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ABSTRACT

Objectives Syphilis morbidity is high among pregnant
women in lower income countries with limited laboratory
capacity. We evaluated a long-standing global Syphilis
Serology Proficiency Programme (SSPP) that supports
testing quality in national reference laboratories to
determine if participation affects congenital syphilis
elimination strategies.

Design In this observational cross-sectional study, we
calculated coverage on type, frequency and quality of
syphilis testing reported by laboratories enrolled in the
SSPP from 2008 to 2015. We used country-reported data
to WHO on four congenital syphilis (CS) indicators and
World Bank country economic data to compare coverage
and completeness of reporting of indicators in lower
income countries with and without an SSPP-enrolled
laboratory.

Participants From 2008-2015, 78 laboratories from 51
countries participated in >1SSPP evaluation; 56% were
national reference laboratories, of which most (93%)
participated for >3 years and 11 (22%) in all 24 cycles.
Results Median proficiency performance score was
>95% regardless of test conducted. Of the 51 countries
with an SSPP-enrolled laboratory, 22 (43%) were lower-
income countries, of which 21 reported CS data during
2008-2015. Comparing CS data from 87 (90% of total)
lower income countries with and without an SSPP-enrolled
laboratory, countries with an SSPP-laboratory had stronger
reporting on antenatal syphilis testing (p=0.04). For 2015,
an estimated 74% of prenatal syphilis tests and 63% of
positive tests reported to WHO from countries with an
SSPP-enrolled laboratory.

Conclusion The SSPP has focused well on national
reference laboratories, but has been only partially
successful in recruiting laboratories from lower income
countries. The finding that over half of syphilis infections
in pregnant women living in countries with SSPP-enrolled
laboratories suggests wide reach of the current quality
assurance programme. However, reach could expand with
focussed recruitment of laboratories from lower income
countries.

Strengths and limitations of this study

» Labs that participated in the Syphilis Serology
Proficiency Programme (SSPP) had high participa-
tion rates and performance scores but may reflect
long-term participants who are familiar with the ex-
ternal quality assurance requirements.

» Less than half of the labs enrolled in the SSPP are
from lower income countries, which is a priority of
the programme.

» Improved and continued efforts will be made to in-
crease the presence of the SSPP in lower income
countries.

» WHO-reported data may not be representative of
screening and treatment practices throughout the
country.

» The SSPP is provided at no cost to participating
countries and can be easily incorporated into a lab-
oratory’s workflow.

INTRODUCTION

Syphilis, caused by the bacterium Treponema
pallidum subspecies pallidum, is a common
disease causing substantial global morbidity
and mortality, especially from mother to
child during pregnancy (ie, congenital syph-
ilis (CS)).! The estimated global maternal
syphilis prevalence in 2016 was 0.69% (95%
confidence interval: 0.57-0.81%).2 Adverse
pregnancy outcomes caused by syphilis are
preventable with early detection of cases in
the pregnant mother with prompt treatment
to cure infection and prevent further disease
sequelae. However, syphilis diagnosis is chal-
lenging, requiring clinical suspicion and
supportive serologic results—ideally paired
treponemal and non-treponemal serologic
tests.
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In 2007, the WHO launched a global initiative to elim-
inate CS as a public health problem based on the pillars
of (1) political commitment, (2) access to maternal and
newborn health services, (2) universal screening and
treatment of pregnant women and (4) surveillance and
monitoring.” Ensuring quality of syphilis testing in front-
line, clinical laboratories around the world is an essential
element of both the third pillar, ensuring syphilis infec-
tions are detected and treated promptly, and fourth pillar,
ensuring syphilis cases are accurately counted. External
quality assurance including proficiency testing is one tool
verifying accuracy and reliability of laboratory testing. It
is anticipated that national reference laboratories will,
in turn, provide simple proficiency testing programmes
to assure quality syphilis testing in underlying regional,
district and other clinical facilities.

