing with clinical specimens where
the resources are limited especially in cases of sudden
death or specimens available are to be distributed
between units and diagnostic centers. Sufficient DNA
for sequencing can be obtained by cloning the initial
amplified DNA products after purification into suitable
cloning vectors, transforming bacteria, screening and
isolating the recombinant plasmids. However, this
method is laborious and time censuming. We report
here application of a simple procedure to overcome
this problem. Briefly, purified PCR products from the
initial amplification were ligated into a suitable vector
and then reamplified to obtain adeguate DNA for direct
sequencing. This method was successfuilly employed to
detect the presence of Enterovirus 71(EV71) in tissues
of children who died from brainstem encephalomyeiitis

(1).

The post-mortem tissues (~ 100 Ltg each of brain material
from patient | and spinal cord from patient Z) of patients
wha succumbed to an acute childhood viral infection
were homogenized and total RNAs were isolated using
TRIzal™ Reagent (GIBCO BRL, Life Technologies Inc.,
USA). The reverse transcription polymerase chain
reaction (RT-PCR) was performed using Access RF-PCR
System (Promega, USA} and the RT-PCR parameters were
42°C for 90 minutes, 95°C for 2 minutes followed by 30
cycles of 95°C for 30 seconds, 55°C for 30 seconds, 72°C
for | minute and final extension at 72°C for 5 minutes at
the end of 30 cycles. The primers, 5
GGCGTTAGCACACTGGTATCAC 3 and %
CTAGCTCAATAGACTCTTCGCA 3, annealed to
positions 44 to 65 and 418 to 440 of the Coxsackievirus
A9 genome respectively {2). The RT-PCR reagents were
used following the manufacturer’s protocols. Amplified
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Figure 1. Amplification of enterovirus 5" UTR
sequence from the ligation mix. The sequence was
amplified from 1 pl of ligation mix using T7 and reverse
primers. The amplified DNA fragment (8 ul} was
electrophoresed in a 1.5% agarose gel. 100 bp DNA
ladder was used for size indication. Arrow head indicates
the amplified DNA fragments of about 460 bp.

DNA fragments (~400 bp) were separated on |%
agarose gel and purified using sifica particles (3). The
purified DNA fragments {4 1) were ligated into pGEM-
T PCR cloning vector (Promega, USA), which contained
T7 and SPé promoter sequences flanking the multiple
cloning sites, for |6 hours at 15°C. Following day after,
I Ul of the ligation mix was used for a second step
amplification using T7 universal primer and the
Coxsaclievirus reverse primer (Figure ). The amplified
DNA fragments (~460 bp, including 60 flanking
nucleotides from the vector) were purified from agarose
gel using silica particles, followed by column purification
using Wizard™ PCR Preps DNA Purification System
(Promega, USA) prior to sequencing, Using this method,
the ligation mix could be fully utilized to prepare enough

Coresponding address:
Sazaly AbuBakar, Ph.D.
Department of Medical Microbiology, Universily Malaya Medical Center
50803 Kuala Lumpur, Malaysia

Tel: 63-759-5756

Email: sazaly@medicine.med.um.edu.my



DNA fragments for direct sequencing {manual or
automated) instead of the viral RNA which was limited.
Furthermore, the use of T7 primer in the PCR enabled
some of the vector sequences to be amplified together
with the insert DNA and when theT7 primer was used
in sequencing, full length nucieotide sequence of the
gene of interest was obtained (4). In addition, the T7
primer used for sequencing was provided free by the
automated sequencing service center (ACGT Inc.,USA),
therefore, preclude the need to synthesize expensive
sequencing primers, In some cases, when sequencing
were needed from the reverse end, the S$P6 primer,
another universal primer given free by the automated
sequencing service centers was used. The method as
outlined in Figure 2 is rapid and simple where only 2
days are needed in comparison to 3-5 days for cloning,
transformation, and the messy screening steps. The
saved viral RNA can also be used for other investigations.

References

I, Lum LCS,Wong KT, Lam SK, Chua KB, Goh AYT, Lim WL,
Ong BB, Paui G, AbuBakar $ and Lambert M Fatal En-
terovirus 71 encephalomyelitis. | Pediatr 1998 ;133:795-
798.

2. Zheng Z-M, He P-|, Caueffield 1 Neumann M, Specter §,
Baker CC and Bankowski M). Enterovirus 71 isolated
from China is serologically similar to the prototype £7|
BrCr strain but differs in the 5-nonceding region. | Med

JUMMEC 1998: 1 & 2

© RTPCR

Total RNA extraction% ele':‘mi?lbo"“is &

| ) : Lo silica :
i from tissue ’ {2-3 hours) i particle purification I
5 2 hOLIi'S) | — (2_3 hours) :

2nd step amplfication | [izacion into pGEM.T |
| from ligation mix i | PCR cloning vector |
{2-3 hours) ’ ;

“electrophoresis, sifica
particle :
and column purification

(34 hours)

autemated cycieg

sequencing !

