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Abstract 
Introduction 
Pregnancy-related infection causes an estimated 11% of maternal deaths and increases the 

risk of stillbirth and neonatal mortality. However, definitions vary, measurement methods 

are inconsistent, and the incidence remains poorly described. This thesis aims to improve 

understanding of the measurement, incidence and risk factors of maternal peripartum 

infection.  

Methods 
I conducted a systematic literature review of global incidence of maternal peripartum 

infection; I explored infection definitions and data collection methods. I conducted a 

literature review of postnatal follow-up methods. 

Applying learning from the reviews, I designed a telephone-surveillance cohort study to 

measure incidence and risk factors of postnatal infection in Tanzania.  

Results 
No existing study met the full WHO criteria for maternal peripartum infection. In high-

quality studies, pooled infection incidence per 1000 women was 39 for chorioamnionitis, 

16 for endometritis, 12 for wound infection and 0.5 for sepsis. Only 19% of studies met all 

quality criteria and 41% used a standard definition for infection. Less than half of studies 

followed women after hospital discharge. In the literature review of postnatal follow-up, 

telephone surveillance studies reached 63-91% of women.  

We recruited 879 women and interviewed 791 (90%) by telephone in Tanzania. Age, delivery 

mode and hospital did not affect the chance of reaching women, but 29% of interviews 

required over one call attempt. At day-28 postnatal, infection incidence per 1000 was 49 for 

maternal peripartum infection; 27 for endometritis, 28 for wound infection and with no cases 

of chorioamnionitis. The infection rate was higher in women with caesarean childbirth. 

Conclusion 
Maternal peripartum infection remains an important complication of pregnancy and 

prevention strategies need increased attention. Improved measurement requires validated, 

standard definitions for constituent infections, applicable to low-resource settings, plus 

active postnatal follow-up. Telephone surveillance should be considered for follow-up; in 

Tanzania it achieved good coverage, and infection estimates were consistent with other 

studies.  
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Chapter 1: Introduction and Aims 
 

1.1 Importance of maternal infections 
Preventing maternal and newborn infections was identified in 2015 as a high priority for the 

World Health Organization (WHO) as part of their vision of good quality care for mothers and 

newborns1. Since then, maternal sepsis has received growing international interest, leading 

to the launch of the Maternal and Neonatal Sepsis Initiative by WHO and Jhpiego in early 

20172. The potential seriousness of the condition is hard to ignore. Case-fatality is high; in 

one study in the Netherlands 8% of women with severe obstetric sepsis died3, and a study in 

California found case-fatality rates of 2% among women with severe sepsis and 25% for those 

with septic shock4. The WHO Global Maternal Sepsis Study (GLOSS) conducted in hospitals in 

52 countries reported a case-fatality of 7% among women with severe infection-related 

maternal outcomes5. Case-fatality was highest (15%) in study hospitals in low-income 

countries, and zero during the survey week in high-income countries (HICs). A review in low- 

and middle-income countries (LMICs) in 2001 reported case-fatalities across four African 

studies ranging from 4% to 50%6. 

This high case-fatality leads to a large proportion of all maternal deaths being attributed to 

sepsis. A systematic analysis by WHO in 2014 estimated pregnancy-related sepsis accounted 

for approximately 11% (6-19%) of maternal deaths7. Similarly, sepsis and pregnancy-related 

infection accounted for 11% of all maternal deaths (21,200/193,600 maternal deaths) in the 

Global Burden of Disease (GBD) study in 20178. While the vast majority of deaths, and 

therefore infection-related deaths, occur in LMICs9, infection continues to cause a high 

proportion of maternal mortality in HICs. A study of United States (US) hospital discharge 

data from 2013-16 found 23% of maternal deaths were sepsis-related10 and the United 

Kingdom (UK) confidential enquiry into maternal deaths in 2016-18 found 11% of direct and 

indirect deaths were caused by sepsis11.  

The cause-specific maternal mortality ratio (MMR) for sepsis varies widely between regions 

and countries in line with the large variation in overall MMR. This is illustrated in Table 1.1 

which applies data from the 2015 GBD study to describe the sepsis-specific MMR globally, 

for countries with high and low socio-demographic indices, and a selection of countries 

within sub-Saharan Africa (SSA)12.  
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Table 1.1: Comparison of cause-specific sepsis MMR in different regions and countries 

Region Cause-specific sepsis MMR 
per 100,000 live births1 

World 12.4 

High SDI2 1.0 
Low SDI2 25.2 

Sub-Saharan Africa 21.0 

Namibia 4.2 
Tanzania 24.6 
Central African Republic 36.6 

1) Using data on deaths and livebirths from the 2015 GBD study 

2) Sociodemographic Index 

Even when not fatal, sepsis can have serious long-term consequences, with studies showing 

prolonged physical and cognitive dysfunction13. Genital tract infection can lead to chronic 

pelvic inflammatory disease, future ectopic pregnancies and infertility14. In addition, 

maternal infection has been shown to be associated with poor newborn health. Intrapartum 

fever of >38°C carries a large increased risk of perinatal death in population-based studies15 

and maternal infection in labour is associated with neonatal infection16.  

1.2 Estimates of incidence 
Given the importance of maternal infection, surprisingly little was known about the overall 

incidence when I began this PhD. It was the only major direct cause of maternal mortality 

without a systematic literature review of the burden of disease. Instead, the incidence of 

maternal sepsis was commonly quoted as 40 per 1000: a figure modelled by Dolea and Stein 

for the 2000 GBD study6, using observed data from a single-centre US study17, the difference 

in infection incidence between home and hospital births found in two African studies, and 

the protective effect of prophylactic antibiotics for caesarean delivery from a Cochrane 

review18. More recently, the 2017 GBD study estimated the number of cases of maternal 

sepsis and other maternal infections (including urinary tract and breast infections) at 11.9 

million women, using a model built from US claims data, hospital inpatient data, survey data 

and literature, applying several correction factors and matching to mortality rates19. They do 

not present an incidence risk, but using an estimated 140 million births per year20, this 

number translates to approximately 85 per 1000 births.  

Primary global data is available from two key WHO studies. GLOSS collected data on pregnant 

and postpartum women with infection from 713 facilities in 52 countries of all income levels 

over the course of one week in 20175. A total of 2850 women had suspected or confirmed 

infection from any source, giving a ratio of 70.4 women per 1000 livebirths (95% Confidence 
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Interval (CI) 67.7-73.1), of whom 57% (40.1 per 1000) were diagnosed during labour or 

postpartum. Endometritis, chorioamnionitis and skin or soft tissue infections (including 

wound infections) were each diagnosed in 15% of the women with infection, corresponding 

to incidences of 10.6 per 1000 livebirths. An earlier WHO multi-country study, reported on 

various outcomes for 314,623 women delivering in hospital in 29 countries across Africa, 

Asia, Latin America and the Middle East in 2010-1121. Puerperal endometritis was diagnosed 

in 321 (1 per 1000) women, and sepsis or other systemic infections in 1,216 (4 per 1000). 

Both studies benefited from extensive geographic coverage but were limited to women 

hospitalised at secondary and tertiary facilities.  

A review of puerperal infectious morbidity in SSA in 2009 found limited data, primarily from 

facility-based studies, and concluded that a single, reliable estimate of incidence could not 

be made.22 The largest of the three population-based studies included in the review is a 

prospective study of 20,326 women across six West African countries. Active post-partum 

follow-up identified severe maternal morbidity from puerperal sepsis, leading to 

hospitalisation, hysterectomy or death, in 18 (1 per 1000) women. The high case-fatality rate 

of 33% meant that these few infections contributed to 15% of the total deaths.23 Among the 

facility-based studies, incidence ranged from 2-190 per 1000 women, with the highest risk 

occurring among women with human immunodeficiency virus (HIV) in a South African trial.22 

1.3 Defining maternal infection 
One of the barriers to measuring, managing, and preventing maternal infection is the 

heterogeneity in definitions used. This lack of consensus limits the comparability of studies 

in regard to burden, risk factors, and effective interventions. Terms and definitions found in 

the literature vary according to timing, site and severity of infection. They reflect differences 

in diagnostic capacity, the intentions of the research, and developments in scientific thinking.  

Below, I consider three over-lapping groups of maternal infection and the different ways they 

have been defined: a. maternal infection occurring throughout pregnancy and postpartum 

b. maternal sepsis and c. peripartum infection.  

1.3.1 Maternal infection throughout pregnancy and postpartum 

Table 1.2 illustrates four definitions of maternal infection used in large-scale estimates of 

maternal morbidity and mortality throughout pregnancy and postpartum. The first three 

definitions measure direct infectious causes of maternal morbidity and mortality, including 

genital tract, urinary tract, obstetric wound and breast infections. The definitions are very 

similar, but none are identical. Only the WHO analysis specifically includes obstetric tetanus, 
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and appears to leave out genitourinary tract infections during pregnancy7 and breast 

infections. The GBD study does not list infection in labour12, 19 but is otherwise similar to ICD-

Maternal Mortality (ICD-MM)24. The more recent GLOSS study takes a different approach, 

including all causes of infection, irrespective of whether they are related to or aggravated by 

pregnancy5.  

Table 1.2: Classification of infection throughout pregnancy and postpartum 

Description of infections 
included: 

ICD-10 Study 

GBD 
201512 
and 
201719 

ICD-
MM24 

WHO 
systematic 
analysis of 
maternal 
death7 

GLOSS5 

Infections of 
genitourinary tract in 
pregnancy 

O23 
X X   

Obstetric tetanus A34   X  

Infections of the 
amniotic sac and 
membranes 

O41.1 
 X X  

Sepsis during labour O75.3  X X  

Puerperal sepsis O85 X X X  

Other puerperal 
infections 

O86 
X X X  

Infections of the breast 
associated with 
childbirth 

O91 
 X   

Suspected or confirmed 
infection (direct and 
indirect) 

 
   X 

 

1.3.2 Sepsis 

Some studies focus specifically on maternal sepsis – a severe consequence of infection with 

high case fatality. Understanding and usage of the term sepsis has developed over the last 

decades. In 1992 a Consensus Conference defined sepsis in adults as infection plus a systemic 

inflammatory response syndrome (SIRS) based on abnormal values of: temperature, heart 

rate, respiratory rate or PaCO2, or white cell count25. This was updated in 2016 to the current 

definition of ‘life-threatening organ dysfunction caused by a dysregulated host-response to 

infection’, designated Sepsis-326.  Alongside this, the Sepsis Organ Failure Assessment (SOFA) 

and quick SOFA (qSOFA) were developed to assess severity of organ dysfunction. 

