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Outline

Burden of curable STIs/RTIs in pregnancy

• Adverse birth outcomes associated with 
curable STIs/RTIs.

• Prevalence of malaria and curable STIs/RTIs 
in pregnancy in sub-Saharan Africa. 

• Prevalence of malaria and curable STI/RTI 
co-infection in pregnancy in Zambia. 



Outline

Protective effects of SP and azithromycin

• Protective effect of IPTp-SP against malaria 
and curable STIs/RTIs in pregnancy in 
Zambia. 

• Protective effect of azithromycin against 
curable STIs/RTIs. 



Adverse birth outcomes associated with STIs/RTIs

Chico RM, Hack BB, Newport MJ, Ngulube E, Chandramohan D. On the pathway to better birth outcomes? A systematic 
review of azithromycin and curable sexually transmitted infections. Expert Review of Anti-infective Therapy. 2013; Volume 
11, Issue 12, pp. 303-1332.



Reference Stillbirth IUGR Preterm birth Low birthweight

Syphilis

Watson-Jones 
(2002) 

RR = 18 
(95% CI: 5.5, 59.6) 

RR = 2.1 
(95% CI: 1.0, 4.2) 

RR = 6.1 
(95% CI: 2.5, 15.3) 

OR = 3.3 
(95% CI: 2.0, 5.4)

Temmerman 
(1995) 

RR = 3.34 Not reported Not reported OR = 4.01
(<32 weeks)

McDermott 
(1993) 

OR = 10.98 Not reported Not reported Not reported

Donders 
(1993) 

Not reported Not reported 33%; 5 of 15 
cases

Not reported

Elliott 
(1990) 

Not reported Not reported OR = 1.4 
(95% CI: 0.5, 4.1)

Not reported

Chico RM, Hack BB, Newport MJ, Ngulube E, Chandramohan D. On the pathway to better birth outcomes? A systematic 
review of azithromycin and curable sexually transmitted infections. Expert Review of Anti-infective Therapy. 2013; Volume 
11, Issue 12, pp. 303-1332.

Adverse birth outcomes associated with STIs/RTIs



STIs/RTIs and adverse birth outcomes

Reference Stillbirth IUGR Preterm birth Low birthweight

Neisseria gonorrhoeae

Johnson 
(2011) 

Not reported Not reported OR = 2.0 
(95% CI: 1.0, 4.0)

OR = 0.8 
(95% CI: 0.3, 2.3)

Donders 
(1993) 

Not reported Not reported 56%; 5 of 9  cases P<0.005

Elliott 
(1990) 

Not reported Not reported OR = 3.2 
(95% CI: 1.3, 8.4)

Not reported

Chico RM, Hack BB, Newport MJ, Ngulube E, Chandramohan D. On the pathway to better birth outcomes? A systematic 
review of azithromycin and curable sexually transmitted infections. Expert Review of Anti-infective Therapy. 2013; Volume 
11, Issue 12, pp. 303-1332.



STIs/RTIs and adverse birth outcomes
Reference Stillbirth IUGR Preterm birth Low birthweight

Chlamydia trachomatis
Rours (2011) Not 

reported
Not 
reported

OR = 4.4 (95% CI: 1.3, 15.2) < week 32
OR = 2.7 (95% CI: 1.1, 6.5) < week 35
OR = 1.17 (95% CI: 0.6, 2.4) < week 37

OR = 1.0 
(95% CI: 0.4, 2.2)

Silveira (2009) Not 
reported

Not 
reported

OR = 0.7 
(95% CI: 0.4, 1.4)

Not 
reported`

Wilkowska-
Trojniel (2009) 

Not 
reported

Not 
reported

Not 
reported

Not 
reported

Blas (2007) Not 
reported

Not 
reported

RR = 1.5 (95% CI: 1.1 to 2.0) OR = 1.1 
(95% CI: 0.7, 1.7)

Odendaal (2006) Not 
reported

Not 
reported

22.2%; 8 of 36 cases vs. 10.4%
32 of 307 cases; P=0.037

Not 
reported

Johnson (2011) Not 
reported

Not 
reported

OR = 1.0 
(95% CI: 0.6, 2.0)

OR = 2.1 
(95% CI: 1.0,  4.2)

Kovacs (1998) Not 
reported

7.3 v 5.8% P>0.05 Not 
reported

15.5% vs. 13.2% P>0.05

Donders (1993) Not 
reported

Not 
reported

27%; 6 of 22 cases Not 
reported

Elliott (1990) Not 
reported

Not 
reported

OR = 0.7 
(95% CI: 0.4, 1.4)