Figure 2. A rapid and simple method for preparation
of template for automated cycle sequencing of resource

limited specimens.

Viral 1995,47: 161-167.

3. Chee H-Y and AbuBakar 5. Application of a simple eligo-
nucleotide-directed mutagenesis method for correction
of a frameshift mutation. JUMMEC 1997;2:27-30.

4. AbuBalar S, Chee H-¥, Al-Kobaisi MF, Xiaoshan ], Chua
KB and Lam SK, |dentification of enterovirus 7| isclates
from an outbreak of HFMD with fatal cases of encepha-
lomyelizis in Malaysia, Virus Res 1999 {in press)

57



JUMMEQC 1998: 1 & 2

SHORT COMMUNICATION

THEYIELD OF LABORATORY INVESTIGATIONS FOR
INFECTIVE AGENTS - A PILOT STUDY FINDINGS ON

FOREIGN WORKERS

Anuar Zaini Md Zain and the Pilot Immigrant Hea!th Study Team
Dean Office, Faculty of Medicine, University of Malaya, 50603 Kuala Lumpur, Malaysia

SUMMARY: A total of 245 foreign workers was screened for various microbial and
parasitic infections, as part of the pilot study on the health problems of foreign work-
ers. The sample comprising of Indonesian and Bangladeshi workers, was selectedon a
non-probability basis from two sources, i.e. University Hospital and a private sector.
This investigation revealed substantive number of workers with positive cases to some

of the microbial and parasitic infections.

KEYWORDS: Pilot study, infective agents, foreign workers

The continuous influx of foreign workers into the
country brings with it, its share of social economic
and health problems. A pilot study was undertaken
to assess the impact of foreign workers on cur health
system as well as to determine the prevalence rate
of microbial and parasitic pathogens in these workers.

A pilot study which was clinic based and involved
face to face interview was carried out in 1997, The
information obtained using a structured questionnaire
included data pertaining to social, demographic,
environmental, medical, and recent illness. Physical
examinations were zlso performed together with the
collections of stool, venous blood, and urine
specimens for microbiological, parasitological and
clinical laboratory investigations.

Of the 245 subjects who participated in the study,
133 were Bangladeshi (all males) while the rest were
indonesian comprising of 84 males and 28 females.
Most of the Indonesian workers (84%) were from
fawa Timur and Jambi, Sumatra, while majority of the
Bangladeshis (67.7%) were from two neighbouring
administrative districts of Dhaka and Chittagong.
Majority of the Indonesians (50.0%) were working in
service industry, while 53.5% Bangladeshis were in
the manufacturing industry. One-fifth of the worlkers
lived in squatter areas, and nearly half of them were
working for the service industry.

About 70 % of the workers had at least one infection.
The proportion was slightly higher among the
Indonesians {72.3%) compared to the Bangladeshis
(67.7%). Of the microbiological investigations, 18
(B.5%) was positive to HbSAg, 5 (2.2%) to RPR/
THPHA. and 5 (2.5%) stool positive for Salmenella.
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There was one positive case for HIV.

Examination for fecal pathogens revealed that 51
(31.9%) , Blastocystis hominis 34 (21.4%) for hookworm,
23 (14.4%) for Trichuris, 8 (5.0%) for Giardia, 2 (1.3%)
for Ascaris. Blood serology for parasitic infections
showed that there were 61 (78.2%) positive for
Toxeplasma, 60 (77.9%) for Filaria, 70 (29.8%)
Ertamoeba histolytica . 22 (9.4%) Schistesoma, and 13
(5.5%) Echinococcos.

It is of interest to point cut that 40.0% had multiple
infections. (Figure |} |t seemed that the proportion
of multiple infections was higher (67.3%) in
Bangladeshi workers compared to the Indonesian
(50.9%). Thirteen subjects had 5 or more infections.
A brief profile of two of these subjects are shown in
the Box below.

80

&0

40

Frequency

20

o =

O 1 2 3 4 5 g 7 8

No. of infections per person

Figure |. Distribution of number of infections per
person
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Case |

G| is a 47 year old Indonesian Muslim from Jambi
province of Sumatra. Me is married and stays home
with both his wife and 3 children. He is employed
as a janitor at the University Hospital Kuala Lumpur.
He is staying in a rented house with a piped-water
supply and pour latrine, He claimed that he used
the same type of basic toilet and water supply
facilities in Jambi.

