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BACKGROUND:

The HIV DNA PCR test is performed for the early diagnosis of HIV infection in HIV-
exposed children aged less than 18-months of age[1]. HIV antibody detection assays,
used to diagnose HIV infection in adults cannot be used early in life because of the
persistence of maternal HIV antibodies acquired by passive immunisation. The South
African Prevention of Mother-to-Child Transmission (PMTCT) guidelines recommend
that all HIV-exposed infants receive a DNA PCR test at 6-weeks of age and 6 weeks
after cessation of breastfeeding. In practice, not all HIV-exposed infants access a PCR
test and many access the test much later than 6-weeks of age, most commonly when
they present with symptoms of HIV infection. The rate of PCR testing after cessation
of breastfeeding is unknown.

PCR data presented below was extracted from the Data Warehouse of the National
Health Laboratory Services (NHLS) and represents numbers of tests performed as
opposed to number of patients tested. Therefore an infant that tests positive at 6-
weeks of age may present ill at 6 months of age and receive another PCR test which
will be counted as two positive tests and not a single HIV-infected patient. Since there
is no system of unique identifiers to accurately link multiple tests to a single patient,
the number of positive PCR tests does not equate to the number of positive infants.
However, PCR tests performed in infants aged 2 months and younger, closely reflect
number of infants tested since it is unlikely that repeat PCR testing would have been
performed in the first 2 months of life.

The percentage positivity of PCR tests performed in these young infants is an
excellent proxy for early vertical transmission rates in those infants that access an
early diagnosis.

The estimated number of HIV-exposed infants in South Africa (with 95% confidence
intervals) for 2008 and 2009 were calculated by multiplying recorded live births
reported in the Stats SA Statistical Release P0305 [2, 3] by the antenatal maternal
HIV prevalence rates and 95% confidence intervals reported in the annual National
Antenatal Sentinel HIV and Syphilis Prevalence Survey [4]. Since no figures for live
births and maternal prevalence for 2010 are currently available, the estimates for
2010 are the same as for 2009.

The number of PCR tests performed in infants aged 2 months and less, which closely
approximates the number of infants tested, in comparison to the estimated numbers
of HIV-exposed infants serves as a proxy of the coverage of early infant diagnosis.



HIV PCR TESTING PERFORMED NATIONALLY 2008-2010:

SA (incl KZN): PCR testing of HIV-exposed children of all ages
2008 -2010
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2008 267 488 (260 184 - 274 791) 210959 30879 14.6%

2009 258 030 (251 886 - 265 051) 242 499 25 664 10.6%

2010 258 030 (251 886 - 265 051) 280 899 22 282 7.9%

The total number of PCR tests performed nationally increased from 210 959 in 2008
to 280 899 in 2010 with a corresponding decline in number of positive PCR tests
from 30 879 to 22 282. This represents a decline in positive PCR results from 14.6%
in 2008 to 7.9% in 2010 in the HIV-exposed infants tested. This decline in percentage
positivity is likely to reflect

1. reduced vertical transmission as a result of PMTCT interventions and

2. increased accessibility of PCR testing to all HIV-exposed infants (more likely to
test PCR negative) in comparison to earlier testing patterns where
predominantly symptomatic HIV-exposed infants (likely to be PCR positive)
accessed testing

The total number of PCR tests performed in 2010 exceeded the estimated total
number of HIV-exposed infants. This is likely due to repeat testing of infants (e.g. after
cessation of breastfeeding or if an HIV-exposed infant presents with symptoms
suggestive of HIV infection) and for reasons of poor communication (e.g. no handheld
patient records to identify that a PCR test has previously been performed and poor
access to laboratory results to search for previous PCR test results).

The set of data that follows excludes PCR testing performed in the province of
KwaZulu Natal because until June 2010, this was the only province in the country



using a different laboratory information system to store test data and accurate
disaggregated data is not available.

The estimated number of HIV-exposed infants in KZN ranged from 73 812 to 72 336
in 2008 to 2010. The total number of PCR tests performed in KZN and excluded from
further analysis range from 64 445 in 2008 to 84 645 in 2010 and account for about

30% of all PCR tests performed during the three year period.