Syphilis Seroproficiency Testing Programme procedures

The Syphilis Seroproficiency Testing Programme (SSPP)
is a voluntary, free-of-charge, external quality assurance
programme for syphilis testing provided by WHO in
collaboration with the Centers for Disease Control and
Prevention (CDC) Division of STD Prevention (DSTDP)
Laboratory Reference and Research Branch (LRRB)".
Laboratories are able to enrol through the WHO website,
which provides details on eligibility and application
requirements (online supplemental appendix I).

Global congenital syphilis reporting to WHO

To monitor the global CS elimination initiative, since
2008, WHO has asked countries to report national-level
data on four CS indicators through the existing Global
AIDS Response Progress Reporting (GARPR) system.’
The four indicators are: proportion of pregnant women
screened for syphilis; syphilis seropositivity among preg-
nant women; proportion of seropositive pregnant women
treated for syphilis and CS case rate.

In this programme evaluation, we reviewed the imple-
mentation of the WHO/CDC SSPP from 2008 to 2015,
focusing on its ability to reach national reference labora-
tories in lower income countries and the extent to which
the programme has supported the global initiative for
elimination of CS.

METHODS
We used data provided by laboratories participating in
the WHO/CDC SSPP from 1 January 2008 through 31
December 2015, starting in 2008 because it was the first
full year of the global elimination of CS initiative in part-
nership with WHO, CDC and other organisations.”
Participating laboratories received a proficiency testing
panel three times per year, which consisted of five vials of
prepared human sera, containing treponemal and non-
treponemal antibodies of various reactivity, with reactivity
blinded to laboratory staff (figure 1). CDC laboratorians
prepare the panels using commercially available human
serum or plasma (Physician’s Plasma Alliance, Johnson

City, Tennessee, USA) that previously screened negative
for hepatitis B surface antigen, hepatitis C antibody and
HIV-1/2 (serologically). Bulk quantities of either serum
or plasma are processed to ensure uniformity and stability
as previously described.” Samples were aliquoted asepti-
cally into glass vials, packaged according to United States
Postal Services (USPS) guidelines and mailed expedi-
tiously to laboratories with tracking to monitor delivery
within a 3-week window.®

Laboratories were advised to treat testing panels in
the same manner as patient samples and perform all
laboratory-based syphilis serologic tests offered to the
public. Laboratorians completed a pre-formatted ‘results
form’ (online supplemental appendix I) and submitted
it electronically within 45 days of receipt. For each sero-
logic test conducted, participating laboratories were
scored based on results obtained from three United
States Reference Laboratories (CDC, Atlanta; Georgia
Public Health Laboratory, Atlanta; Texas Public Health
Laboratory, Austin) as well as consensus results (reported
by at least 75% of laboratories) of all participating labo-
ratories, with a minimum acceptable score of 80%.
Laboratories with lower than passing scores could access
technical assistance from LRRB laboratorians through
job aids, email or telephone calls to help procedures
and interpretation. Laboratories in the SSPP were moni-
tored to ensure that laboratories remain engaged in the
programme, and considered to have ‘full participation’
if they returned results for all three panels provided in a
given year, ‘partial participation’ if they returned results
for two panels for the year and ‘low participation’ if they
returned one panel in a given year.

Since its inception, the SSPP has evaluated both non-
treponemal and treponemal tests: non-treponemal tests
include the rapid plasma reagin (RPR), unheated serum
reagin (USR) and Venereal Disease Research Laboratory
(VDRL) assays. Treponemal tests, measuring specific
antibodies to 7. pallidum, include the 1. pallidum particle
agglutination (TPPA) test, T. pallidum haemaglutination
assay (TPHA), fluorescent treponemal antibody absorp-
tion (FTA-ABS) test and ELISAs for 1. pallidum 1gG and
IgM.”