Microbiology & Parasitology findings::

HbSAg for Hepatitis B
Ova for Hookworm, Trichuris
Blastocystis — diarrhoea causing pathogen

Serology positive for:

Amoebiasis, Filariasis, Schistosomiasis
Toxoplasmosis

Case 2

MNlis a 28 year old Bangladeshi Muslim from the
administrative division of Dhaka. He is single. Me
works at a construction site. The “Kongsi” in which
he stays has a piped-water supply and pour flush
fatrines, He used well water and a pour flush at the
place where he comes from.

Microbiology & Parasitology findings:

HbSAg for Hepatitis B
Blastocystis ~ diarrhoea causing pathogen

Serology positive for:

Amoebiasis, Echinocosis, Fifariasis,
Schistosomiasis, Toxoplasmosis

Conclusion

It is evident that from the pilot study, the high prevalence
of microbial and parasitic pathogens these workers have,
warrants attention, It is common knowledge that these
workers are generally housed in cramped surroundings
or over crowded dwelling and this would facilitate easy
transmission of infectious organisms from one worker
to another. The findings show that these workers may
be prone to take leave from work as a result of
symptoms that may be caused by these infections. The
economic foss as a result of this and their probable
dependence on our heaith system for recovery suggest
that an extensive study be executed to assess the
problems at large.
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Prof Lam Sai Kit (Medical Microbiology)
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Dr Balachandran (MOH)

Dr Atiya Ab Sallam {Social & Preventive Medicine)
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Members of Centre of Immigrant Studies,
Faculty of Medicine, University of Malaya,
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FOREIGN WORKERS’HEALTH: PILOT STUDY SOCIOLOGICAL

ASPECTS

Y.L.Wong, A.G. Fauza
Health Research and Developrient Unit (HeRDU), Faculty of Medicine, University of Malaya, 50603 Kuala Lumpur, Malaysia

The majority of migrant workers studied in this pilot survey were male, from Bangladesh and Mus-
lim. The mean age was 30 years and the majority were aged between 21-30 years. Although almost half
of them had 7-13 years of schooling, or an equivalent to secondary education, the majority were work-
ing in the Service industry, predominantly in cleaning services. It is noted that this employment trend
varied from the national situation, whereby majority of legal migrant workers (Indonesian and Thai)
are found in the agricultural sector. More than two thirds of the migrant workers were provided with
various forms of housing by the employer. However, it is not known if such accommodation was
adequate or not, as there were no questions about housing structures and extent of overcrowding,.
Majority of them stated that they had better amenities, such as piped drinking water and sanitary
toilets, here in Malaysia compared to those in their home countries. Yet, the real extent of better sani-
tation is difficult to assess since verification of such amenities could not be done. From their self-
reports, it appears that the majority did not engage in risk behaviours, such as smoking, alcohol and
drug abuse. It is pertinent, however, to include other risk behaviours in the study, particularly the area
of sexual behaviour. The pilot study yielded 28 female Indonesian migrant workers. More than two
thirds of them were married. Although none of the married women reported that they were pregnant
at the time of the survey, more than two thirds of them had between 1-3 children in Malaysia. Since the
age range of these children would be an important indicator of the need for preventive health care, it is
proposed that age range of the accompanying children and their immunisation status be included in
the questionnaire. Just below half of them were currently practising family planning, and more than
two thirds were using modern methods, such as, pill, Norplant and IUD. It is recommended that in
addition to pregnancy and family planning information, the study could also collect data on gynaeco-
logical health and the health seeking behaviour for these problems.

CLINICAL FINDINGS IN MIGRANT WORKERS - A PILOT STUDY

Y.C. Chia, S. McCarthy
Department of Primary Care Medicine, Faculty of Medicine, University of Malaya, 50603 Kuala Lumpur, Malaysia

This section only examines the clinical findings and some blood chemistry in these workers. A total of
222 men and 28 women were studied. Their ages ranged from 12 to 57 years, the mean being 30.1(+7.4).
Generally most of the physical examination was normal and no external features of infectious diseases
were seel.

The mean systolic and diastolic blood pressure was 120(+ 13} and 76( 8.7) mm Hg respectively. About
8.4% of the population had elevated blood pressure of 140/90nim Hg or greater.