Subsequently, the WHO and Jhpiego underwent a process of re-defining maternal sepsis, 
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publishing a new definition in 2017, defined as “organ dysfunction resulting from infection 

in pregnancy, childbirth, post-abortion, and postpartum”27.  

However, applying sepsis definitions is not without its challenges. A US study comparing ICD-

9 codes with clinical and laboratory findings in patient hospital records found only 11/64 

(17%) women with a code for severe maternal sepsis or septic shock (a diagnosis similar to 

the 2017 definition) met the existing consensus definition28. In addition, the criteria for sepsis 

diagnosis in pregnancy are still in doubt. A systematic review has demonstrated that SIRS 

criteria overlap with normal physiologic parameters during pregnancy making them 

unspecific to disease29, and similar concerns have been raised about using SOFA and qSOFA 

criteria for an obstetric population30. Bespoke obstetric scoring systems have been 

developed but perform worse at predicting mortality compared to those used for the general 

adult population31. SOFA has shown good predictive value for severe maternal outcomes and 

death32, 33 but the ability of qSOFA to predict severe disease or intensive care unit (ICU) 

admission is mixed34, 35.  

A primary aim of the new definition of maternal sepsis is to improve earlier identification 

and treatment, and so reduce mortality. However, the focus on women with organ 

dysfunction carries the danger of resources being transferred to expensive critical care, and 

away from primary and secondary prevention where there may be more opportunity to 

reduce the overall burden of infections.  

1.3.3 Peripartum infection 

The period around birth and postpartum is of particular interest in relation to maternal 

infection due to the high burden of disease, the shared risk factors and opportunities for 

intervention. A commonly used term for infection during this period is puerperal sepsis, 

widely defined as bacterial infection of the genital tract related to childbirth. Confusingly, 

despite the name ‘sepsis’, signs of severe disease are not a requisite, and the precise timing 

varies between definitions. ICD-10 defines it as occurring postpartum36, some medical 

dictionaries specify up to 10 days postpartum37, whereas the WHO technical working group 

also includes intrapartum infection and continue until 42 days38 (Table 1.3).  

In 2014 WHO created a new term, ‘maternal peripartum infection’, in relation to guidelines 

for prevention and treatment of childbirth-related infections. Defined as “bacterial infection 

of the genital tract or its surrounding tissues occurring at any time between the onset of 

rupture of membranes or labour and the 42nd day postpartum” it expands on their earlier 

definition of puerperal sepsis to include infections related to the process of childbirth, such 
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as caesarean section and perineal tears, and clarifies the inclusion of intra- as well as post-

partum infection39. It overlaps with ICD-10 O85 and part of O86, ‘Other puerperal 

infections’36.  

Table 1.3: Classification of peripartum infection 

Source Term Definition Time period Site 

ICD-10 O8536 Puerperal 
sepsis 

Fever, Puerperal 
endometritis, Peritonitis or 
Sepsis. 
(excludes septicaemia during 
labour) 

Postpartum Genital tract 

ICD-10 O8636 Other 
Puerperal 
infections 

Infection of obstetric surgical 
wound, Other infection of 
genital tract (cervicitis, 
endometritis, vaginitis), 
Urinary Tract infection, 
Pyrexia of unknown origin, 
Other specified puerperal 
infections 

Postpartum Genital tract, 
urinary tract, 
obstetric 
wounds, other 

WHO technical 
working group38 

Puerperal 
sepsis 

Genital tract infection with 2 
or more of: Fever, Pelvic 
pain,  Abnormal vaginal 
discharge, Abnormal smell of 
discharge, Delay in uterine 
involution 

Rupture of 
membranes/ 
labour to 
day 42 
postpartum 

Genital tract  

WHO 
recommendations 
for prevention 
and treatment39 

Maternal 
peripartum 
infection 

Bacterial infections related to 
childbirth. Similar clinical 
diagnosis to WHO puerperal 
sepsis. 

Rupture of 
membranes/ 
labour to 
day 42 
postpartum 

Genital tract or 
surrounding 
tissues (including 
delivery-related 
wound infection)  

 

The WHO definition provides clinical criteria for diagnosis of maternal peripartum infection, 

identical to those previously used for puerperal sepsis, and easily applied in LMICs and in 

community settings, without access to laboratory diagnostics. This group of infections 

comprises intrapartum clinical chorioamnionitis (bacterial infection of the genital tract in 

labour), endometritis (bacterial infection of the genital tract postpartum) and infection at 

the site of a caesarean section wound or perineal trauma (infection of surrounding tissues). 

Separate definitions exist for these constituent infections which provide criteria specific to 

each of them. 

In this PhD I will focus on maternal peripartum infections. The WHO guidelines had been 

recently published when I began, therefore this particular group of infections were of current 

interest. These infections carry a significant burden, for example they are responsible for 
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more than half the cases of severe maternal sepsis in the UK. In addition, as global facility 

delivery rates increase, they present a key opportunity for prevention.  

1.4 Measuring Peripartum Infection 
Good epidemiological measurement of disease frequency requires not only a standard 

definition and consistent time period, but also a specified population, a clear denominator 

and a defined measure of disease frequency. The aim should be to measure an incidence 

rate or risk over a specified time. This requires an identified population, free of disease at 

the beginning of study, with follow-up measures in place to identify all cases over the time-

period of interest40.  

There are several challenges in applying these principles to maternal peripartum infection. 

Firstly, the population of interest is usually all women giving birth. However, in countries with 

low facility birth rates, low attendance at birth by a registered practitioner and low birth 

registration, this population can be hard to identify completely. Efforts needed to detect new 

pregnancies and births at community level are intensive, including regular home visits by lay 

workers, and reports from village health workers. A common substitute is to study a cohort 

of women giving birth in a health facility, who can be easily identified and recruited during 

their admission. In these cases, it is important to recognise that this population studied may 

carry a different risk of infection to women giving birth outside a facility, related to the level 

of hygiene, the skill of the birth attendant, but also their additional risk of intervention during 

labour, particularly if they intended to deliver at home but sought facility care for 

complications in labour. 

Another common practice, particularly in near-miss studies, is to identify cases, usually from 

admissions to one or more health facilities, and either present them as a percentage of all 

near-miss cases, or as a rate per number of facility (live) births as the denominator41. Neither 

of these options results in an incidence risk or rate because the denominator does not 

include the whole population of women at risk. The relationship between the population 

contributing to the number of births, and the population producing the cases, will inevitably 

affect the outcome, limiting comparability between studies. Studies conducted in tertiary 

facilities, or in settings with low facility birth attendance, are particularly prone to selection 

bias by including women as cases who do not contribute to the denominator because they 

gave birth elsewhere (another facility or at home).  

Ensuring that women in the cohort are free of the infection at the beginning of follow-up is 

straightforward for some peripartum infections. Postnatal endometritis and birth-related 



22 
 

wound infections are, by definition, only present after childbirth. However, if a woman 

presents with chorioamnionitis in labour it can be difficult to determine whether the 

infection started after labour, or before, and therefore whether to include her as a case, or 

exclude her from the population at risk. Similarly, urinary tract infections (UTI) can occur 

throughout pregnancy, as well as postnatally, and their onset in relation to labour may be 

unclear.  

The final challenge is to identify all cases occurring throughout the postnatal period. Most 

infections will start in the community after hospital discharge42, and milder cases will be 

managed solely by primary healthcare providers or are self-managed, so are consequently 

missed by hospital-based studies. Collating all the relevant sources of health data, or 

following women throughout the postnatal period, is difficult even in HICs. The challenges 

are multiplied in low-resource settings where healthcare delivery involves a multitude of 

informal and private providers, computerisation of records is infrequent, women may live 

far from their place of birth, or from any health facility, and methods of remote 

communication (telephone or post) are more limited. 

1.5 Aetiology 

1.5.1 Microbiology 

The classic, historical cause of puerperal sepsis, Group A haemolytic Streptococcus (GAS), 

remains an important cause of severe disease today. In a study of all maternal sepsis cases 

in 2011-12 in the UK, GAS was the single largest cause of genital tract infection and was 

associated with progression to septic shock43. Outbreaks of GAS have been traced to single 

healthcare practitioners and new cases have stopped after improved hand hygiene, or 

treatment of the individual44, 45. However, a recent 13-year retrospective cohort study in 

Israel only identified a healthcare source in 1/124 cases, leading to the conclusion that most 

transmission occurs in the community, particularly from other family members46. The 

authors suggest further studies into screening during pregnancy, while other groups are keen 

to develop a GAS vaccine to protect against disease47, 48. Despite the continued significance 

of GAS, endogenous pathogens are now of equal, if not greater, importance in HICs. In 2011-

12 in the UK, Escherichia coli and Group B Streptococcus (GBS) were almost equally common 

causes of genital tract sepsis and E. coli caused the majority of sepsis from urinary tract 

infections, making it the most common organism causing sepsis overall43. Likewise, E. coli 

was the most frequently identified organism in studies of maternal sepsis in Canada and the 

US28, 49, 50.  
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Studies in LMICs show a different pattern, most frequently identifying Klebsiella 

pneumoniae, E. coli and Staphylococcus aureus as causes of puerperal sepsis and infection, 

including organisms cultured from blood, endocervical swabs and occasionally urine51-55. The 

data tend to come from small, single-facility studies, reflecting the limited laboratory 

capacity in these contexts, and may not represent of whole countries or regions. In addition, 

the relative rarity of cases of Streptococcus and anaerobes described may be partially 

explained by the greater challenges in identifying them14, 22.  

The value of performing blood cultures to identify a bacterial aetiology in cases of maternal 

sepsis is well-recognised, although many LMICs lack that capacity. However, confirming 

pathogenesis of genital tract infection is not straightforward, even in well-resourced settings. 