HIV PCR TESTING PERFORMED NATIONALLY (EXCLUDING KWAZULU

NATAL) 2008 - 2010:

SA (excl KZN): HIV-exposed children accessing PCR testing
2008 -2010
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2008 | 193350(178031-209024) | 146514 | 85755 60 759 5006 8.2% 31.4%
2009 | 185370 (171407 -200144) | 177329 | 93494 | 83835 4855 5.8% 45.2%
2010 | 185370 (171407 -200144) | 196254 | 94935 | 101 319 4 329 4.3% 54.7%

In the remaining 8 provinces, total PCR tests performed increased from 146 514 in
2008 to 196 254 in 2010 and total percentage positivity decreased from 14.7% to
10.9% to 8.3% in 2008, 2009 and 2010 respectively. These percentages are
marginally higher than before KZN data was excluded but demonstrate the same

downward trend.

The number of HIV-exposed infants tested early (viz. at 2-months of age or
less) increased from 60 759 in 2008 to 101 319 in 2010 whilst the percentage of




positive tests decreased from 8.2% to 4.3% suggesting a declining vertical
transmission rate in the first 2 months of life attributable to improved PMTCT
coverage and regimens, notably the replacement of single dose Nevirapine with dual
therapy (sdNVP and AZT from 28 weeks) during 2008.

Despite an increase of 1.7 times in the number of PCR tests being performed in this
younger age, the number of HIV-infected infants decreased from 5006 to 4329
between 2008 and 2010. In an environment of improving PMTCT, higher PCR testing
rates yield lower numbers of HIV-infected infants making it theoretically easier for
programs to concentrate on ensuring HIV-infected infants access care.

In 2008 an estimated +193 000 HIV-exposed infants required a PCR test at 6-weeks of
age and 60 759 PCR tests were performed in infants aged 2 months and younger
yielding coverage of early diagnosis of 31.4%. By 2010, 101 319 PCR tests were
performed in infants aged 2 months and younger on the estimated 185 370 HIV-
exposed infants amounting to approximately 54.7% of the target population receiving
an early diagnosis.

In addition to the total number of PCR tests being performed in younger infants (aged
2-months and less) increasing from 60 759 in 2008 to 101 319 in 2010, the
percentage of total tests being performed earlier in life increased from 42% to 52%
suggesting increased PCR testing earlier in life.

In infants and children aged more than 2 months of age, the percentage
positivity decreased from 19.3% to 15.5% to 12.7 % from 2008 to 2010 respectively
yielding proportionally less PCR positive results over time with 16 555 in 2008 and
12 050 in 2010. How these positive PCR tests equate to numbers of HIV-infected
children is difficult to say since many may represent duplicate tests on the same
children. Nevertheless, these positive PCR tests are likely to represent a large number
of children whose HIV is diagnosed late most likely because they present
symptomatic and/or did not access PMTCT care. The coverage of post breastfeeding
PCR testing is unknown and many of the infants tested after 2-months of age may
have postnatal transmission from breastmilk.

In this older group of infants and children the percentage tested in age groups >2-9
months, >9-18 months, >18 months and of unknown age remained fairly constant
between 2008 and 2010 at +36%, +10%, +5% and +2% respectively.

PROVINCIAL PCR TESTS 2008 - 2010:

The provincial PCR data reflects the trends noted in the national data over time viz.
increasing total PCR tests with increasing proportions being performed on young
infants; decreasing early vertical transmission rates and numbers of HIV-infected
infants and improved coverage of PCR testing.



1. EASTERN CAPE

Eastern Cape: HIV-exposed children accessing PCR testing
2008 -2010
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2008 | 32464 (30111 -34816) 8302 8.1% 25.6%
2009 | 30294 (28138-32450) | 29741 | 17895 | 11846 702 5.9% 39.1%
2010 | 30294 (28138-32450) | 30650 | 17308 | 13342 603 4.5% 44.0%
2. FREE STATE
Free State : HIV-exposed children accessing PCR testing
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2008 | 17424 (16 152 - 18 695) 10 715 7377 3338 349 10.5% 19.2%
2009 | 14919(13928-15911) | 12413 | 7474 | 4939 308 6.2% 33.1%
2010 | 14919(13928-15911) | 14833 | 7808 | 7025 339 4.8% 47.1%