Not 
reported

Johns Hopkins 
(1989) 

Not 
reported

OR = 2.4 
(95% CI: 1.3, 4.2) 

OR = 1.6 
(95% CI: 1.0, 4.2)

Not 
reported

Gravett (1986) 
Not 
reported

Not 
reported

OR = 4.0 
(95% CI: 1.7, 9.2)

OR = 2.7 
(95% CI: 1.3, 5.7) 

Chico RM, Hack BB, Newport MJ, Ngulube E, Chandramohan D. On the pathway to better birth outcomes? A systematic 
review of azithromycin and curable sexually transmitted infections. Expert Review of Anti-infective Therapy. 2013; Volume 
11, Issue 12, pp. 303-1332.



STIs/RTIs and adverse birth outcomes

Reference Stillbirth IUGR Preterm birth Low birthweight

Trichomonas vaginalis
Johnson 
(2011) 

Not 
reported

Not 
reported

OR = 1.4 (95% CI: 0.7 to 2.8) OR = 1.5 (95% CI: 0.9 to 2.6)

Meis 
(1995) 

Not 
reported

Not 
reported

OR = 1.5 (95% CI: 0.1, 8.1) < week 24
OR = 0.9 (95% CI: 0.2, 3.6) < week 28  

Not reported

Sutton 
(1999) 

Not 
reported

Not 
reported

Not reported OR = 2.1 (95% CI: 1.0 to 4.7)

Minkoff 
(1984) 

Not 
reported

Not 
reported

Not reported Not reported

Cotch 
(1997) 

Not 
reported

Not 
reported

OR = 1.3 (95% CI: 1.1, 1.4) OR = 1.3 (95% CI: 1.1 to 1.5)

Chico RM, Hack BB, Newport MJ, Ngulube E, Chandramohan D. On the pathway to better birth outcomes? A systematic 
review of azithromycin and curable sexually transmitted infections. Expert Review of Anti-infective Therapy. 2013; Volume 
11, Issue 12, pp. 303-1332.



STIs/RTIs and adverse birth outcomes
Reference Stillbirth IUGR Preterm birth Low birthweight

Bacterial vaginosis
Johnson (2011) Not 

reported
Not 
reported

OR = 1.3 (95% CI: 0.9 to 2.1) OR = 1.1 (95% CI: 0.6 to 1.8)

Svare (2006) Not 
reported

Not 
reported

OR = 2.5 (95% CI: 1.6 to 3.9) OR = 2.0 (95% CI: 1.3 to 2.9)

Watson-Jones 
(2007) 

Not 
reported

Not 
reported

OR = 3.0 (95% CI: 1.3 to 6.6) Not 
reported

Leitich (2003) Not 
reported

Not 
reported

OR = 2.2 (95% CI: 1.5 to 3.1) Not 
reported

Meis (1995) Not 
reported

Not 
reported

OR = 1.4 (95% CI: 0.9 to 2.05) < week 24 
OR = 1.8 (95% CI: 1.2 to 3.0) < week 28  

Not 
reported

McGregor (1995) Not 
reported

Not 
reported

OR = 1.9 (95% CI: 1.2 to 3.0)
RR = 1.5 (95% CI: 0.7 to 3.0) diagnosed 28-32 weeks

Not 
reported

Hillier (1995) Not 
reported

Not 
reported

OR = 1.4 (95% CI: 1.1 to 1.8) OR = 1.5 (95% CI: 1.2 to 1.7)

Hay (1994) Not 
reported

Not 
reported

OR = 13.1 (95% CI: 4.0 to 42.6) diagnosed with 
intermediate flora (Nugent 4-7)

Not 
reported

Elliott (1990) Not 
reported

Not 
reported

OR = 1.0 (95% CI: 0.6 to 1.8) Not 
reported

Gravett (1986) Not 
reported

Not 
reported

Not reported OR = 1.5 (95% CI: 0.8 to 2.0)

Chico RM, Hack BB, Newport MJ, Ngulube E, Chandramohan D. On the pathway to better birth outcomes? A systematic 
review of azithromycin and curable sexually transmitted infections. Expert Review of Anti-infective Therapy. 2013; Volume 
11, Issue 12, pp. 303-1332.