About 12.4% of these man and women were underweight (Body mass index (BMI) less than 19 kg/m?)
while 11.2% were either overweight or obese (BMI>25) with the mean being 21.8 (£ 2.7). Only 3 had
BMI greater than 30,

Three subjects had a mitral regurgitation murmur thought to be due to mitral valve prolapse. Four
others had tinea cruris, six had insignificant axillary lymph-nodes, five had cervical lymph-nodes of
which one was due to carcinoma of the tonsil 30 with shotty inguninal lymph-nodes which was thought
to of no pathological significance. Four subjects had crepitations and five had rhonchi in their lungs.

A full blood count revealed that 16.65% of the man and 32.1% of the women had haemoglobin levels of
less than 14gm/dl and 12gm/dl respectively. The most striking abnormality was the high prevalence
of eosinophilia. 37% of the subjects had eosinophilia counts of greater than 450/d1.

About 19.4% of this study population had fasting blood glucose of greater than 6mmol/l but only 1.3%
with fasting blood glucose of greater than 7.8mmol/l. About 22% of the urine examined revealed pro-
teinuria buf were otherwise unremarkable for the other parameters.

This group of foreign workers was made up of a presumably fairly healthy young population. Attempts
to look for infectious disease on physical examination, not surprisingly did not reveal any remarkable
findings. It could be that the majority of these subjects already had a examination prior to coming into
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the country and another one soon after arrival, However an indirect measurement of infectious diseases
via the eosinophilic count revealed a high prevalence of parasitic infestations. Attempts to examine the
end results of social hardship, be it intrinsic before or appearing after arrival indirectly shoved some
degree of suffering. There was a fairly high prevalence of anaemia, especially amongst the women, The
body mass index also revealed this population to be generally less obese than other populations.

The value of medical check-ups has been debated, especially if it were done as a pre-employment proce-
dure. This pilot study has shown that it is not cost-effective to do physical examination or blood chem-
istry and urine analysis in trying to identify infectious diseases in the migrant workers,

In the light of the paucity of clinical findings in this pilot study, it would be prudent to review the
strategy for examining the health status of migrant workers, Perhaps the physical examination can be
dispensed with, and blood and urine analysis be very focused and directed in order to maximise the cost-
effectiveness of this programme. Certainly the high prevalence of eosinophilia needs further evalua-
tion,

FOREIGN WORKERS STUDY MICROBIOLOGICAL INVESTIGATIONS

S.K Lam, K.P Ng,Y.F. Ngeow and S.D. Puthucheary
Department of Medical Microbiology, Faculty of Medicine, University of Malaye, 50603 Kualo Lumpur, Malaysia.

During the study period, a total of 241 foreign workers were examined. The countries represented
were Indonesia (103), Bangladesh (133), Myanmar (1), Pakistan (3) and others (1). The specimens col-
lected were blood (238) and stoof samples (173). The tests conducted on blood samples were for syphi-
lis by RPR and TPHA, HIV, Hepatitis B, and from stool samples, enteric pathogens such as Salnonella
spp, Shigella spp. and Vibrio cholerae.

Table I shows the type of tests performed on the various nationalities and Table 2 the results of testing.
Of the 230 blood samples tested by RPR/TPHA, five were positive, one from Indonesia (1.09%) and four
from Bangladesh (3.79%). There was only one sample of blood out of 238 tested which was HIV positive
(0.42%) and this was in an Indonesian. Twenty three workers were found to be Hepatitis B antigen
positive (9.66%}, 10 out of 102 {9.80%) from Indonesia and 13 out of 131 from Bangladesh (9.92%).

As for the entric bacterial pathogens, only six out of 173 stool samples tested were positive, five for
Salmonella Spp. and one for Shigella sp. Of the five positives for Salmonella, one was from Indonesia
and four from Bangladesh. The single isolate of Shigella was from Palkistan.

From this preliminary study, it is obvious that hepatitis B is the most important problem among the
workers from Indonesia and Bangladesh. The second of importance is venereal disease and enteric
bacteria among Bangladesh workers. The other three national groups are too small to be analyzed.

It is interesting to note that although these workers are supposed to have been screened for venereal
diseases, a number of them were still found to be positive. However, we are not certain that these
might not have been acquired locally. There was only one case of HIV detected but if the foreign
workers continue with their promiscuous lifestyle they are likely to pick up other sexually transmitted
diseases including HIV and chlamydial infections. For those who were found to be stool positive for
enteric pathogens, it is important to determine whether they are food-handlers as they will prove a
significant risk for the spread of infections.

Originally, it was intended to test blood samples for hepatitis C and E markers since the incidence in
foreign countries from which the workers come are higher. However, due fo the shortage of the sam-
ples, this had to be deferred. In the light that hepatitis carriage rate is the highest for the microbes
tested, it is important to include these two markers in future studies.