For this evaluation, we used SSPP enrolment and evalua-
tion data to assess involvement and extent of participation
in the programme from 2008 through 2015, according to
type of laboratory, region, country income level and mean
test score by syphilis serology test. We reported on coun-
tries geographically according to WHO regional office
as part of the African Region (AFR), Americas Region
(AMR), European Region (EUR), Eastern Mediterra-
nean Region (EMR), South East Asian Region (SEAR) or
West Pacific Region (WPR)."” We also categorised coun-
tries where laboratories were located according to World
Bank criteria regarding per capita income as a high-
income country (HIC), upper-middle-income country
(UMIC), lower-middle-income country (LMIC) or low-
income country (LIC)."" According to the 2008 classifi-
cation scheme, HICs are those with an annual per capita
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national income >US$ 11,905, UMICs are those with
income from US$3856 to US$11 905, LMICs are those
with income from US$976 to US$3855 and LICs are those
with income < US$976."* We grouped LICs and LMICs in
this analysis, defining them as ‘lower income’ countries,
and considered HICs and UMICs to be ‘higher income’
countries. We linked GARPR, available on the WHO
Global Health Observatory data repository at http://
apps.who.int/gho/data/node.main.A1357STI?lang=
en,"” and SSPP participation data to estimate the extent
to which the SSPP supported syphilis testing in pregnant
women in ‘lower income’ countries from 2008 to 2015.

Enroliment package sent to
laboratory

CDC/WHO SSPP reviews
application

SSPP informs
laboratory of decision

Approved

and notifies country
NRL if applicable

Not
Approved

Graded summary report
returned to participating End
labs annually

Flowchart depicting overall workflow and process of the CDC/WHO SSPP. CDC, Centers for Disease Control and

We compared countries participating or not participating
in the SSPP during the study interval on completeness
of reporting on the four CS indicators. These were (i)
syphilis testing coverage in pregnant women (number
of countries reporting and median-year coverage); (2)
syphilis treatment coverage in pregnant women who
tested seropositive (number reporting and median-year
coverage); (3) increase in testing coverage of at least 25%
(requiring at least two data points) and (4) increase in
treatment coverage of at least 25% (also requiring at least
two data points). As the SSPP goal prioritises support to
lower income countries with limited laboratory capacity,
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for this analysis, we excluded HICs and UMICs as well as
territories or countries with populations less than 100 000.
We used the combined GARPR and SSPP data to estimate
the number and proportion of all maternal syphilis infec-
tions globally during 2015 that were detected in countries
with laboratories supported by the SSPP. For countries
not reporting data during 2015, we used data from the
most recent year that was reported. We used the UNICEF
and United Nations Population Fund (UNFPA) data by
country to augment data on number and proportion of
pregnant women in each country. Statistical analyses were
done using Microsoft Excel 2013 (Microsoft, Redmond,
Washington, USA), and comparisons were made using *
and the Mann-Whitney tests.

Patient and public involvement statement

This research was done without patient involvement. No
patients or patient data were included in this study and
patients were not invited to contribute to the writing or
editing of this document for readability or accuracy.

RESULTS

Participation in the SSPP

From 2008 to 2015, 78 laboratories representing 51
countries participated in at least one SSPP evaluation
(online supplemental appendix II). Of the 51 countries,
11 (22%) had full participation over the study years and
thus consistently submitted data across all study months.
Among participating laboratories, 44 (56%) were national
reference laboratories, 15 (19%) were hospital or clinic
laboratories, 13 (17%) were university or regional labo-
ratories and 6 (8%) were private clinical laboratory facil-
ities. Among the 44 national reference laboratories, 41
(93%) were active for at least 3years, and 10 (23%) were
fully active over the entire 8-year study interval. During
the final year of the study interval (2015), 36 national
reference laboratories participated in the SSPP, of which
24 (64%) were fully active.

The 51 countries with SSPP-participating laboratories
represented five of the six WHO regions (online supple-
mental appendix II); EMR had no laboratories partici-
pating in the SSPP among its 21 total member states. By
region, SSPP participation of member states was highest
in AMR, with 21 (66%) countries participating of 32
total states. This was followed by SEAR with 5 (456%)
of 11 member states participating; WPR with 7 (33%)
of 21 member states; AFR with 9 (20%) of 46 member
states and EUR with 9 (18%) of 50 member states partic-
ipating in the SSPP. Among the 51 countries with SSPP-
participating laboratories, 15 (29%) were HICs, 14 (28%)
were UMICs, 13 (25%) were LMICs and 9 (18%) were
LICs. Thus, ‘lower income’ countries made up 22 (43%)
of the b1 countries currently participating in the SSPP.
Most participating countries (n=35, 69%) had atleast one
laboratory active in the SSPP during all 8years evaluated,
and 46 (90%) had at least one laboratory active during at
least three of the evaluation years. Participation of at least

one laboratory for all 8years was more common among
higher income than lower income countries (41% vs
27%, p<0.001).