Endometrial sampling from the postpartum uterus is risky56, and swabs are frequently 

contaminated by cervical and vaginal flora, making it difficult to interpret results57. The more 

easily performed cervical samples are usually a poor predictor of endometrial organisms and 

of limited value57. In addition, the significance of bacterial growth is not always clear: one 

study comparing samples from afebrile patients and those with clinical endometritis found 

no difference in endometrial flora58 although others have shown associations between 

bacterial isolates and clinical infection22, 59. 

As evidenced from the studies cited above, research into maternal sepsis and genital tract 

infection has primarily focussed on bacterial aetiology. While the WHO definition of maternal 

peripartum infection stipulates a bacterial cause, the new definition of maternal sepsis does 

not specify the aetiology, and future sepsis research will need to give more consideration to 

identifying viral, fungal and parasitic pathogens.  

1.5.2 Antimicrobial resistance 

There is a small recent literature that raises the alarming possibility of growing antimicrobial 

resistance (AMR) of peripartum infections60-62. The increasing rates of facility delivery63 and 

caesarean section globally64 will expose more women to resistant organisms present in 

health facilities, and to broad-spectrum antibiotics that can drive resistance further. This has 

the potential to limit treatment options, worsen outcomes and increase the cost of care. 

Studies of obstetric infection and sepsis in Spain62 and the US50 both found high levels of 

resistance to ampicillin (65% and 81% respectively) among E. coli isolates, with some 

resistance to gentamicin and cefotaxime. In addition, almost half the US cases were resistant 

to extended spectrum beta-lactamases. However, Bacteroides, Enterococcus, GBS and GAS 

were sensitive to ampicillin50. In a study of postpartum women in Uganda, multidrug-
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resistance was high (80%) among gram-negative organisms isolated from blood and urine 

cultures60 and resistance to third-generation cephalosporins was frequent in 

Enterobacteriaceae causing postnatal infection in Bangladesh61.  

A Cochrane review of antibiotic treatment failure for postpartum endometritis found that 

clindamycin and gentamicin (or an alternative aminoglycoside) performed better than 

cephalosporins or penicillins65, reflecting both the common infective organisms (e.g E. coli) 

and their resistance patterns.  

1.5.3 Risk Factors 

Given the potential severity of infection, and growing resistance to treatment, it is important 

to understand and address risk factors for becoming infected or progressing to severe 

disease. These include maternal factors that predispose a woman to infection, and 

complications at the time of birth and healthcare interventions that increase the risk of 

introducing pathogenic agents. Maternal socio-demographics and behaviours, including 

alcohol intake, tobacco use, poor nutrition and obesity, anaemia, low socio-economic status 

and coming from an ethnic minority group have shown associations with infections4, 43, 49, 66. 

In addition, sepsis is increased in women with pre-existing medical conditions including 

diabetes and hypertensive disorders4.  

Complications around the time of birth such as pre-labour or prolonged rupture of 

membranes and prolonged labour increase the chance of vaginal colonising organisms 

ascending to the upper genital tract and causing infection56, 66. Postpartum complications, 

including retained products of conception, or haemorrhage also increase the risk of 

infection4, 49, 66.  

Interventions during birth may similarly increase the risk of ascending infection, and provide 

a route of entry for infectious organisms. Caesarean section appears to be the single most 

important risk factor for developing puerperal infection, particularly emergency operations 

following prolonged rupture of membranes or labour4, 43, 49, 56, 66, 67. Multiple vaginal 

examinations have been shown to increase vaginal colonisation in labour68, and together 

with instrumental delivery, and episiotomy are also cited as risk factors17, 66. Poor hygiene 

behaviours by birth attendants is also considered a risk66, 69. 

Again, data from LMICs are more limited, but, in addition to the factors already mentioned, 

there is also evidence of increased risk of direct peripartum infections among women 

infected with HIV and malaria22.  
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1.6 Newborn Infection 
Early-onset neonatal sepsis is understood to be transmitted vertically from the mother’s 

genital tract around the time of birth, and is related to maternal intrapartum fever and 

chorioamnionitis16. Alongside features of neonatal vulnerability such as low birth weight, 

prematurity and the need for resuscitation, certain risk factors for maternal infection also 

increase the risk of neonatal sepsis, including premature rupture of membranes, prolonged 

labour, and increasing vaginal examinations during labour70, 71. Due to this related aetiology, 

it is important to consider the health of the newborn when studying maternal peripartum 

infection.  

1.6.1 Estimates of incidence among neonates 

There are more deaths from neonatal infection and sepsis than deaths from maternal 

infection. In 2013, sepsis accounted for an estimated 430,000 neonatal deaths globally 

(15.6% of all neonatal mortality), with other infections including pneumonia and tetanus 

contributing a further burden72. As with maternal infection, definitions vary between studies. 

A 2021 systematic review of studies meeting a standard definition for neonatal sepsis 

estimated an overall incidence of 28.2 per 1000 live births with a 17.6% case fatality rate. 

Most of the studies were conducted in middle-income countries and those measuring only 

culture-positive sepsis or possible severe bacterial infection (pSBI) were excluded. However, 

there remained substantial heterogeneity between studies and a moderate to high risk of 

bias73. Incidence varied considerably between world regions. An analysis of hospital-based 

reports in South Asia measured the more restrictive outcome of culture-positive sepsis. As 

expected, the pooled incidence was lower than that of the systematic review at 15.8 per 

1000 live births, but case fatality was higher, at 34.4%74. An earlier systematic review of SSA, 

south Asia and Latin America used the broader definition of pSBI to estimate incidence of 76 

per 1000 births75. 

This burden of disease has significant consequences. The economic burden of neonatal 

sepsis in SSA in the year 2014 is estimated at $10 billion to $469 billion, based on the annual 

loss of 5.29-8.73 million disability-adjusted life years (DALYs)76.  Moderate to severe 

neurodevelopmental impairment is estimated to affect almost one quarter of survivors of 

neonatal meningitis, and 16% of survivors of neonatal tetanus77. Data is lacking for 

impairment following neonatal sepsis, but an effect on the developing brain is biologically 

plausible and very likely78. 
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1.6.2 Defining newborn infection 

Defining sepsis in newborns is even more challenging than in pregnant/postnatal women 

and, as mentioned above, there is considerable variation in the definitions used. The current 

adult definition of sepsis as life-threatening organ dysfunction has not yet been adapted to 

neonates. An adapted paediatric SOFA score (pSOFA) has shown promise as a diagnostic and 

prognostic tool and a neonatal-specific SOFA has been proposed, but requires further work 

and testing79. Isolation of an infective organism is a common diagnostic criteria in HICs79, but 

in LMICs, where microbiological capacity is limited, there is greater reliance on clinical signs. 

The WHO Young Infants Clinical Signs Study (YICSS) identified seven clinical signs and 

symptoms detected by primary care health workers that predicted severe disease requiring 

hospital admission in the first week of life80. Their algorithm is now used to define what is 

termed ‘possible severe bacterial infection’ (pSBI). However, as their aim was to identify sick 

neonates requiring further management to reduce mortality, the criteria favour sensitivity 

over specificity, and the diagnosis includes severe non-infective conditions75.  

1.6.3 Aetiology of newborn infection 

In HICs the most common infective organism for early-onset newborn sepsis is GBS, followed 

by E. coli70. In contrast, a systematic review of the pathogenesis of neonatal sepsis in LMICs 

identified Klebsiella, Staph aureus, Coagulase-negative Staphylococcus and E. coli as the 

leading organisms81. Klebsiella was predominant in Africa compared to Asia and Latin 

America, Coagulase-negative Staph was higher in Latin America and E. coli was more 

dominant in Asia. Findings were similar in a systematic review confined to SSA with Staph 

aureus (25%), Klebsiella (21%) and E. coli (10%) the most common isolates82. Resistance was 

reported to β-lactams (68%) and aminoglycosides (27%). The BARNARDS study provides 

recent data on resistance across seven African and south Asian countries83. Reporting on 

gram-negative bacteria causing sepsis, they found the majority (67%) were resistant to at 

least one β-lactam and one aminoglycoside, and many were also resistant to third-

generation cephalosporins.   

1.7 Background to Tanzania and Dar es Salaam 
The fieldwork conducted in this PhD was done in Dar es Salaam, Tanzania. The population of 

Tanzania is approximately 60 million, of whom 30% live in urban areas including Dar es 

Salaam84. The population of Dar es Salaam is on average wealthier and better educated than 

the rest of Tanzania, with 84% of households falling into the highest wealth quintile. Among 

women of childbearing age (15-49 years), 44% have completed secondary school and 66% 
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are employed; 63% in unskilled labour or domestic service. Across all urban areas of 

Tanzania, 56% of households access mains electricity and 92% own a mobile telephone.  

The maternal mortality ratio in Tanzania in 2015-16 was 556 per 100,000 live births and 

perinatal mortality in urban areas was 47 per 1000 pregnancies lasting over 7 months. In Dar 

es Salaam, 94% of women deliver in a health facility and 17% deliver by caesarean section, 

almost half of which are elective operations. Despite this high facility delivery rate, only 58% 

of women and 69% of newborns have a postnatal check in the first 2 days after giving birth 

and 38% of women have no postnatal check in the first 6 weeks. Many women (61%) describe 

at least one problem with accessing health care; money problems (40%) and distance to 

health facility (37%) being the most common84.  
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1.8 Aims and objectives 
In response to the knowledge gaps and measurement challenges described above, this PhD 

aims to improve understanding of the measurement and incidence of, and risk factors for 

maternal peripartum infection, with a particular focus on LMICs. A comparison of 

measurement methods should help to explain the heterogeneity of results, highlight 

challenges and limitations, and lead to improved methods in future research. Estimates of 

incidence and assessment of risk factors will draw attention to the scale of the problem and 

potential preventive activities. This information can be used to advocate for improved policy 

and practice, and ultimately enhance efforts to prevent disease, while protecting the efficacy 

of antibiotics.38 

To meet this aim, I conducted a systematic literature review of infection incidence, narrative 

reviews of measurement methods, and primary data collection in Tanzania. In doing so, I 

sought to address the following questions: 

1. What is the global and regional incidence of maternal peripartum infection in 

existing literature? 