Table 1. Number of Tests Performed

Country No. RPR/TPHA HIV ~ HB  Salmonella  Shigella Vibrio
Indonesia 103 92 102 TTie2 53 53 53
Bangladesh 133 133 131 131 115 115 115
Myanmar 1 1 1 1 1 1 1
Pakistan 3 3 3 3 3 3 3
Others 1 1 1 1 1 1 1
Total 241 230 238 238 173 173 173
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Table 2. Number of Positive Samples (%)

Country ~ RPR/TPHA HIV ~_HB Salmonella  Shigella  Vibrio
Indonesm 1/92 {2.09) 1/102(0.98} 10/102 (9.80)  1/53 (1.69) 0/53 (0) 0/53 (0)
Bangladesh 47133 (3.01) 0/131 (0} 13/131 (9.82)  4/115(3.48) 0/115 (0) 0/115(0)
Myanmar 0/1 (0) 071 (0 0/1 (0) 0/1 (0) 0/1 (0) 0/1 (0}
Pakistan 3 (0 0/3 (0) 0/3 (0) /3 (0 1/3(33.33) 0/3 {0)
Others 0/1 0) 0/1 (0) 0/1 (0) 0/1 (D) 0/1 (0) 071 ( )
Total 5/230(2 18) 1/238(0.42)  23/238(%.66) 5/173{2 89) 1/173(0.58) 0/173(0 )

A CASE REPORT OF VISCERAL LEISHMANIASIS IN A FOREIGN
WORKER

A, Kamarulzaman',A Khairul Anuar?
'Department of Medicine, *Department of Parasitology, University of Malaya, 50603 Kuala Lumpur, Malaysic

We report a case of visceral leishmaniasis (kala azar) in a 28 year old Bangladeshi migrant. The patient
had migrated to Malaysia 9 months prior to admission to our hospital. He was employed in a glove
factory. His illness began one week prior to presentation with high swinging fever, chest pain and
substantial weight loss,

On examination, he was found to be cachetic, with cervical and inguinal Iymphadenopathy and mas-
sive hepatosplenomegaly.

Investigations revealed a pancytopaenia with a Hb of 9.9 g/L, WBC 3.10 x 10%L and a platelet count of
29 x 10%L. Liver function test revealed an elevated alkaline phosphatase 380 L.U/L and transaminases
AST 169 1.U/L and ALT 95 LU /L. The serum albumin was 19 g/L. Blood for malaria parasite was nega-
tive. A bone marrow examination was performed to look for LD bodies and to exclude haematological
malignancies. The bone marrow examination revealed multiple LD bodies. Serology for leishmania
was strongly positive.

The patient was treated with amphotericin B to a total dose of 0.6 g. There was resolution of his fever
and reduction in the size of the liver and spleen at the end of therapy. There was also a steady gain in
his weight.

The patient unfortunately failed to return for subsequent follow-ups.

FAECAL PATHOGENS IN FOREIGN WORKERS

K. Suresh, 5. Rajah, A. Khairul Anuar, M. Z, Anuar Zaini, R. Saminathan and S Ramakrishnan
Department of Parasitology, Faculty of Medicine, University of Malaya, 50603 Kuala Lumnpur, Malaysia

One hundred seventy three stool samples were obtained from workers from Indonesia, Bangladesh,
Myaninar, Pakistan and others. The stool samples were examined for Ascaris, Trichuris, Hookworm,
Schistosomes, trematodes and cestodes. The protozaon parasites inchuded Balantidium coli, Blastocystis
hominis, Cyclospora cryptosporidium, Microsporidinm, Entainoeba histolytica, Giardia lamblia, Ioda-
moeba butschilli,

Of these 21.9%, 17% and 1% of the population studied had hookworm, Trichuris trichiura and Ascaris
Lumbricoides infections respectively. There was only one Indonesian reported to have Hymenolepis
nana infections. The most common protozoan seen in the faecal sample is Blastocystis hominis (36%)
followed by Giardia lamblia (4%). Most of the stools positive with these faecal pathogens were semi-
solid especially the ones positive for the protozoan. We have also shown Blastocystis from the Indone-
sian workers show very small forms almost 3-5 [im in size compared to the normal size of 10~15 {lm in
the other nationalities. These forms show a distinct growth profile in cultures and appears to be more
resistant to temperature changes than Blastocystis seen in the other two nationalities, The high inci-
dence of Hookworm and Trichuris infections is suggestive that if these workers are left untreated
their productivity will be hampered by other possible serious complications such as anaemia, weight
loss, abdominal pain with diarrhoeal stoois and nausea. There are increasing reports that Blastocystis
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hominis is pathogenic. Flatulence, abdominal discomfort and the increase in the frequency of the pass-
ing watery stool has been noted in patients infected with the parasite.