Prevalence of malaria and STIs/RTIs

Chico RM, Mayaud P, Ariti C, Mabey D, Ronsmans C, Chandramohan D. Prevalence of malaria and sexually 
transmitted and reproductive tract infections in pregnancy in Sub-Saharan Africa: a systematic review. JAMA: 
Journal of the American Medical Association. 2012; Volume 307, Issue 19, pp. 2079-2086 



East and Southern Africa
Pooled prevalence of malaria and STIs/RTIs in pregnancy with highest and lowest point estimates

Chico RM, Mayaud P, Ariti C, Mabey D, Ronsmans C, Chandramohan D. Prevalence of malaria and sexually 
transmitted and reproductive tract infections in pregnancy in Sub-Saharan Africa: a systematic review. JAMA: 
Journal of the American Medical Association. 2012; Volume 307, Issue 19, pp. 2079-2086 



West and Central Africa
Pooled prevalence of malaria and STIs/RTIs in pregnancy with highest and lowest point estimates

Chico RM, Mayaud P, Ariti C, Mabey D, Ronsmans C, Chandramohan D. Prevalence of malaria and sexually 
transmitted and reproductive tract infections in pregnancy in Sub-Saharan Africa: a systematic review. JAMA: 
Journal of the American Medical Association. 2012; Volume 307, Issue 19, pp. 2079-2086 



Prevalence of malaria and STI/RTI 
co-infection in pregnancy

• Nchelenge District of north-east Zambia 
• 1,086 pregnant women recruited at first ANC visit as 

part of standard antenatal care
• Biological samples for malaria and curable STIs/RTIs 

were collected at enrolment analysed retrospectively 
at reference laboratory

• Care for curable STIs/RTIs was provided throughout 
pregnancy using the syndromic management 
algorithms that are national policy in Zambia and 
recommended by WHO



Chaponda EB, Chico RM, Bruce J, et al. Malarial Infection and Curable Sexually Transmitted and 
Reproductive Tract Infections among Pregnant Women in a Rural District of Zambia. American 
Journal of Tropical Medicine and Hygiene, Volume 95, Issue 5, Nov 2016, pp. 1069-1076 

blank 100%                                              100%                                                100%

Target of IPTp-SP



blank

Chaponda EB, Chico RM, Bruce J, et al. Malarial Infection and Curable Sexually Transmitted and 
Reproductive Tract Infections among Pregnant Women in a Rural District of Zambia. American 
Journal of Tropical Medicine and Hygiene, Volume 95, Issue 5, Nov 2016, pp. 1069-1076 



Chico RM, Chaponda EB, Ariti C, Chandramohan D, Sulfadoxine-pyrimethamine exhibits 
dose-response protection against sexually transmitted and reproductive tract infections 
and related adverse birth outcomes. Clinical Infectious Diseases; 3 March 2017. 

Observational cohort study of IPTp-SP: 
malaria and curable STIs/RTIs



Adverse birth outcomes by exposure to 
0-1 dose vs 2 vs > 3 doses  

1Adjusted for sexually transmitted and reproductive tract co-infection, gravidae and HIV infection
2P-value for likelihood ratio test



Categories of maternal infection and exposure to doses 0 – 1 
versus > 2 doses of IPTp-SP among women with adverse birth outcomes

1Adjusted for sexually transmitted and reproductive tract co-infection, gravidae and HIV infection



Categories of maternal infection and exposure to doses 0 – 1 
versus > 2 doses of IPTp-SP among women with adverse birth outcomes

1Adjusted for sexually transmitted and reproductive tract co-infection, gravidae and HIV infection



Categories of maternal infection and exposure to 2 doses
versus > 3 doses of IPTp-SP among women with adverse birth outcomes

1Adjusted for sexually transmitted and reproductive tract co-infection, gravidae and HIV infection



Why might this be?

• Sulphadoxine is derived from 
sulphonamide, the world’s first mass 
produced antibiotic that was first 
synthesised in the 1930s.

• Sulphonamides have been used for 
decades to treat curable STIs/RTIs



Sulphonamide curative of T. vaginalis

Sulphisoxazole curative of C. trachomatis 

Sulphonamide curative of Gardnerella 
vaginalis (common BV-associated bacteria)

Sulphonamide curative of N. gonorrhoea

Sulphonamide and STIs/RTIs



Is SP curing these STIs/RTIs?

Probably not, but…

• SP may reduce the bacterial and 
parasitic load of amongst women 
with curable STIs/RTIs

• SP may reduce the inflammatory 
response of amongst women with 
curable STIs/RTIs.  Maternal 
inflammation can trigger a ‘fight or 
flight’ response and preterm birth



The Zambia study may help to explain: 

1. Why there is no transmission intensity below 
which IPTp-SP is no longer protective against 
low birthweight

2. Why IPTp-SP has been superior to IPTp-DP 
against low birth weight and preterm birth

What does this mean?