2. How is incidence of maternal peripartum infection measured in existing literature 

and what are the strengths and limitations of these methods? With particular 

reference to: 

o Data collection methods to identify cases 

o Infection definitions  

3. Considering the importance of identifying infection in a cohort of postpartum 

women, what are the strengths and limitations of methods used in the literature to 

conduct postpartum follow-up of mothers and newborns? 

4. Applying lessons learnt on infection measurement, is telephone surveillance of 

postpartum infection feasible in urban Tanzania? What are the factors associated 

with coverage and efficiency 

5. What is the incidence of postpartum infection in urban Tanzania, measured by 

telephone surveillance? 

6. What are the risk factors and consequences of postpartum infection in urban 

Tanzania? 
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1.9 Structure of thesis 
This thesis is presented as a combination of three papers, two published and one 

unpublished, with additional chapters of methods and results. An introduction to each of the 

three papers details the role of the candidate, while a cover sheet provides publication 

details and the role of co-authors. The published papers have been formatted and edited to 

bring them in line with the style of the thesis overall. The published versions are provided in 

the appendix.  

Chapter 1 provides the background to maternal peripartum infection incidence, 

measurement and risk factors, and presents the aims and structure of this thesis.  

Chapter 2 presents a published systematic review, meta-analysis and meta-regression to 

answer question 1.  

Chapter 3 presents the methods and results of an additional analysis of the studies included 

in the published systematic review, to answer question 2. 

Chapter 4 presents the methods and results of a literature review, to answer question 3.  

Chapter 5 presents the methods for a postpartum telephone surveillance study conducted 

in Tanzania, to address questions 4-6.  

Chapter 6 presents a paper (unpublished) on the feasibility of the surveillance study 

conducted in Tanzania, to answer question 4. 

Chapters 7 presents a published paper of the incidence, risk factors and consequences of 

infection in the Tanzanian study, to answer questions 5 and 6. 

Chapter 8 discusses the key findings and their implications for future research and practice 
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Chapter 2. Incidence of maternal peripartum infection: 

A systematic review and meta-analysis 
 

2.1 Introduction 
The first question asked by this PhD is ‘what is the global and regional incidence of 

maternal peripartum infection in existing literature?’ To address this question, I conducted 

a systematic review of published literature from the preceding 10 years that reported the 

frequency of maternal peripartum infections. I conducted meta-analyses of the results to 

produce pooled incidences of infection, and meta-regressions to investigate heterogeneity 

between studies.  

I conceived the methods within the framework for systematic reviews provided by the 

Maternal Morbidity Working Group of the WHO. I developed the specific research 

question, search strategy, extraction forms and analysis. I received some advice on the 

search strategy from a librarian at London School of Hygiene and Tropical Medicine 

(LSHTM) and colleagues who had conducted maternal morbidities reviews within LSTHM. I 

conducted the database search, title and abstract screening, full-text screening, and data 

extraction, together with the second author, Ana Montoya. Two other co-authors 

contributed to the screening and extraction process. With statistical support from Clara 

Calvert and Andrea Rehman, I developed the analysis plan and conducted the meta-

analyses and meta-regressions. I produced the tables of results and Forest Plots, wrote the 

first draft of the paper, and led on all revisions.  
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2.2 Cover Sheet 
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2.3.1 Abstract 

Background 

Infection is an important, preventable cause of maternal morbidity and pregnancy-related 

sepsis accounts for 11% of maternal deaths. However, frequency of maternal infection is 

poorly described and to our knowledge it remains the one major cause of maternal 

mortality without a systematic review of incidence. Our objective was to estimate the 

global incidence of maternal peripartum infection.  

Methods and Findings 

We searched Medline, EMBASE, Global Health and five other databases from January 2005 

to June 2016 (PROSPERO: CRD42017074591). Specific outcomes comprised 

chorioamnionitis in labour, puerperal endometritis, wound infection following caesarean 

section or perineal trauma, and sepsis occurring from onset of labour until 42 days 

postpartum. We assessed studies irrespective of language or study design. We excluded 

conference abstracts, studies of high-risk women and data collected before 1990. Three 

reviewers independently selected studies, extracted data, and appraised quality. Quality 

criteria for incidence/prevalence studies were adapted from the Joanna Briggs institute. 

We used random-effects models to obtain weighted pooled estimates of incidence risk for 

each outcome, and meta-regression to identify study-level characteristics affecting 

incidence.  

From 31,528 potentially relevant articles, we included 111 studies of women in labour or 

postpartum from 46 countries. Four studies were randomised controlled trials, two were 

before-after intervention studies and the remainder were observational cohort or cross-

sectional studies. The pooled incidence in high-quality studies was 39 per 1000 (95% 

Confidence Interval (CI) 18-68 per 1000) for chorioamnionitis, 16 per 1000 (95% CI 9-25 per 

1000) for endometritis, 12 per 1000 (95% CI 10-15 per 1000) for wound infection, 0.5 per 

1000 (95% CI 0.3-0.7 per 1000) for sepsis and 11 per 1000 (95% CI 3-24 per 1000) for 

maternal peripartum infection. 19% of studies met all quality-criteria. There was little data 

from developing countries and marked heterogeneity (I2>99%) in study designs and 

infection definitions, limiting the interpretation of these estimates as measures of global 

infection incidence. Interpretation is further limited by the inclusion of studies that were 

not conducted at population-level and of those restricted to low-risk groups of women. In 

addition, studies published after June 2016 have not contributed to our findings.  
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Conclusions 

In this study we observed pooled infection estimates of almost 4 per 1000 in labour and 

between 1-2 per 1000 postpartum indicating that maternal peripartum infection remains 

an important complication of childbirth. Incidence risk appears lower than modelled global 

estimates, although differences in definitions limit comparability. Better quality research, 

using standard definitions, is required to improve comparability between study settings 

and to demonstrate the influence of risk factors and protective interventions.  
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2.3.2 Introduction 

Infection is an important preventable cause of maternal morbidity and mortality, with 

pregnancy-related sepsis accounting for approximately 11% (95% uncertainty interval 5.9%-

18.6%) of maternal deaths globally7. Infection also contributes significantly to deaths from 

other causes27 and leads to serious consequences, including chronic pelvic inflammatory 

disease, ectopic pregnancy and infertility14. Intrapartum fever also increases the risk of 

perinatal death15. Improved understanding of maternal infection is key to achieving the 

sustainable development goals (SDGs) and executing the strategies toward ending 

preventable maternal and neonatal mortality. However, the frequency of infection in 

pregnancy is poorly understood; review of maternal morbidity identified no published 

systematic literature review of infection incidence, making it the one major direct cause of 

maternal morbidity without such a review to our knowledge86. A commonly cited estimate 

of 40 per 1000 for puerperal sepsis, modelled for the 2000 Global Burden of Disease (GBD), 

is based on a single-centre United States (US) study, two African studies comparing home 

and hospital, and a Cochrane review on antibiotic prophylaxis for caesarean section 

comprising 66 studies6. Recent 2017 GBD data estimate 12.1 million incident cases of 

maternal sepsis and other maternal infections, including mastitis19.  

A challenge in quantifying the incidence of pregnancy-related infection is the variety of 

terms, definitions, time-periods, sites and severity of infections used, partly reflecting the 

breadth of infectious disease in this period. A commonly used term such as puerperal 

sepsis can range from localised symptoms and signs of genital tract infection38 to more 

disseminated disease, including peritonitis, pyemia and sepsis36, and with time-periods that 

can vary from the first 10 days37 to 42-days postpartum36 and sometimes include sepsis in 

labour38. In partial response to this quantification challenge, a new definition for maternal 

sepsis was published in early 201827. However, the challenges remain in relation to less 

severe disease.  

This review focusses on  recent epidemiological evidence for the incidence of ‘maternal 

peripartum infection’, defined by the World Health Organization (WHO) in 2015 to 

encompass infections of the genital tract and surrounding tissues from onset of labour or 

rupture of membranes until 42 days postpartum39. At a time of increased global attention 

on maternal sepsis, this group of infections was chosen as being notable for causing over 

half the cases of severe maternal sepsis in the UK. In addition, the direct association of 

maternal peripartum infection with the process of giving birth presents key opportunities 

for prevention and for protecting the efficacy of antibiotics, amidst growing concerns about 
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antimicrobial resistance39. To aid prioritisation by decision makers and guide future 

research, we set out to estimate the average global incidence of maternal peripartum 

infection. 

2.3.3 Methods 

The review was registered with PROSPERO [CRD42017074591] and conducted according to 

PRISMA guidelines (Appendix B). 

Search strategy 

We searched Medline, EMBASE, Global Health, Popline, CINAHL, the Latin American and 

Caribbean Health Science Information (LILACS) database, Africa-Wide Information, and 

regional WHO on-line databases using Global Index Medicus from January 2005 to June 

2016. Search strategies were customised to each electronic database’s individual subject 

headings and searching structure (Appendix C). The approach was to include articles if their 

abstract, title, or keywords contained a maternal term, an infection term, and a term for 

incidence/prevalence.  

Exclusion Criteria 

All identified studies were systematically assessed, irrespective of language or study design. 

For clinical trials where the infection risk differed between study arms (p<0.05), we used 

the control arm or the arm most similar to usual care. There were no case-control studies 

in which incidence/prevalence could be estimated.  

Studies were excluded if their titles or abstracts indicated they had any of the following: 

• No data on maternal peripartum infection 

• A composite outcome from which it was not possible to extract data on maternal 

peripartum infection alone 

• Only a subgroup of women at higher risk of infection than the general population 

of peripartum women (e.g. only caesarean section deliveries or only women with 

diabetes)  

• No quantitative data  

• No numerator 

• No denominator for the total population of women 

• Fewer than 30 participants 

• Data collected before 1990, because of potential decreases in incidence over 

time. If a study spanned 1990 but disaggregated by year, data from 1990 

onwards were used 

• Conference and poster abstracts 
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• No primary data, except for reviews, which were hand-searched for additional 

primary studies.  

We sought the full text for all remaining studies, including those where the abstract had 

insufficient information to decide. The same exclusion criteria applied to full texts. 