Type of testing by year

Over the 8-year interval, participating laboratories
performed a total of six types of tests: RPR or USR,
VDRL, TPPA or TPHA, ELISA, FTA-ABS and rapid trepo-
nemal tests (any type). For non-treponemal tests, RPR
or USR were consistently performed by 54% of labo-
ratories while the VDRL was performed by about 38%.
Among treponemal tests, the TPPA or TPHA tests were
performed by approximately 58% of the participating
laboratories, ELISA by approximately 24% of laborato-
ries and FTA-ABS by 33%. Due to the growing popularity
of various treponemal RSTs on the market, as well as
expanded WHO recommendations on the use of rapid
tests,'* several rapid treponemal tests were accepted
into the programme in 2014 with approximately 32% of
participating laboratories providing results in that year
(figure 2). Over the study interval, there was consistent
use of the traditional laboratory-based syphilis tests, but
a slight decline in the number of laboratories using the
FTA-ABS and an increase in RST usage.

Mean scores by year

Among participating laboratories, mean scores were
consistently well above 80% (minimal acceptable score)
throughout the study interval, and usually higher than
95% (figure 3). A dip in performance for the RPR and
VDRL was observed in 2014, corresponding to a change
in the SSPP scoring criteria to make it more consistent
with other external quality assurance programme (eg,
completeness of reporting on test information such as
expiration dates and lot numbers; consistency in titer
grades and timeliness of reporting results). Nonetheless,
the mean scores of participating laboratories remained
greater than 85% for all tests performed in 2014, and
scores improved in 2015.

Completeness of SSPP and WHO data
From 2008 through 2015, 162 (84%) of 194 WHO
member countries reported at least one CS indicator
through GARPR, including 87 (90%) of the 97 lower
income countries (LICs and LMICs). Lower income
countries reported CS indicators more commonly than
higher income countries, with 40 (93%) of 43 LICs and
47 (87%) of 54 LMICs reporting at least one congen-
ital syphilis indicator compared with 40 (86%) of 46
UMICs and 35 (52%) of 67 HICs (p<0.001). Among the
162 countries reporting CS indicator data from 2008 to
2015, the syphilis positive percentage (seroprevalence)
among pregnant women ranged from less than 0.5% to
more than 5%, with countries in AFR and AMR reporting
the highest seroprevalence rates in pregnant women
(figure 4).

WHO data on syphilis seroprevalence among antenatal
care attendees were available for 142 countries. Of these,
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*Laboratories that participated in at least one of the three evaluations per year. RPR, Rapid Plasma Reagin; VDRL
Venereal Disease Research Laboratory; USR, Unheated Serum Reagin test; TPPA, T. pallidum particle agglutination
assay; TPHA, T. pallidum hemagglutination test; EIA, Enzyme Immunoassay; FTA-ABS, Fluorescent Treponemal
Antibody-Absorption Test; RST, Rapid Syphilis Test.

Figure 2 Types of syphilis tests performed by laboratories participating in the CDC/WHO Syphilis Serology Proficiency
Programme, 2008-2015. Laboratories that participated in at least one of the three evaluations per year. CDC, Centers for
Disease Control and Prevention; EIA, Enzyme Immunoassay; FTA-ABS, Fluorescent Treponemal Antibody-Absorption Test;
RPR, Rapid Plasma Reagin; RST, Rapid Syphilis Test; TPPA, T. pallidum particle agglutinationassay; TPHA, T. pallidum
hemagglutination test; USR, Unheated Serum Reagin test; VDRL, Venereal Disease Research Laboratory.