3. GAUTENG

Gauteng: HIV-exposed children accessing PCR testing
2008-2010
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2008 | 56228 (53 407 - 58 673) 50916 24929 7.9%
2009 | 51327 (49260-53566) | 57842 | 27552 | 30290 1602 5.3%
2010 | 51327 (49260-53566) | 63567 | 27398 | 36169 1452 4.0%

44.3%

59.0%
70.5%

4a. KWAZULU NATAL

KwaZulu Natal: HIV-exposed children accessing PCR testing
2008 -2010
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2008 73812 (70951 - 76 482) 64 445 9318

2009 72336 (69 773 - 75 083) | 65170 6 345

2010 72336 (69773-75083) | 84645 5903




4b. KWAZULU NATAL

KwaZulu Natal: HIV-exposed children accessing PCR testing
Jun-Dec 2010
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2010 42196 (40 701 - 43 799) 3.7% 56.9%
5. LIMPOPO
Limpopo: HIV-exposed children accessing PCR testing
2008-2010
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2008 | 21844 (20 155-23638) 13899

2009 | 21818 (20084-23551) | 18551 | 10539 | 8012 619 7.7% 36.7%
2010 | 21818(20084-23551) | 21649 | 11138 | 10511 510 4.9% 48.2%




6. MPUMALANGA

Mpumalanga: HIV-exposed children accessing PCR testing
2008-2010
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2008 | 26809 (24997 - 28 546) 11904 7 558 4 346 490 11.3% 16.2%
2009 | 25909 (24266-27552) | 20192 | 10912 | 9280 626 6.7% 35.8%
2010 | 25909 (24266-27552) | 23740 | 11984 | 11756 574 4.9% 45.4%
7. NORTH WEST
North West: HIV-exposed children accessing PCR testing
2008-2010
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2008 | 19088 (17 733 - 20 504) 13754 9111 4643 431 9.3% 24.3%
2009 | 21111 (19351-22940) | 17084 | 9811 | 7273 436 6.0% 34.5%
2010 | 21111(19351-22940) | 18976 | 9893 | 9083 369 4.1% 43.0%




8. NORTHERN CAPE

Northern Cape: HIV-exposed children accessing PCR testing
2008-2010
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2008 3471 (2935 - 4 049) 10.8% 35.1%
2009 3609(3000-4301) | 3695 | 2232 | 1463 93 6.4% 40.5%
2010 3609 (3000-4301) | 4814 | 2626 | 2188 90 41% 60.6%
9. WESTERN CAPE
Western Cape: HIV-exposed children accessing PCR testing
2008-2010
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2008 | 16023 (12540-20104) 16 681 7708 8973 472 5.3% 56.0%
2009 | 16384 (13378-19874) | 17811 | 7079 | 10732 469 4.4% 65.5%
2010 | 16384 (13378-19874) | 18025 | 6780 | 11245 392 3.5% 68.6%
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COMPARSION OF COVERAGE OF EARLY INFANT DIAGNOSIS BETWEEN
PROVINCES

The coverage of early infant diagnosis improved in all provinces over the three year
time period with Gauteng (70.5%), Western Cape (68.6%) and Northern Cape
(60.6%) above the national average of 54.7% by 2010. Coverage in the other
provinces ranged from 43% in North West to 48.2% in Limpopo in 2010. The
coverage in KZN for the last 7 months of 2010 was 56.9%.
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HIV PCR TESTING BY DISTRICT 2008 - 2010:

2008

2008

2010

PCR testing in
children of all

FPCR testing in infants =2 months of

PCR testing in
children of all

PCR testing in infants =2 months of

PCR testing in
children of all

PCR testing in infants =2 months of

Estimated # ages a9e Estimated ¥ ages age Estimated # ages 202
of HIY¥- = of of HI¥- = of of HI¥- = of
. S Toral Fos Total e_lposed Pos 4 . s Toral Fos Toral e_lposed Fos 4 . ] Total Fos Toral e_lposed Fos x
infants born infants .. .. |infants born infants ... .. |infants born infants .
tests | tests | tests N tests |Positivity tests | tests | tests N tests | Positivity tests | tests | tests N tests | Positivity
accessing accessing aceessing
early testing early testing early testing
South Africa (incl KZN) 267 488 | 210 959 | 20 879 258 030 |242 499 | 25 664 258 030 | 280 899 22 282
South Africa [excl KZN) 193 350 146 514 [ 21561 | 60 759 314 5 006 82 185 370 177 329 | 19319 [ £3 835 452 4 855 58 185 370 196 254 | 16 379 | 101 319 547 4329 43
Eastern Cape 32 464 25 464 [ 3309 | 8 302 256 676 51 30 234 29741 | 2932 | 11846 331 702 59 30 234 30 650 ( 2 340 | 13 342 4.0 BO0Z 45
Alfred Mzo 2129 1809 229 47 142 # a7 z133 2459 vl 793 el EQ TE 21339 2374 204 293 404 41 4E
Amatole 9472 ETH1 285 2414 265 129 T a1 Te3 o7 3488 220 166 47 9128 Ta52 5aT 3vEr 41.2 163 4.3
Cacadu 1363 1620 w7 574 428 51 8 134 17E0 158 T34 5.2 40 5.0 1341 1620 126 785 OEE . 4.5
Chiris Hani 3768 3344 367 1104 a4 20 7.2 3436 3435 pit-l3 1462 415 26 5.2 3 486 3734 0% 1761 i1 B4 37
Melson Mandela Bay Metro 020 4 418 B34 1761 0 132 78 5347 4427 41 2283 i el 124 55 5347 4340 304 2430 403 112 45
0O.F. Tambo 7 552 £ 747 a3z 1744 231 163 a3 6602 8208 A3 2418 b ] TE & 50 G744 i 2832 436 160 56
Ukhahlamba 1105 277 95 2249 20.7 20 8.7 1208 1622 170 E16 A5 45 7.3 1208 1521 139 g6 71.0 28 3.3
Free State 17 424 10715 | 1875 | 2 338 19.2 349 105 4 919 12412 | 1436 | 4939 321 08 E.2 14 919 4833 | 1257 | 7025 71 339 4.8
Fezile Dabi 2E38 1732 ik 500 19.0 58 & 2009 2097 258 939 467 54 ] 2003 247 193 1257 E2E E1 44
Lejweleputswa 377 2284 423 EVZ 121 E2 az 3432 363 364 1242 362 74 E4 3432 36EE 336 1842 537 1z E1
Motheo 5407 3985 V26 1357 261 42 0.3 4618 3426 445 1322 288 23 B3 4618 1167 m 1658 368 4 45
Thabao Makutzangane 5203 2280 363 Fon 12.4 T3 0.4 4 464 3073 323 1214 2r2 8 E4 4464 4057 32z 1345 436 a2 42
Hhariep 395 434 54 109 IVE ] 73 212 Eh4 46 222 711 ] 41 32 572 29 325 104.1 0] 21
Gauteng 56 228 50916 | 7 33& |24 923 443 1363 7.4 51 327 57 842 | 6 307 | 30 290 59.0 1602 5.3 51327 63 567 | 5596 | 36 163 705 1452 4.0
City of Johannesburg 12 ave 20735 | ze19 1zzn E4.2 256 7o 17 090 21 95E 2027 | 12097 TEE El0 47 17 040 2421 20032 15 180 a8 63z 24
City of Tshwane 0 7ae mivz 1657 4261 L) 409 48 T 1759 1395 5442 T4 221 5.4 7T 12 232 1165 397 2T 251 24
Ekurhuleni 14330 11951 1348 5218 4.9 462 23 15 426 14 741 179z ¥ 263 471 430 5.4 15 426 17 067 1634 9374 E0E 400 4.3
IMetsweding 1410 382 43 125 EE) 10 20 1317 793 B 363 9.3 20 54 1317 523 45 430 66 20 41
Fedibeng E 545 3708 B4Z 1380 0.8 a3 T2 E072 a4 404 17 a0 a0 47 E07Z 3887 3 1788 235 1] 34
‘west Rand 3206 397 E23 1734 632 133 7.7 3333 4 BEY il Z41 Ti3 14 5.2 3333 5237 436 2934 220 123 4.4
KwaZulu-Matal Tre2 64 445 ([ 9318 T2 336 65170 | 6 245 72 336 24 645 | 5903
42 196 50 106 | 3153 |24 008 56.9 8939 37
Amajuba a4 a7e 2212 2340 m 1330 B a6 27
eThekwini 25 413 24724 14422 14 346 10249 ¥ o8z 612 a0z 41
iLembe 3678 4145 2418 3228 190 1656 34 54 jeke]
Sisonke 213 zr 12249 1695 124 =1 BES 27 24
Ugu 7410 7oy 4093 4112 26 1966 420 =] 25
Urgungundiowy Tazz EEB0Z 3851 4643 zan 24E5 E40 TE 31
Umkhanyakude 4450 4349 2837 4123 27 2005 van a6 4.2
Umnzinyathi 2318 1712 333 2834 136 1238 124.0 et o |
Uthukela 4 545 4672 ZBET 3194 130 1202 45.1 45 ar
Uthungulu 7E07 G643 5045 434 a3 1386 o ] 8 bk
Zululand 023 5 300 3383 4347 234 2 04 E1E 23 4.3