Outcome definitions 

WHO defines maternal peripartum infection as ‘a bacterial infection of the genital tract or 

surrounding tissues occurring at any time between the onset of rupture of membranes or 

labour and the 42nd day postpartum’39. We considered this to encompass specific 

constituent infections, namely chorioamnionitis in labour, puerperal endometritis, and 

wound infection following caesarean section, perineal tear or episiotomy. We included 

sepsis occurring within the defined time-period, restricted to sepsis of genital tract or 

wound origin when possible. We included a fifth category, ‘maternal peripartum infection’, 

for studies with a composite outcome of two or more of the above infection types or those 

that used a broader or unspecified definition of infection within the peripartum period.  

Measures of Frequency 

We aimed to estimate the incidence risk of infection in the peripartum period, defined as 

cases of infection emerging until 42 days postpartum among women who were infection- 

free at the start of labour. As the starting point is clear (labour) and the follow-up period is 

short (42 days), we considered most studies to have approximated a measure of incidence 

risk (rather than a rate or period prevalence), and report the results as such.  

Screening and data extraction 

We used the Institute of Education software, Eppi-Reviewer 4, to store citations and full-

text articles, to detect duplicates, and to code screening and data extraction. SW and AM 

double-screened 300 (approximately 1%) title and abstracts to ensure consistency; the rest 

were single-screened. Full-text screening and extraction was conducted by SW, AM and 

MB, with approximately 8% of articles double-screened and extracted to ensure 

consistency. AM extracted Spanish papers, and MB extracted Portuguese papers. LP 

screened over 40 Chinese-language papers and extracted from the included studies. 

Queries were resolved through discussion and, when necessary, with input from a third 

reviewer (OMRC). Nine authors were contacted to clarify study eligibility.  
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Data extracted included language, location and dates of study, study population, study 

design, sampling, outcome definition, denominator, time-period for observing infection, 

data source, diagnosis, and incidence of infection (Appendix D). 

Critical appraisal of studies 

We appraised the quality of each study outcome according to criteria in Table 2.1, adapted 

from Joanna Briggs Institute criteria for assessing incidence/prevalence studies87. For each 

criterion, estimates were classified as having met the criteria or not or of providing 

insufficient information to judge. Estimates meeting all five criteria were considered high-

quality.  

To determine if a standard definition was used (criterion 3), we compared the study 

definition to internationally recognised definitions for each infection (Table 2.2). The most 

recent definition of sepsis (Sepsis-3) agreed upon in early 201688 and the related definition 

for maternal sepsis27 proposed by WHO and JHPIEGO in 2017 were not used as these 

supersede our included studies, however, these revised definitions are similar to the 

definition for severe sepsis.  

If all study cases fell within these definitions, the criterion was met, even if the study 

definition was more restrictive and may have consequently underestimated infection 

incidence. Reference to national guidelines or obstetric textbooks met the criteria, as did 

clearly specified and appropriate ICD-9/10 codes (Table 2.3). No codes exactly match the 

WHO definition of maternal peripartum infection, but we classified studies using ICD-9 670 

(Major puerperal infection, including endometritis and puerperal sepsis)89 and ICD-10 O86 

(other puerperal infection including endometritis and wound infection)90 as having 

measured maternal peripartum infection.  
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Table 2.1: Quality Assessment Criteria 

 Quality assessment criteria  

1 Were study participants representative of the study target 
population? (appropriate recruitment strategy and sampling) 

Selection bias 

2 Was data analysis conducted with sufficient coverage of the 
identified sample? (refusals and loss are small (<15%) and 
unlikely to be related to the outcome) 

Attrition/missing 
data 

3 Was a clear, standard definition used for maternal infection?  Measurement bias 

4 Was infection measured reliably using trained/educated data 
collectors, appropriate/reliable diagnostic procedures, or 
reliable forms of retrospective data (clinical records meeting 
standard definitions) 

Measurement bias 

5 Were study subjects and setting described in sufficient detail 
to determine whether results are comparable with other 
studies? 

Poor 
characterisation of 
study population 

 

Table 2.2: Standard Definitions for Infection outcomes 

Infection Subgroup Definition Additional comments 

Chorioamnionitis91  Fever (>38°C), plus one of: 
maternal tachycardia,  
fetal tachycardia,  
uterine tenderness, or  
foul-smelling vaginal discharge 
during labour. 

Studies of histological 
chorioamnionitis and 
microbial invasion of the 
amniotic fluid were 
excluded from the review 
 

Endometritis92  At least two of the following: 
fever (>38°C),  
abdominal pain with no other 
recognised cause,  
uterine tenderness with no 
other recognised cause, or  
purulent drainage from uterus. 

 

Wound Infection92 Superficial One of:  
a) purulent drainage,  
b) organisms cultured,  
c) incision deliberately opened 
AND at least one of pain, 
tenderness, swelling, erythema 
or heat, or 
d) diagnosis by attending 
doctor.  

 

 Deep Involves fascia and muscle and 
one of  
a) purulent drainage,  
b) spontaneous dehiscence or 
reopening AND organisms 
identified AND symptoms 
similar to superficial infection, 
or 
c) abscess. 

 



42 
 

 Organ/space Deeper than fascia and meets 
criterion for a specific 
organ/space infection e.g. 
endometritis, and one of  
a) purulent drainage from a 
drain,  
b) organisms, or 
c) abscess 

 

Sepsis25 Infection plus 
SIRSa 

At least 2 of  
a) temperature >38°C or <36°C,  
b) heart rate >90/minute,  
c) respiratory rate >20/minute 
or PaCO2

b <32 mm Hg, and/or 
d) WCCc >12,000/mm3 or 
<4000/mm3 or >10% immature 
bands 

We also accepted slightly 
different ranges (e.g. 
heart rate >100/minute, 
WCCc >17,000/mm3) 
because of uncertainty 
regarding appropriate 
values for pregnant and 
postpartum women 

 Severe Sepsis Sepsis associated with organ 
dysfunction, hypoperfusion, or 
hypotension.  
Abnormalities included, but 
were not limited to, lactic 
acidosis, oliguria, or an acute 
alteration in mental status 

Studies that used 
management indicators of 
severe disease such as ICU 
admission or prolonged 
hospital stay were also 
accepted.  

 Blood stream 
infection 

Positive blood culture  

Maternal 
Peripartum 
Infection 

 Two or more of the above 
definitions, presented as a 
composite outcome 

 

aSIRS – Systemic inflammatory response syndrome. bPaCO2 – Partial pressure of Carbon 

Dioxide. cWCC – White Cell Count. 

Table 2.3: ICD 9/10 codes for infection definitions 

Outcome ICD-9 ICD-10 

Chorioamnionitis 658.4, 659.2, 762.7 O41.12 

Endometritis 670.1 O86.12 

Wound infection 674.3 – But no studies specified ICD codes 

Sepsis:  SIRS* (including puerperal sepsis) 670.2, 995.91 O85 

 Severe Sepsis 995.92, 785.52 R65.20, R65.21 

 Bacteraemia/Septicaemia 038, 659.3, 790.7 R78.81, A40, A41 

Peripartum infection  670 O86 

Plus a combination of the codes above 

*SIRS – Systemic inflammatory response syndrome 

Data Management and Analysis 

We analysed infection incidence estimates separately for chorioamnionitis, endometritis, 

wound infection, sepsis, and maternal peripartum infection.  
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We exported and managed data in Microsoft Excel and STATA 15.1. We extracted 

information on study characteristics with potential to influence the risk of infection for use 

in meta-regression. We categorised geographical location using SDG world regions93. We 

created a variable named ‘study extent’ to reflect how nationally representative the study 

population might be: national level (total population or representative sample), 

state/regional level, health facility network (e.g. surveillance network or insurance 

scheme), two or more facilities or field sites, single facility or field site. Data collection was 

coded as routine or specific to the study. We coded diagnostic method as clinical or based 

on reported symptoms, except for chorioamnionitis, for which we compared the use of ICD 

codes with specified clinical signs. We grouped total follow-up time as being until hospital 

discharge, 7 days, 30 days or 42 days postpartum. We grouped studies as only being of low-

risk women (e.g., low obstetric/medical risk, live birth, vaginal delivery, singleton 

pregnancy or term birth) versus including all women who delivered.  

We conducted meta-analyses in R version 3.5.0 using the meta94 and metaphor95 packages 

to obtain a weighted pooled estimate of incidence of each infection outcome 1) all studies, 

2) for high quality studies, and 3) stratified by world region. The pooled estimate of sepsis 

was also stratified by three levels of severity. When studies using nationally representative 

databases measured the same infection outcome over the same dates, we kept the study 

with the longest time-period.  

Infection incidence risk (as a proportion) was transformed using the Freeman-Tukey 

transformation to approximate a normal distribution and stabilise the variance96, 97. 

Because study designs and outcome definitions varied, we used random effects to combine 

study estimates87. The tau2 measure of between-study heterogeneity was estimated using 

restricted maximum likelihood98. The pooled estimates were back-transformed, and results 

were presented as proportions. We generated prediction intervals to provide a predicted 

range for the true incidence in any individual study99. As sensitivity analyses, we calculated 

standardised residuals, removed outliers with p>0.05 (based on the t distribution), and 

noted changes in heterogeneity and precision intervals. 

We used meta-regression and reported odds ratios (OR), 95% Confidence Intervals (CIs), 

and p-values from Wald-type tests to explore whether world region or study characteristics 

influenced infection incidence. Infection risk was log-transformed, and univariate random-

effects models were used to explore associations between each variable and odds of 
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infection. World region and variables with evidence of association (p<0.1) were included in 

multivariable models unless data were sparse or closely correlated.  

2.3.4 Results 

Figure 2.1 shows the 31,528 potentially relevant articles identified, of which 1543 were 

eligible for full-text review after title and abstract screening. We could not find two full 

texts. Of the remaining 1541 full texts screened, 111 were included. Common reasons for 

exclusions were ineligible types of publication (N=493) or for which the study involved only 

a subgroup of high-risk women (N=405), e.g. caesarean deliveries only. Most included 

papers were in English, with six in Chinese100-105, four in Spanish106-109, four in Portuguese110-

113, three in French114-116 and one each in Bulgarian117, Bosnian118 and Romanian119. Twenty-

seven studies reported chorioamnionitis, 38 reported endometritis, 28 reported wound 

infection, 27 reported sepsis, and 28 reported maternal peripartum infection (Additional 

Tables of Results).  