39 countries (27%) participated in the SSPP. Among
these 39 countries, 23 (59%) reported syphilis seroprev-
alence among pregnant women attending antenatal care
was less than 1%, 13 (33%) reported from 1% to 4.9%
(high) seroprevalence and 3 (8%) reported greater than
5% (very high) seroprevalence. Of the 103 countries not
participating in the SSPP, 54% reported having antenatal
seroprevalence less than 1%, 36% reported having sero-
prevalence between 1% and 4.9% and 10% reported
seroprevalence greater than 5%. The average maternal
syphilis seroprevalence among SSPP countries was 1.5%
compared with 1.7% among the non-SSPP participating
countries (p=0.17). During 2015, using data from 189
countries that reported to UNICEF or UNFPA surveil-
lance, an estimated 130068538 pregnant women, or
68% of all pregnant women, lived in the 51 countries
with SSPP laboratories. In all 189 countries, 114610291
(59%) pregnant women were tested for syphilis (WHO
data); and 74% of these syphilis tests in antenatal women
were done in the 39 countries with an SSPP-supported
laboratory.

Reach of the SSPP in lower income countries

Focusing on the 97 countries that met criteria for cate-
gorisation as ‘lower income’ countries, 87 (90%) coun-
tries reported to WHO at least one CS indicator from
2008 through 2015, 10 countries did not report any CS
indicator and 9 (10%) reported all four indicators. The
87 lower income countries included 387 countries (43%)

from AFR, 13 (16%) from WPR, 10 (11%) from AMR
and 9 each (10%) from SEAR, EUR and EMR. The 10
countries that did not report to WHO on CS indicator
were located in AFR (2 countries), EMR (4 countries),
SEAR (2 countries) and EUR (2 countries). We found
no statistically significant differences in reporting on
CS indicators among the 21 countries with a laboratory
participating in the SSPP compared with the 66 coun-
tries without SSPP-participating laboratories (p=0.56).
Compared with countries without SSPP-participating
laboratories, countries with laboratories in the SSPP had
more complete reporting on antenatal syphilis testing
over multiple years (median, 4.0 years vs 3.0 years;
p=0.04), and a non-significant tendency toward more
complete reporting on treatment (median, 2.0 years vs
1.0 years; p=0.55), this was most notable in SEAR and
WPR countries. SSPP participating countries also tended
to be more likely to report a more than 25% increase in
treatment coverage during the study interval, although
this was not significant at p<0.05 (10% vs 3%, p=0.25).
The SSPP participating countries did not differ from
non-participating countries in their reporting of 25%
increase in testing coverage (table 1).

Among the 87 ‘lower income’ countries reporting CS
indicator data to WHO, the 21 countries participating in
the SSPP contributed an estimated 273966 positive syph-
ilis test results reported in pregnant women, or 63% of the
positive results reported by all lower income countries.
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RPR, Rapid Plasma Reagin; VDRL Venereal Disease Research Laboratory; USR, Unheated Serum Reagin test; TPPA, T. pallidum particle
agglutination assay; TPHA, T. pallidum hemagglutination test; EIA, Enzyme Immunoassay; FTA-ABS, Fluorescent Treponemal Antibody-Ab-
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Figure 3 Mean test score by syphilis test among laboratories participating in the CDC/WHO Syphilis Serology Proficiency
Programme, 2008-2015. CDC, Centers for Disease Control and Prevention; EIA, Enzyme Immunoassay; FTA-ABS, Fluorescent
Treponemal Antibody-Ab-sorption Test; RPR, Rapid Plasma Reagin; VDRL Venereal Disease Research Laboratory; RST, Rapid
Syphilis Test; TPPA, T. pallidum particleagglutination assay; TPHA, T. pallidum hemagglutination test; USR, Unheated Serum

Reagin test;