Since most of the workers are generally housed in crowded rooms it is highly likely that this will
facilitate transmission through the faecal-oral route of both Giardia and Blastocystis possibly increas-
ing the incidences of these infections among workers.

PARASITIC INFECTION IN FOREIGN WORKERS: SEROLOGICAL

FINDINGS

M. N. Zurainee, A Khairul Anuar, O. Khatijah, A. Sri Suriati and Noraishah Spahat
Department of Parasitology, Faculty of Medicine, University of Malaya, 50603 Kualo Lumpur, Malaysia

We describe the results of serology for parasitic infection of 250 foreign workers who were seen at the
University of Malaya Medical Centre, UMMC during 7-months period. The 250 foreign workers par-
ticipated included 114 from Indonesia, 142 from Bangladesh, two from Myanmar and two from Paki-
stan. Blood samples were taken from these workers and eight tests (amoebiasis, echinococcosis, filariasis,
leishmaniasis, malaria, schistosomiasis, toxoplasmosis, and trypanosomiasis) were performed on se-
rum. Among the 250 sera tested, 92 (36.8%) were found to be positive for at least one parasitic infection.
There was one case where the serum was found positive for 5 tests. The most common antibody
detected in those positive sera was antibody for toxoplasma (80.%), followed by filaria (32.8%) and
amoeba (30%). Other tests showed low percentage of infection with schistosomiasias, 10%; echinococ-
cosis, 6% and malaria, 3.6%. None of the foreign workers were found positive for leishmaniasis or
trypanosomiasias,

FOREIGN WORKERS STUDY: BLOOD PARASITES

A. Khairul Anuar, M. Rohela, M. N. Zurainee, A Abdul Aziz and § Sivanandan
Department of Parasitology, Faculty of Medicine, University of Malaya, 50663 Kuala Lumpur, Malaysia

Lymphatic filariasis is endemic in Asia. The infections persist as 2 major cause of clinical morbidity and
asignificant impediment to socioeconomic development. Its prevalence is increasing world wide, largely
because of rapid unplanned urbanization in many endemic areas. It is estimated that at least 120 million
people are infected. In our study on foreign workers, a total of 241 day time blood samples were col-
lected. The countries represented were Bangladesh (134), Indonesia (103), Pakistan (3) and Myanmar().
The tests conducted on blood samples were thick blood film for microfilaria and thin blood film for
malaria and quantitation of eosinophiles using the Giemsa stain. Out of the 241 blood samples tested,
one was positive for Wuchereria bancrofti and one other was positive for malaria (Plasmodium falciparum)
each from Bangladesh and Indonesia respectively.As for the blood eosinophiles, 39 (16.18%) blood sam-
ples showed high eosinophilia. Fifteen (6.22%) were from Banglandesh and 24 (9.96%) were from Indo-
nesia. The Bangladeshi male who was positive for Wuchereria bancrofti also showed eosinophilia of
22%. We believe that some of these cases with high eosinophilia, may be positive for microfilaria. We
may have missed some cases because of the methodology we chose. Lymphatic filariasis is endemic in
Bangladesh and Indonesia. In Malaysia W. brancrofti, especially in the cities have been eliminated. How-
ever their vectors for the transmission of W. bancrofti is rampant in the cities. With the influx of immi-
grants with W, bancrofti and in relation to their occupational nature, W. bancrofti may eventually be
introduced into the community and change the whole facet of the disease in Malaysia,

SCREENING FOR ABUSED DRUGS AMONG IMMIGRANT WORKERS

A. M. Mustafa' and C. G.Yap?
Department of Pharmacology' and Department of Physiology,? Facuity of Medicine, University of Malaya, 50603 Kuala Lumpur, Molaysia

Screening for drugs of abused were conducted by using Gas chromatography-Mass spectrometry
(GCMS) fitted with capillary column. Urine samples supplied by Centre of Immigrant Studies, Uni-
versity of Malaya were processed upon arrival and screened for the following drugs. Amphetamines,
methamphetamines, aphedrine, hydroxy-amphetamines, ecstasy, benzamphetamines, codeine, mor-
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phine, heroine, cocaine and diazepam. The analysis was done using Shimadzu QP5000 Gas chromato-
graph-mass spectrometer by selected ion monitoring with BPX35 column, 15 m length, 0.321D, helium
gas as carrier and quadropole mass detector at 1.60 kV electron gain.