Description of Study Populations 

The 111 studies included data from 46 countries. Four studies were randomised controlled 

trials102, 120-122, two were before-after intervention studies101, 123 and the remainder were 

observational cohort or cross-sectional studies. Three studies had multiple countries: one 

covered nine European countries124, a second involved nine Asian countries125 and the third 

had sites in South Asia, Latin America and sub-Saharan Africa126. Of the remaining studies, 

57 occurred in North America and Europe of which 38 were in the US. There were 14 in 

Central and South Asia, 12 in East and South-east Asia, 11 in Latin America, seven in sub-

Saharan Africa, six in Western Asia and North Africa and one in Australia. Nearly half the 

studies were of one hospital, but many studies also attempted to capture all births in a 

country, or a representative sample of them using birth certificate data or national hospital 

databases. In the regions/countries using such hospital databases (North America, Europe, 

Japan, Thailand), over 95% of all births are in hospital facilities. In low- and middle-income 

countries (LMICs), only nine studies (in 10 countries: Tanzania, Nigeria, Egypt, Bangladesh, 

India, Pakistan, Argentina, Guatemala, Kenya and Zambia) sought to capture population-

level data.  
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Fig. 2.1: Flow diagram of studies 
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Study Quality 

Table 2.4 shows the quality scores for the studies. When studies had multiple infection 

outcomes, the lowest score is presented. Of 111 studies, 19% met all five quality-criteria, 

37% met four, 22% met three, 14% met two, 7% met one and 2% did not meet any. Only 

41% of studies used a standard definition for infection and 37% also measured infection 

reliably, thereby meeting both measurement criteria. In 13% of studies, there was attrition 

or missing data in >15% of observations, and 31% of studies had a risk of selection bias. 

Women or study sites were poorly characterised in 25% of studies. 

Incidence of infection 

Incidence results are presented separately for the five infection outcomes (Table 2.5). Six 

studies contributed no data to the meta-analyses because of overlapping populations and 

dates127-132. Heterogeneity was high, as measured by I2 (>99% for all pooled estimates), but 

tau2 values were small and are probably more meaningful for these data since they 

measure actual between-study variance133. We identified six outlier estimates, all with high 

infection incidence, described below. One single-facility US study of chorioamnionitis in 

low-risk pregnancies provided no infection definition134. Three studies classified as 

endometritis from Bangladesh, Pakistan, and Turkey relied on self-reported symptoms of 

pelvic or vaginal infection135-137. An Indian study gave no definition for their measure of self-

reported puerperal sepsis collected up to six months after delivery138, and similarly, a 

Nigerian study gave no definition for their measure of self-reported postpartum infection 

collected up to three years after giving birth139. Removal of these outliers did not change I2 

but led to important reductions in both tau2 and prediction intervals; therefore, meta-

analyses results are presented after removing these outliers.  
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Table 2.4: Quality of 111 included studies 

Yes  

Unclear  

No  

 

Author (date) Sampling Coverage Definition 
Data 
collection 

Sufficient 
detail 

Abramovici (2014) • Yes • No • Yes • Yes • Yes 

Acosta (2013) • Yes • Yes • Yes • Yes • Yes 

Admaty (2012) • No • Unclear • Yes • Yes • No 

Ahnfeldt-Mollerup 
(2012) 

• Yes • Yes • No • No • No 

Al-Ostad (2015) • Yes • Yes • Yes • Yes • Yes 

Andersson (2011) • No • Yes • Unclear • No • No 

Avci (2015) • Unclear • Yes • No • Unclear • Yes 

Ayzac (2008) • Yes • Yes • Yes • Yes • Yes 

Bailit (2006) • Yes • Yes • No • Yes • Yes 

Bailit (2013) • Yes • Yes • No • Yes • Yes 

Bakr (2005) • Yes • Yes • No • Yes • Yes 

Balestena (2015) • No • Yes • No • Yes • No 

Bauer (2013) • Yes • Yes • Yes • Yes • Yes 

Bear (2016) • Yes • Yes • Yes • Yes • No 

Belfort (2010) • Yes • Yes • No • Yes • No 

Ben (2007) • Yes • Yes • Yes • Yes • No 

Benincasa (2012) • Yes • Yes • No • Yes • No 

Berg (2009) • Yes • Yes • Yes • Yes • No 

Bianco (2013) • Unclear • Yes • Yes • Unclear • Yes 

Bleich (2012) • Yes • Yes • No • Yes • Yes 

Boccardo (2013) • Yes • Yes • Yes • Yes • Yes 

Bodner (2011) • Unclear • Yes • No • Unclear • Yes 

Borders (2012) • Unclear • Yes • No • Yes • Yes 

Braun (2015) • Yes • Yes • Yes • Yes • Yes 

Butchon (2014) • Yes • Yes • Yes • Yes • Yes 

Callaghan (2008) • Yes • Yes • Yes • Yes • Yes 

Cape (2013) • Yes • Yes • Yes • Yes • No 

Caughey (2007) • Yes • Yes • Yes • Yes • Yes 

Cavazos-Rehg (2015) • Yes • Yes • Unclear • Yes • Yes 

Charrier (2010) • Yes • Yes • Yes • Yes • No 

Cheng (2007) • Yes • Yes • Unclear • Yes • Yes 

Cheng (2010) • Yes • Yes • Yes • Yes • Yes 

Chongsuvivatwong 
(2010) 

• Unclear • Unclear • Unclear • Yes • No 
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Danilack (2015) • Unclear • Yes • No • Yes • No 

Danish (2010) • Unclear • Unclear • No • Unclear • No 

Darmstadt (2009) • Yes • Yes • Yes • Yes • Unclear 

Dasgupta (2014) • Unclear • No • No • Unclear • Yes 

David (2012) • Yes • Yes • No • Unclear • No 

Debasmita (2010) • No • Unclear • No • Yes • No 

Dimitriu (2010) • Yes • Yes • No • Unclear • No 

dong (2009) • Yes • Yes • No • Yes • Yes 

Dong (2010) • Unclear • Yes • Yes • Yes • Yes 

Dotters-Katz (2015) • Yes • Yes • Yes • Yes • Yes 

Dumas (2008) • Yes • Yes • Yes • Unclear • Yes 

Edwards (2015) • Yes • Yes • Yes • Yes • Yes 

Escosteguy (2013) • Yes • Yes • Yes • Yes • Yes 

Ezugwu (2011) • Yes • No • No • Unclear • No 

Fassett (2013) • Yes • Yes • Yes • Yes • No 

Fronczak (2005) • Yes • No • Yes • No • Yes 

Galyean (2009) • Yes • Yes • No • Yes • No 

Geller (2010) • Yes • Yes • No • Yes • Yes 

Getahun (2010) • Unclear • Yes • Yes • Yes • No 

Gibson (2014) • Yes • No • No • Yes • Yes 

Goff (2013) • Yes • Yes • No • Yes • Yes 

Gozum (2005) • Unclear • No • No • No • Yes 

Grotegut (2008) • Unclear • Yes • Yes • Yes • Yes 

Guendelman (2006) • Yes • Yes • Yes • Yes • Yes 

Guimaraes (2007) • Yes • Yes • Yes • Unclear • Yes 

Harrison (2015) • Yes • Yes • No • Unclear • Yes 

Huda (2012) • Yes • Yes • Yes • Yes • No 

Ivanov (2014) • Yes • Yes • No • Yes • No 

Iyengar (2012) • Yes • Yes • No • Yes • Yes 

Jaleel (2009) • No • Unclear • No • Unclear • Yes 

Janssen (2009) • Yes • Yes • Unclear • Unclear • Yes 

Jin (2011) • Unclear • Yes • No • Yes • Yes 

Jokhio (2005) • Yes • Yes • No • No • Yes 

Karlstrom (2013) • Yes • Yes • No • Yes • Yes 

Karolinski (2013) • Unclear • Yes • Yes • Yes • Unclear 

King (2012) • Yes • Yes • Yes • Yes • No 

Knowles (2014) • Yes • Yes • Yes • Yes • Yes 

Kovavisarach (2005) • Unclear • Yes • Unclear • Yes • No 

Kovavisarach (2010) • Unclear • Yes • No • Unclear • Yes 

Kuklina (2008) • Yes • Yes • Yes • Yes • Yes 

Kyser (2012) • Yes • Yes • Unclear • Yes • Yes 
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Latif (2013) • Yes • Yes • No • Unclear • Yes 

Laws (2014) • Unclear • Yes • Unclear • Unclear • Yes 

Leth (2009) • Yes • Yes • No • Yes • Yes 

Liu (2007) • Yes • Yes • Yes • Yes • Yes 

Liu (2010) • Unclear • Yes • Yes • Yes • No 

Lulu (2014) • Unclear • Yes • Yes • Yes • Yes 

Luz (2008) • Yes • Yes • Yes • Yes • Yes 

Lyndon (2012) • Yes • Yes • Unclear • Yes • Yes 

Magann (2008) • Yes • Yes • Unclear • Yes • Yes 

Magann (2011) • Yes • Yes • Unclear • Yes • Yes 

Malloy (2014) • Yes • Yes • Unclear • Yes • Yes 

Maric (2006) • No • Yes • No • Yes • No 

Matsuda (2011) • Yes • Unclear • Yes • Yes • Yes 

Mayi-Tsonga (2007) • Yes • Yes • Yes • Yes • Yes 

Nasreen (2007) • Yes • Yes • No • No • Yes 

Nelson (2014) • Yes • Yes • No • Yes • Yes 

Ngoc (2005) • Unclear • Yes • Unclear • Yes • Yes 

Ngoga (2009) • No • Yes • Unclear • Unclear • Yes 

Okumura (2014) • Yes • Yes • No • Yes • Yes 

Oladapo (2007) • No • Yes • No • Yes • Yes 

Osmundson (2011) • Yes • Yes • No • Unclear • Yes 

Pallasmaa (2008) • Yes • Yes • No • Yes • Yes 

Pallasmaa (2015) • Yes • Yes • No • Yes • Yes 

Palmer (2015) • Yes • Yes • Yes • Yes • Yes 

Panichkul (2007) • Yes • Yes • No • Yes • Yes 

Peret (2007) • No • Yes • No • Yes • Yes 

Ramírez-Villalobos 
(2009) 