DISCUSSION

In this first evaluation of the extent to which this long-
standing SSPP supports the WHO initiative for CS elimi-
nation, we found that participating laboratories had high
participation rates and performance scores. The finding
that more than half of participating laboratories were
national reference laboratories is supportive of the SSPP
priority of focusing on national laboratories that may be
able to support syphilis testing in their country’s under-
lying clinical laboratories. However, the fact that the
programme often supports laboratories located in higher
income countries, with just under half (43%) located in
the lower income countries targeted by the programme,
indicates that more work is needed in attracting laborato-
ries from priority countries. The consistently high scores
of participating laboratories is important, but may be
related to the fact that most laboratories were long-term
participants and familiar with the external quality assur-
ance requirements. Additionally, we found that more than
half (63%) of the estimated syphilis infections in preg-
nant women during 2015 that occurred in lower income

countries were detected in countries supported by at least
one SSPP-participating laboratory. This finding suggests
that the programme has good reach in supporting global
elimination of CS, although this reach could be even
wider if there were greater participation by national and
regional reference laboratories from several large, lower-
income countries in Africa and Latin America, where
prevalence of syphilis in antenatal women is high."?

This programme evaluation has some limitations. The
programme depends on laboratories reporting their test
results based on usual practices; however it is believed
that a few laboratories have used specialised kits only for
proficiency testing rather than ‘routine testing kits’ while
undergoing their quality assurance programmes in order
to ensure high scores. Participating laboratories should
treat the testing panel as clinical samples and use Kkits
routinely used in the laboratory for proficiency testing.
The SSPP is one tool used to verify accuracy and reliability
of laboratory testing and the programme is not meant to
be punitive, but informative. Tools must be developed that
can objectively measure the performance of a laboratory
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Figure 4 Countries participating in the CDC/WHO Syphilis Serology Proficiency Programme by antenatal seropositivity, 2015.

CDC, Centers for Disease Control and Prevention.

outside of external proficiency testing. Additionally, we
used data reported to WHO to estimate the extent to
which the SSPP has supported the global CS elimination
initiative; however, in some countries these data may not
be representative of screening and treatment practices
across the country.

External quality assurance contributes to laboratory
capacity strengthening, and is also an essential component

of laboratory evaluation for country-level review for
consideration of validation of elimination of mother-to-
child transmission of HIV and syphilis (EMTCT)."” The
SSPP is one, relatively simple tool that can support labora-
tory quality assurance in lower income countries working
towards validation of EMTCT. Advantages of the SSPP
are that it is provided at no cost to countries and can be
easily incorporated with their work flow as the external

Table 1

Reporting of congenital syphilis indicators on testing and treatment by lower income countries, by participation in the

WHO-CDC Syphilis Serology Proficiency Programme (SSPP), 2008-2015

Total number of

Reporting countries

Reporting countries not

Congenital syphilis indicator reporting countries participatingt in the SSPP  in SSPP P

reporting on during 2008-2015 (n=87)* (n=21) (n=66) value
n (%) or median n (%) or median n (%) or median

Antenatal syphilis testing 4.0 4.0 3.0 0.04

coverage (median number of

years)

Treatment coverage (median 2.0 2.0 1.0 0.55

number of years)

Reported >25% increase in 24 (28) 5 (24) 19 (29) 0.67

testing coverage 2008-2015

Reported >25% increase in 4 (5) 2 (10) 2 (3) 0.25

treatment coverage 2008-2015

*Ten lower income countries did not report any CS indicators to WHO.

TParticipation in SSPP is defined as a country with at least one laboratory participating in at least one programme cycle during 2008 through

2015.
CS, congenital syphilis.
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quality assurance is provided only three times per year.
Further expansion of this programme to laboratories
within low income and high syphilis morbidity coun-
tries could provide better access to high quality syphilis
diagnostic capacity supporting CS elimination, as well as
further support to global sexually transmitted infection
(STT) surveillance strengthening. Additionally, technical
support to countries on strategies to extend external
quality assurance beyond the national reference labora-
tory would support further reach of this programme and
quality of syphilis testing. These types of extensions of
the SSPP might be accomplished through partnerships
with WHO, CDC and other organisations that focus on
improving the quality of laboratory testing. These types of
laboratory data are important elements supporting coun-
tries in making more evidence-based decisions on control
and elimination strategies.
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