Analysis were performed using selected ion monitoring (SIM) mode and quantitations were based on
area under the curve of individual standards at various concenirations., The method is sensitive to
nanogram levels and are able to detect the presence of these drugs in both urine and plasma. From this
study (n—100), none of the urine were found positive for the drugs screened. The major problem
encountered were adulterated with water based on the clearness and the colour of the urine. Based on
this suspicion we would like to suggest that the testing be done on blood samples as this would be
more confirmative and quantitative,

THE CHEST RADIOGRAPHIC CHANGES IN AN IMMIGRANT

POPULATION-A PILOT STUDY

].J. A. Basri
Department of Radiology, Faculty of Medicine, University of Maloya, 50603 Kuala Lumpur, Malaysio

With the increasing ease of travel and the passage of peoples between countries there is a need to
ensure that the recipient countfry is not burdened by the need for care of immigrant with health prob-
lems as well as the increased risk posed to the local population from exposure fo communicable dis-
ease. To assess the chest radiographs of a selected group of immigrants to ascertain the presence of
abnormalities especially the presence of tuberculosis. A total of 250 immigrants were prospectively
evaluated by a PA chest radiograph. The chest radiograph was evaluated by two radiologists for the
presence of abnormalities of the heart, lungs, mediastinum and bony rib cage. There were 112 Indone-
sians, 133 Bangladeshis, one Myanmar, three Pakistanis and one others. Males made-up 222 while
there were 28 females. The chest radiograph was diagnostic in all cases. There were 13 cases with
enlarged hearts but with no evidence of heart failure. There was only a single immigrant who had
evidence of active TB though there were 6 others who had evidence of old disease. There was evidence
of other infections in five. With regard to the mediastinum there was a single case with enlarged hila
probably secondary to increased cardiac output. There were 21 patients with scoliosis of the spine and
two with abnormalities of the ribs. Even though there was a single case with evidence of TB from this
pilot study, from unreported data from the UMMC, there were 15, 16 and 23 immigrants treated for TB
for 1994, 1995 and 1996 respectively. This was mainly seen in the Indonesians followed by the Bangla-
deshis and Myanmar., We attribute this discrepancy to the biased sample in this study where probably
only the healthy were seen while those who were not well did not want to participate in this study. In
addition, this may also be due to the small sample used in this study. We feel that screening of the
immigrants out in the field may be able to detect cases of active TB.

As for the large hearts we feel that in the absence of any cardiac symptoms and other radiological
changes these are probably due to the increased workload on the heart from physical activities. This is
a recognised presentation. The changes in the mediastinum and bony rib cage are probably not very
significant.

PILOT DATA -WHAT DOES ITTELL?

A.S. Atiya', M. Z Anuar Zaini* and A. Khairul Anuar?

!Department of Social & PreventiveMedicine, *Cffice of the Dean, *Department of Parasitology. Faculty of Medicine, University of Malaya, 50663 Kuala
Lumpur, Malaysia

A pilot study on 250 foreign workers was undertaken during a 7-month period beginning December
1996. The sample of subjects mainly males (88.8%) was selected on a non-probability basis from two
sources i.e. from University of Malaya (72.8%) and PEREMBA group (27.2%}.

The study was a clinic-based and a face-to-face interview was carried out to elicit information on so-
cial, demographic, environmental, medical and recent illness using a structured questionnaire. Physi-
cal examinations were also performed on the same day of the interview. Subjects were also required to
give their stool, venous blood, and urine specimens for microbiological, parasitological and clinical
laboratory investigations. Chest X-Rays was done on all subjects.

64



JUMMEC 1998 1 & 2

The other investigators had already reported findings on the various specific areas of the study. Inthis
part of the report attempt was made to relate the infectious diseases to some of the socio-environmen-
tal variables on the 112 Indonesian, 133 Bangladeshi workers. Some aspects of health seeking behav-
iour of these foreign workers were also presented.

Most of the Indonesian workers (84%) were from Jawa Timur and Jambi, Sumatra, while majority of
the Bangladeshis (67.7%) were from two neighboring administrative districts of Dhaka and Chittagong,.
Majorities of the Indonesians (50.0%) were working in service industry, while 53.5% Bangladeshis
were in the manufacturing. One-fifth of the workers lived in squatter areas, and nearly half of them
were working for the service industry.

About 70% of the workers had at least one infection. The proportion was slightly higher among the
Indonesians (72.3%) compared to the Bangladeshis (67.7%). It is of interest to point out that 40.0% had
multiple infections. Thirteen had five or more infections (details for the two of the 13 cases are pre-
sented as case studies), However, the findings did not indicate any association between sanitation and
infections. Risk for transmission was developed based on the number of infections in the person. The
Indonesian workers carried a higher risk of transmitting the diseases (33.9%) compared to 19.5% among
the Bangladeshi workers. Those working in the construction industry were at a higher risk of trans-
mitting the diseases compared to other industries.