• No • No • Yes • Yes • Yes 

Saizonou (2014) • Yes • Yes • No • Yes • Yes 

Sanabria (2011) • Unclear • Yes • No • Unclear • No 

Shah (2011) • Unclear • Yes • Unclear • Yes • No 

Shazia (2015) • No • Unclear • No • No • No 

Shriraam (2012) • Unclear • Yes • No • No • Yes 

Simoes (2005) • Yes • Yes • Unclear • Yes • No 

Tabcharoen (2009) • Yes • Yes • No • Yes • Yes 

Wang (2010) • Yes • Yes • Yes • Yes • Yes 

Winani (2007) • Unclear • Yes • Yes • Yes • Yes 

Zhang (2005) • Yes • Yes • Yes • Unclear • No 
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Table 2.5: Summary estimates for all infection outcomes 

 All studies 
Meta-analyses of all studies 
(Excluding Outliers) 

High-Quality 
studies 

Meta-Analysis of  
High-Quality studies 

Infection Type N 

Range 
per 
1000 N 

Pooled 
Incidence per 
1000 
(95% CI) 

95% 
PI* N 

Range 
per 
1000 N 

Pooled 
incidence 
per 1000 
(95% CI) 

95% 
PI* 

Chorioamnionitis 28 6-197 21 41 (25-62) 0-180 8 9-126 7 39 (18-68) 0-179 

Endometritis 41 0-162 36 14 (9-19) 0-59 6 3-25 6 16 (9-25) 0-60 

Wound infection 30 0-109 30 21 (12-32) 0-112 1 12 1 12 (10-15) - 

Sepsis 31 0-38 26 1.1 (0.4-2.1) 0-6 13 0.2-1.3 11 0.5 (0.3-0.7) 0-1.8 

Maternal 
peripartum 
infection 30 1-181 26 19 (13-28) 0-79 7 2-58 7 11 (3-24) 0-83 

*PI – Prediction Interval 

Chorioamnionitis  

Chorioamnionitis incidence ranged from 6 to 197 per 1000 with a pooled incidence of 41 

per 1000 (95% CI 25-62 per 1000) (Table 2.5). The prediction interval was wide, suggesting 

the incidence in any future study could lie between 0 and 180 per 1000. In North America 

and Europe, the pooled incidence was 49 per 1000 (Fig. 2.2). Only three studies were 

conducted in other regions. In the univariate meta-regression (Table 2.6), study extent 

explained 38% of the heterogeneity, with the highest incidence seen in single-hospital 

studies. Studies including only singleton deliveries or only term pregnancies also had higher 

incidence, but almost all of these studies were conducted at single facilities.  

Seven high-quality studies (meeting all five quality criteria) had a pooled infection incidence 

of 39 per 1000. The lowest incidence (9 per 1000) was reported in low-risk women 

delivering at a hospital in Bangkok, Thailand140. The other six estimates were from the US. 

Two used the US National Inpatient Sample (NIS) database, and recorded a 

chorioamnionitis ICD-9 code in 17 per 1000 women in 1998-2008141 and 26 per 1000 in 

2008-2010142. Two studies from Kaiser Permanente Medical Program (KPMP) hospitals in 

California also used ICD-9 codes and recorded 35 per 1000 women in 1995-1999143 and 40 

per 1000 in 2010144. The highest incidences were reported in studies at single tertiary 

hospitals: 61 per 1000 in Chicago145, and 126 per 1000 in California (among women 

delivering a live, single, term baby)146.  
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Fig. 2.2: Forest Plot of chorioamnionitis incidence by world region 
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Table 2.6: Chorioamnionitis univariate meta-regression 

Factor 
No. of 
studies 

Odds 
Ratio 95% CI p-value R2 (%) 

Region 

North America & 
Europe 

18 1    

Central Asia & South 
Asia 

1 0.17 0.02-1.26   

East Asia & South-east 
Asia 

2 0.22 0.05-0.87 0.03 23.7 

Study extent  

Single site 12 1    

2+ sites 2 0.11 0.02-0.54   

Network 2 0.32 0.09-1.14   

State  1 0.29 0.05-1.58   

National 4 0.28 0.11-0.74 0.007 37.6 

 Number of 
foetuses 

All pregnancies 8 1    

Singleton only 13 2.64 1.07-6.53 0.04 13.9 

Delivery 
mode 

All deliveries 18 1    

Vaginal only 3 1.41 0.37-5.43 0.61 0 

Gestational 
age 

All gestations 12 1    

Term only 9 3.36 1.56-7.24 0.002 35.3 

Live birth 
All deliveries 12 1    

Live birth only 9 1.16 0.44-3.04 0.77 0 

Low risk 
All women 16 1    

Low-risk pregnancy 
only 

5 1.56 0.52-4.69 0.43 0 

Diagnosis 

ICD9/10 6 1    

Fever and other signs 7 0.85 0.25-2.95   

Fever only 8 1.47 0.46-4.74 0.63 0 

Data 
collection 

Routine 14 1    

Study 5 1.62 0.51-5.19   

Unclear 2 1.29 0.25-6.52 0.71 0 

 

Endometritis 

Endometritis incidence ranged from 0-162 per 1000 with a pooled incidence of 14 per 1000 

(95% CI 9-19 per 1000) (Table 2.5). The prediction interval suggests a true incidence of up 

to 59 per 1000 in future studies. Pooled incidence was similar across most world regions 

ranging from 13-19 per 1000. However, it was much lower in studies from Eastern Asia & 

South-eastern Asia at 3 per 1000 (Fig 2.3). In univariate meta-regression no variables were 

associated with incidence (Table 2.7).  
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Fig. 2.3: Forest Plot of endometritis incidence by world region 
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Table 2.7: Endometritis meta-regression 

Factor 
No. of 
studies 

Odds 
Ratio 

95% CI p-value R2 (%) 

Region 

North America & Europe 14 1    

Central Asia & South Asia 3 1.09 0.35-3.46   

East Asia & South-east Asia 4 0.18 0.06-0.59   

Latin America & Caribbean 8 0.91 0.39-2.11   

Sub-Saharan Africa 4 0.99 0.33-2.97   

West Asia & North Africa 2 1.03 0.25-4.29 0.12 8.0 

Study extent  

Single site 25 1    

2+ sites 4 1.82 0.66-4.99   

Network 2 0.48 0.13-1.81   

State  2 1.44 0.38-5.51   

National 2 0.34 0.09-1.29 0.20 6.9 

 Number of 
foetuses 

All pregnancies 23 1    

Singleton only 12 1.52 0.75-3.07 0.24 2.6 

Delivery mode 
All deliveries 31 1    

Vaginal only 4 0.60 0.19-1.93 0.39 0 

Gestational 
age 

All gestations 27 1    

Term only 8 1.17 0.52-2.64 0.70 0 

Live birth 
All deliveries 30 1    

Live birth only 5 1.41 0.55-3.63 0.47 0 

Low risk 
All women 28 1    

Low-risk pregnancy only 7 0.72 0.28-1.84 0.49 0 

Diagnosis 
Clinical  30 1    

Self-report 5 1.58 0.62-4.02 0.34 0 

Data collection 
Routine 25 1    

Study 10 1.25 0.58-2.68 0.57 0 

Follow-up* 

Hospital discharge 20 1    

7 days 5 1.13 0.39-3.25   

8-42 days 9 0.87 0.38-1.96 0.90 0 

*Length of follow-up was missing from two studies 

Six high-quality studies had a pooled incidence of 16 per 100. The lowest incidence (3 per 

1000) was in women delivering vaginally at 66 hospitals in a surveillance network in 

France147 with follow-up to 30 days postpartum. The other five studies only reported 

infections until hospital discharge after childbirth. Endometritis ICD-9 codes were recorded 

for 14 per 1000 women in the NIS database142 and 12 per 1000 low-risk deliveries at Kaiser 

Permanente hospitals in California143. Higher infection incidence (24-25 per 1000) was 

reported in three single-centre studies; two in the US146, 148 and one in Argentina106.  
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Wound Infection 

Wound infection incidence ranged from 0-109 per 1000 with a pooled incidence of 21 per 

1000 (95% CI 12-32 per 100) (Table 2.5). The prediction interval suggests the incidence 

could be as high as 112 per 1000 in future studies. Pooled incidence was highest in Eastern 

Asia & South-eastern Asia (62 per 1000) and lowest in the US & Europe (9 per 1000) (Fig 

2.4). In univariate meta-regression, single-site studies were associated with higher infection 

incidence. Unexpectedly, six studies that only included vaginal deliveries had higher pooled 

incidence than studies that included all delivery methods. A substantial proportion (44%) of 

between-study heterogeneity was explained by world region and study extent in 

multivariable meta-regression (Table 2.8).  

Only one study met all five quality criteria and identified 12 per 1000 women with 

caesarean or episiotomy wound infection from medical records at a single Brazilian 

hospital113.   
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Fig.2.4: Forest Plot of wound infection incidence by world region 
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Table 2.8: Wound meta-regression 

Factor 
No. of 
studies 

Odds 
Ratio 95% CI 

p-
value 

R2 
(%) 

Adj. 
OR 95% CI 

       R2=43.78% 

Region 

North America 
& Europe 11 1  0.02 25.2 1  
Central Asia & 
South Asia 7 3 

0.83-
10.82   1.84 0.48-7.12 

East Asia & 
South-east Asia 4 9.1 

2.11-
39.20   3.85 

0.89-
16.72 

Latin America & 
the Caribbean 3 4.85 

0.96-
24.52   2.06 

0.42-
10.06 

Sub-Saharan 
Africa 3 5.98 

1.03-
34.69   2.75 

0.50-
15.22 

Western Asia & 
Northern Africa 1 0.52    0.22 0.02-2.37 

Study extent  

Single site 22 1  0.002 37.9   
2+ sites 2 0.11 0.02-0.80   0.13 0.02-0.94 

State  4 0.13 0.04-0.46   0.24 0.05-1.04 

National 1 0.13 0.01-1.30   0.23 0.02-2.44 

Number of 
foetuses 

All pregnancies 21 1      

Singleton only 8 1.95 0.56-6.75 0.29 3.5   

Delivery mode 
All deliveries 24 1      

Vaginal only 
5 4.64 

1.21-
17.76 0.02 17.8 

  

Gestational 
age 

All gestations 24 1      

Term only 5 0.85 0.18-4.08 0.84 0   

Live birth 
All deliveries 26 1      

Live birth only 3 1.31 0.22-7.76 0.76 0   

Low risk 
All women 21 1      

Low-risk 
pregnancy only 

8 0.60 0.17-2.14 0.43 0   

Diagnosis 
Clinical 25 1      

Self-report 4 1.58 0.62-4.02 0.33 0   

Data collection 

Routine 16 1      

Study 8 2.99 
0.87-
10.25 

    

Unclear 5 1.92 0.40-9.19 0.21 5.9   

Follow-up* 

Discharge 17 1      

Day 7 2 3.57 
0.42-
30.25 

    

8-42 days 8 1.26 0.38-4.22 0.50 0   

*Length of follow-up was missing from two studies 

Sepsis 

Incidence of sepsis, combining systemic inflammatory response syndrome (SIRS), severe 

sepsis and blood stream infection, ranged from 0-38 per 1000 with pooled incidence of 1.0 
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per 1000 (95% CI 0.4-2.1 per 1000) (Table 2.5). The prediction interval suggests the 

incidence could be up to 6 per 1000 in future studies. Pooled incidence was 1.1 per 1000 

for SIRS, 0.8 per 1000 for severe sepsis, and 1.0 per 1000 for blood stream infection (Fig. 