‘% of exposed infants accessing early testing’: Red text = Districts with percentage coverage that is 2% or less than the provincial average.
Purple text = Districts with percentage coverage that is 10% or more than the provincial average.
Coverage values that are greater than 100% may reflect under-estimation of number of HIV-exposed infants.

KwaZulu Natal figures in the red box are for June to December 2010.
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2008

2009

2010

PCR testing in
children of all

PCR testing in infants 22 months of

PCR testing in
children of all

PCR testing in infants 22 months of

PCR testing in
children of all

PCR testing in infants =2 months of

_ age _ age _ age
Estimated ¥ ages Estimated ¥ ages Estimated ¥ ages
of HI¥- % of of HI¥- % of of HI¥- % of
_ exposed Total | Pos | Total e_:posed Pos F - expased Total Fos | Total e_:posed Pos F - expased Total Pos | Total e_:posed Fos 4
infants born infants _. __|infants born infants _. __|infants born infants Sl
tests tests tests . tests | Positivity tests tests tests . tests | Positivity tests tests tests . tests | Positivity
accessing accessing accessing
early testing early testing early testing
Limpopo 21 844 13899 | 2386 | 5010 229 488 9.7 21818 18551 | 2339 | 22 367 619 7 21818 21649 | 2% | 10511 482 510 4.9
Capricorn 53l 298 B0E 1040 12.4 02 a4 E 483 4 B34 675 Z151 | 167 T2 E 488 6210 4EE 2Tie 4.8 122 44
Mopani 4 304 3120 BG2 1074 25.0 114 0k 4 430 4 262 420 1773 40.0 132 T4 4430 4837 476 2z B0.2 108 44
Sekhukhune 2937 24939 420 1123 et 29 74 2207 3230 425 1440 B5.3 127 a8 2207 il a8 1836 232 a6 47
Vhembe 4739 2 860 432 1007 2.0 a2 a1 4 390 3382 L 1275 230 juts a2 4390 4 205 413 1882 429 an 48
‘waterberg 3338 2011 41 716 214 a0 126 3470 3037 378 1373 346 o] 7.2 3470 3 8EE 336 1845 46.5 a2 5.0
Mpumalanga 26 809 13904 | 2363 | 4 346 16.2 490 n3 25 303 20192 | 2509 | 9280 35.8 626 6.7 25 303 ZT 740 | Z 081 | 11756 454 574 4.9
Ehlanzeni 13393 5934 1225 2238 168.7 276 123 12 B5Y 3612 1323 4438 ik 230 T4 12 B5Y 1514 1039 54931 473 a2 5.2
Giert Sibande B 038 2740 & 956 15.7 24 a8 5820 5033 G674 2240 A 180 BT 5820 k138 434 2 960 60.3 137 4E
Ik angala 7 032 3180 E32 1162 16.4 130 1.3 7 16E 5 E47 E12 2 652 356 146 5.7 7 1EE E 038 438 2815 293 125 4.4
Morth West 19 D88 13 754 | 2 267 | 4 643 243 431 9.3 21m 17084 | 1961 | 7273 345 436 6.0 21m 18 976 | 1654 | 9083 430 369 41
Einjanala 382 4077 an4 1327 19.3 "7 111 LKA E 100 T2 2716 248 L1 E1 033 7 264 E10 3734 4.2 148 40
Dr Kenneth Kaunda 5382 3458 630 1274 21k 122 ar 4 334 2 96E 405 1701 3z b 4.5 4334 3 a96E iz} 203 470 a3 43
Dir Futh Segomotsi Mompati 4434 1963 2288 T 15.9 ] a4 3962 2 2EE 254 a9z 233 T T8 3962 2 a7 24 1186 299 47 4.0
Mogak.a Modiri MaolemalCentral 2494 4 263 E44 1333 637 02 TE 2210 4 7EZ A0 1333 a7h 1Z2 6.3 220 5 053 444 2126 862 a6 4.0
Morthern Cape 3471 31 433 1218 351 m 1038 3 609 3 695 437 1463 405 93 6.4 3 603 4814 3m 2188 G0 an 41
Frances Baard 1808 1843 238 ™ 411 ] 1.2 2061 1342 200 & 43z 2] ER 208 27z 1 1463 Ta 51 36
Kgalagadiftl. T. Gastsews 943 541 107 149 15.8 12 21 T4 E7E 106 196 253 10 51 T4 915 96 am 427 23 %]
Mamakuwa ok 102 ] 23 T4 2 a7 I} 140 12 48 - 5 0.4 I} 132 14 a3 - 2 E1
Figley ka Seme a0z 512 a1 167 654 12 T8 274 445 &1 161 628 1 62 274 561 15 7a E&.0 E 34
Siyanda SEE 232 53 138 244 21 15.2 551 434 E2 167 303 10 E.0 551 453 55 153 332 2 4.4
Western Cape 16 023 16 681 | 1530 | 973 56.0 472 5.3 16 384 17 811 | 1398 |10 732 5.5 463 44 16 &4 18 025 | 1042 | 11245 68.6 Faz 3.5
Cape Winelands 1480 1897 187 32 E7.0 LE] 4.4 1637 2017 186 1223 TEE LE] 4.0 1537 2187 127 1331 233 1) 41
Central Karoo 17E i1} 4 00 ] 1 1o 132 418 24 166 1266 E 36 132 472 jex ] 232 1764 2 34
City of Cape Town 12277 naz2 1103 E43 B2 M2 6.2 12 042 12 Bl 15 TEZ8 B33 jekc-3 44 12 042 12620 T30 T 9E4 EE1 267 34
Eden 1232 1487 120 248 E2.3 b 4.5 1662 1504 132 a5e 673 7 4.4 1662 1443 3 924 k] 30 k-3
Owerberg 41 537 a4 235 26 15 4.5 443 E&T 40 419 251 12 4.3 443 ET3 24 426 263 14 33
‘west Coast 43z 437 39 278 65.9 17 £l 503 il 32 334 EET 11 3.2 503 E30 i) 369 Ji.E 13 358