Slightly more than half of the workers experienced some form of minor illness or injury during the
two-week period preceding the interview. Majority sought private care (43.1%), while 42.3% either
self-medicate or did nothing at all. Nearly two-thirds paid out of their own pocket. Among the employ-
ers, construction sector made negligible contribution (2.9%) to the payment. It is interesting to find
that 41.0% of the workers took some form of health supplements, and majority (48.4%) got it from the
pharmacy or traditional sources. Nearly all (88.5%) paid on their own for the health supplements,

The findings from this pilot project need to be interpreted with some caution. However, it appears
that the foreign workers carry sizeable amount of health problems. If these are not addressed quickly
it may endanger the health of a nation, while we readily acknowledge their contribution towards our
natienal development.

REVIEW OF QUESTIONNAIRES: THE SOCIO-DEMOGRAPHY AND
GEOGRAPHICAL ASPECTS

Y.L.Wong' and A. G. Fauza?
'HeRDU, Faculty of Medicine, *Departinent of Geography, Faculty of Arts and Social Sciences, University of Malaya, 50603 Kuala Lumpur, Malaysia

A review of the questionnaire was carried out basically to assess the relevance of the questions to the
objectives of the study, to identify weaknesses of the questions particularly in terms of the wording in
order to make them as clear as possible to the respondents and to minimize ambiguity and thus the
problems of getting the questions across to the respondents. Based on the review a new set of ques-
tionnaire would be proposed.

The review thus focuses on two major aspects namely the structure and the content of the question-
naire. From the structural aspects each question was reviewed in terms of the language, wording,
sequencing and continuity between one another. Basically, not much problems have been identified
except in cerfain cases of ambiguity largely due to language and words used and some cases lack of
continuity due to improper sequencing of the questions In terms of the content, for each questions, the
purpose of asking, and what is expected of the questions was thoroughly examined and then the rel-
evance assessed. Based on the analysis, three group of questions were identified i.e., the irrelevant
questions, the partially relevant and most important non-existence of many relevant questions. Itis
recommended that the irrelevant questions be omitted, those partially relevant to be modified and
new questions added.

(Absiracts of the Papers Presented in the Workshop on “Health Problems of Foreign Workers™ organised
by Faculty of Medicine, University of Malaya on 26-28 September 1997 )

65



Journal of the University of Malaya Medical Centre

Volume 3+Number 1 & 2 CONTENTS December 1998

Editorial

Stroke - Time For Greater Efforts AN ENTRUSIASI ... s cosseessssesssissssnseseessessesesassanessons

CT Tan

History of Medicine

Magical Moments In Medicine Part 5: Medieval MEITHE ..o ssess e

4P Judson

Review

The Use Of Bisphosphonates In Osteoporosis: A REVIBW ... smsissasisissssssessisssossss

SSYeap

Mini Review

DINA VECCINES oeerrrieerrvarsanissensisnissssssrrmsssiessesssess s sssss sssn ases s s8 a8t aest 03444 b5ams et ssseams ressssssassssessensessssesassssessesmastoes s aernenns

G Subramaniam

Original Articles

Age-related Neurone-Loss And The Occurrence Of Dark And Light Neurones In The Ganglia
Of Cranial Nerves And Autonomic Nervous System: A Comparative Evaluation Of Their

Developmental And Growth Changes ... ssers s s s s s ssss s ests o

A GPillay

Changes In Serum Proteins, Erythrocyte Sedimentation Rate And Mantoux Tuberculin Skin

Test Reactivity IN ACHVE TUDEICUIOSIS v s sssssssss s seestacssssssesossssssmaosessssmssssmsssssssont

C Kliam, KH Lim and CMM Wong

Transthyretin Glui8, A New Variant Associated With Familial Amyloid Polyneuropathy «oven.e.e,

S YTan, PN Hawkins and M B Pepys

Short Communication

A Rapid And Simple Template Preparation Method For Direct Sequencing Of Resource
Limited Specimens ...

HYCheeand$ AbuBakar

The Yield Of iaboratory Investigations For Infective Agerus A Pilot Sludy F |nd|ng5 On Foreign
Workers .. . O

Anuar Za:m Md Zam and the Prfot .'mmrgrat:on Heah‘h Study Team

FLY T3 4 - £SO

13

18

22

47

54

w56

58

60