• Despite these encouraging findings, candidate 
replacements for IPTp-SP are needed for many 
reasons.  The intervention remains sub-optimal 
for against malaria endpoints when compared 
to more potent antimalarial therapies.  

• Candidate replacements for IPTp-SP should 
offer superior protection against malaria AND 
curable STIs/RTIs.  

Implications



Azithromycin as a partner drug

Chico RM, Hack BB, Newport MJ, Ngulube E, Chandramohan D. On the pathway to better birth outcomes? A systematic 
review of azithromycin and curable sexually transmitted infections. Expert Review of Anti-infective Therapy. 2013; Volume 
11, Issue 12, pp. 303-1332.



Azithromycin has been used safely in all trimesters of 
pregnancy against curable STIs.  

STIs/RTIs Dose

Syphilis 1 and 2 grams (curative)

Gonorrhoea 1 and 2 grams (curative)

Chlamydia 1 gram (curative)

Trichomoniasis 1 gram (partially preventive)

Bacterial vaginosis Unknown

Azithromycin dosing



Azithromycin as a partner drug in pregnancy



Azithromycin as a partner drug in pregnancy



Azithromycin as a partner drug in pregnancy

Kimani et al. PLOS One 2016



Azithromycin as a partner drug in pregnancy

IPTp-DP plus azithromycin may be 
superior to IPTp-SP because:

• DP is more potent against malaria 
infections compared to SP

• azithromycin is likely more 
curative of bacterial infections 
compared to sulphadoxine



Conclusions

• IPTp-SP continues to be an essential ANC intervention 
and is protective against adverse birth outcomes 
attributable to malaria and curable STIs/RTIs

• Candidate replacements for IPTp-SP will likely need to 
offer superior protection against malaria AND curable 
STIs/RTIs.  

• Azithromycin may be a suitable partner drug 
alongside DP with caveats related to drug resistance 
and cardio-safety.





P-values are from Wilcoxon rank sum test (continuous variables) or Fisher's exact test (categorical variables). 

Characteristics at enrolment: 0-1 dose versus > 2 doses



P-values are from Wilcoxon rank sum test (continuous variables) or Fisher's exact test (categorical variables). 

Characteristics at enrolment: 0-1 dose versus > 2 doses



P-values are from Wilcoxon rank sum test (continuous variables) or Fisher's exact test (categorical variables). 

Characteristics at enrolment: 0-1 dose versus > 2 doses



Characteristics at delivery: 0-1 dose versus > 2 doses



Characteristics at delivery: 0-1 dose versus > 2 doses



Characteristics at enrolment: 2 doses versus > 3 doses

P-values are from Wilcoxon rank sum test (continuous variables) or Fisher's exact test (categorical variables). 



Characteristics at enrolment: 2 doses versus > 3 doses

P-values are from Wilcoxon rank sum test (continuous variables) or Fisher's exact test (categorical variables). 



P-values are from Wilcoxon rank sum test (continuous variables) or Fisher's exact test (categorical variables). 

Characteristics at enrolment: 2 doses versus > 3 doses



Characteristics at delivery: 2 doses versus > 3 doses

P-values are from Wilcoxon rank sum test (continuous variables) or Fisher's exact test (categorical variables). 



Characteristics at delivery: 2 doses versus > 3 doses

P-values are from Wilcoxon rank sum test (continuous variables) or Fisher's exact test (categorical variables). 



Drug resistance and SP
Odds ratio of LBW among paucigravidae following two or more doses of IPTp-SP vs. placebo or no IPTp-SP 
stratified by low and high prevalence estimates of the 581G resistance mutation

Chico RM, Cano J, Ariti C, Collier TJ, Chandramohan D, Roper C, Greenwood B. (2015). Influence of malaria transmission intensity and the 581G mutation on the 
efficacy of intermittent preventive treatment in pregnancy: systematic review and meta-analysis. Trop Med Int Health, 20(12), 1621-1633. doi: 10.1111/tmi.1259



Drug resistance and SP
Odds ratio of LBW among multigravidae following two or more doses of IPTp-SP vs. placebo or no IPTp-SP 
stratified by low and high prevalence estimates of the 581G resistance mutation

Chico RM, Cano J, Ariti C, Collier TJ, Chandramohan D, Roper C, Greenwood B. (2015). Influence of malaria transmission intensity and the 581G mutation on the 
efficacy of intermittent preventive treatment in pregnancy: systematic review and meta-analysis. Trop Med Int Health, 20(12), 1621-1633. doi: 10.1111/tmi.1259