‘% of exposed infants accessing early testing’: Red text = Districts with percentage coverage that is 2% or less than the provincial average.
Purple text = Districts with percentage coverage that is 10% or more than the provincial average.
Coverage values that are greater than 100% may reflect under-estimation of number of HIV-exposed infants.
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RECOMMENDATIONS:

Improvements in PMTCT coverage have resulted in increased numbers of PCR tests
being performed every year. A continuation of this trend is likely and strategies to
reduce the need for unnecessary PCR tests should be examined. Possibilities include:

Reduce repeat testing by

o Improving tracking of previous HIV PCR test results e.g. implementing
the new Road to Health booklet that contains a laboratory tracking
number to trace previous PCR results; improve the ability of clinicians
to access patient HIV PCR results using the internet (www.disa)

o Using HIV Rapid Tests from 6-months of age to exclude HIV infection
and only submit for PCR testing if the rapid test is positive. Preliminary
data suggests a reduction in PCR tests required by >50% at 6-8 months
of age and >90% by 8-10 months of age (depending on the rapid test
used) due to seroreversion.

Ensure HIV-infected infants and children access care immediately after testing
PCR positive by improving tracking of PCR positive infants and children into
care.

o Consideration should be given to using the National Health Laboratory
information system to automatically extract and distribute collated PCR
results on a weekly basis to specific program co-ordinators for
cascading to facilities.

Ongoing training of staff on early diagnosis of HIV is essential to ensure that infants
identified for PCR testing have an adequate sample submitted to avoid repeat
sampling, that processes to ensure infants receive their PCR results are in place, that
PCR results are correctly interpreted and the correct management plan followed.
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DISCLAIMER:

The NHLS PCR data is linked via an NHLS location code to a particular
facility/district/province. This is a dynamic link requiring regular updating and
although correct in the vast majority of cases, the reader should be aware that the
figures reported here can change slightly as the linkages are updated.
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