2.5). The majority of estimates came from the US & Europe, with a pooled incidence of 1.0 

per 1000. Latin America had a similar incidence of 0.8 per 1000 while Central & South Asia 

had slightly more infection (2.7 per 1000) (Fig 2.6). In univariate analysis, there was weak 

evidence for an association with world region, no evidence for an association with severity, 

but increased incidence of sepsis with longer follow-up. Women with singleton pregnancies 

had higher infection incidence but the two studies involved also had longer follow-up 

periods. Data was too sparse to investigate other factors or conduct multivariable meta-

regression (Table 2.9).  

Eleven high-quality estimates produced a pooled incidence of 0.5 per 1000. Four high-

quality estimates of SIRS used data from the delivery admission: NIS (0.3 per 1000)149, all 

Californian hospitals (1.0 per 1000)4, all hospitals in Thailand (1.3 per 1000)150, and one 

reference hospital in Sao Paolo, Brazil (0.4 per 1000)111. Incidence of severe sepsis with 

organ dysfunction was low: NIS (0.1 per 1000)149, Californian hospitals (0.5 per 1000)4, and 

no cases in a near-miss study at one hospital in Gabon115.  US data from NIS and the 

National Hospital Discharge Survey (NHDS) estimated blood stream infection at 0.2142 and 

0.7 per 1000151. One region in Denmark and 2 hospitals in Ireland followed women until 30 

and 42 days postpartum and identified blood stream infection in 0.6152 and 1.1 per 1000153 

respectively.  
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Fig. 2.5: Forest Plot of sepsis incidence by severity 
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Fig. 2.6: Forest plot of sepsis incidence by world region 
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Table 2.9: Sepsis Meta-regression 

Factor 
No. of 
Studies 

Odds 
Ratio 

95% CI p-value R2 (%) 

Severity 

SIRS* 13 1    

Severe sepsis 5 0.32 0.08-1.35   

Septicaemia/Peritonitis 7 0.52 0.15-1.78 0.25 2.6 

Region 

North America & Europe 16 1    

Central Asia & South Asia 3 11.00 2.25-53.75   

East Asia & South-East Asia 1 1.23 0.12-12.50   

Latin America & The 
Caribbean 

3 0.83 0.18-3.84   

Sub-Saharan Africa 1 0.13 0.004-4.79   

West Asia & North Africa 1 0.96 0.09-10.15 0.06 25.1 

Study extent  

Single site 8 1    

2+ sites 2 6.84 0.83-56.64   

Network 2 2.06 0.25-17.12   

State  6 0.92 0.21-4.08   

National 7 0.83 0.20-3.50 0.32 2.5 

Number of 
foetuses 

All deliveries 23 1    

Singleton only 2 6.64 1.11-39.63 0.04 13.5 

Delivery mode 
All deliveries 23 1    

Vaginal only 2 1.24 0.08-19.58 0.88 0 

Gestational age 
All gestations 25 -    

Term only 0     

Live birth 
All deliveries 24 1    

Live birth only 1 0.37 0.02-5.54 0.47 0 

Low risk 
All women 24 1    

Low-risk pregnancy only 1 0.42 0.01-14.91 0.64 0 

Diagnosis 
Clinical  25     

Self-report 0     

Data collection 
Routine 24 1    

Study 1 2.99 0.87-10.25   

 Unclear 1 1.92 0.40-9.19 0.21 5.9 

Follow-up# Discharge/day 7 13 1    

Day 8-42 10 3.57 1.55-8.22 0.003 27.2 

*Systemic inflammatory response syndrome #Length of follow-up was missing for two 

studies 

Maternal Peripartum Infection 

Incidence of maternal peripartum infection ranged from 1-181 per 1000 with pooled 

incidence of 19 per 1000 (95% CI 13-28 per 1000) (Table 2.5). The prediction interval 

suggests the incidence could be up to 79 per 1000 in future studies. Pooled incidence in the 

US & Europe was 19 per 1000 and in East Asia, 26 per 1000. Other regions contained only 
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one or two studies (Fig 2.7) and there was no evidence that world region was associated 

with incidence. In univariate analysis, study extent was strongly associated with incidence. 

Studies with only low risk pregnancies or vaginal deliveries also showed some evidence of 

association, although this was lost after adjusting for study extent (Table 2.10); many of 

these studies used either a broad or poorly described definitions of infection.  

Pooled incidence in seven high-quality studies was 11 per 1000. The highest incidence of 58 

per 1000 was from a single-facility study in China, using Ministry of Health standard 

diagnosis of genital tract and caesarean section incision infection104. All the other estimates 

extracted ICD-9 or 10 codes for major/other puerperal infection from state or nationally 

representative hospital databases with incidence of 2 per 1000 in Canada and Thailand150, 

154, 5 per 1000 using NIS data155, 8 per 1000 in all NHS hospital deliveries in the UK with 

follow-up to 42 days156, and 9 per 1000 using birth certificate data in California157. One large 

US study also included chorioamnionitis and reported 20 per 1000 women with infection158. 
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Fig. 2.7: Forest plot of maternal peripartum infection incidence by world region 

  



64 
 

Table 2.10: Maternal peripartum infection meta-regression 

Factor 
No. of 
studies 

Odds 
Ratio 

95% CI 
p-
value 

R2 (%) 
Adj. 
Odds 
Ratio 

95% CI 

      R2=35.7% 

Region 

North America & 
Europe 

12 1      

Central Asia & South 
Asia 

1 2.63 0.24-28.80     

East Asia & South-
East Asia 

7 1.37 0.45-4.16     

Australia & New 
Zealand 

2 0.82 0.15-4.61     

Latin America & The 
Caribbean 

1 1.64 0.16-17.05     

West Asia & North 
Africa 

2 0.76 0.13-4.38 0.93 0   

Study extent  

Single site 9 1    1  

2+ sites 5 1.22 0.47-3.17   1.32 0.50-3.48 

Network 1 2.20 0.38-12.80   1.54 0.24-9.87 

State  3 0.72 0.23-2.24   0.88 0.27-2.85 

National 7 0.26 0.10-0.61 0.005 35.6 0.29 0.12-0.70 

Number of 
foetuses 

All deliveries 14 1      

Singleton only 11 1.66 0.71-3.87 0.24 0.7   

Delivery mode 
All deliveries 22 1      

Vaginal only 3 3.83 1.16-12.67 0.03 14.3   

Gestational age 
All gestations 17 1      

Term only 8 0.89 0.36-2.23 0.81 0   

Live birth 
All deliveries 20 1      

Liver birth only 5 1.61 0.57-4.59 0.37 0   

Low risk 
All women 19 1    1  

Low-risk pregnancy 
only 

6 2.34 0.90-6.04 0.08 7.3 1.74 0.71-4.27 

Diagnosis 
Clinical  24 -      

Unclear 1       

Data collection 

Routine 18 1      

Study 3 2.67 0.71-10.10     

Unclear 4 0.74 0.22-2.52 0.28 1.5   

Follow-up 
Discharge 20 1      

Until day 42 5 1.17 0.40-3.41 0.77 0   
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2.3.5 Discussion 

We systematically reviewed the incidence of maternal peripartum infection and identified 

111 studies from 46 countries, representing all world regions from among 31,528 potential 

studies. Pooled infection incidence in high-quality studies was 39 per 1000 (95% CI 18-68 

per 1000) for chorioamnionitis, 16 per 1000 (95% CI 9-25 per 1000) for endometritis, 12 per 

1000 (95% CI 10-15 per 1000) for wound infection (one study) and 11 per 1000 (95% CI 3-

24 per 1000) for maternal peripartum infection. Pooled incidence of sepsis was 0.5 per 

1000 (95% CI 0.3-0.7 per 1000). Studies of composite outcomes had on average a lower 

incidence than obtained by summing other infection outcomes (11 versus 67 per 1000), 

probably because they rarely included chorioamnionitis (39 per 1000), but also because co-

infections can occur.  

Comparing our results to other global estimates is complicated by the different definitions 

used. The recent 2017 GBD global incidence of maternal infection of 12.1 million women159 

translates to an estimated 82 per 1000 live births160, but includes mastitis, so is not 

comparable with ours. Dolea and Stein’s older figure of 40 per 1000 for puerperal sepsis6 

excludes surgical site infection but includes urinary tract infection. Our estimates of 

endometritis, maternal peripartum infection and sepsis are all substantially lower, which 

may reflect our exclusion of urinary tract infection, or a reduction in infection since 2000. 

Our identification of source estimates is vastly more comprehensive than either GBD or 

Dolea and Stein, and we do not rely on modelling. A recently published review of infection 

following caesarean section in sub-Saharan Africa reports an SSI rate of 156 per 1000 that, 

at their reported caesarean section rate of 12.4%, corresponds to 19 per 1000 of the total 

population of women giving birth161. This is a little lower than the average incidence (34 per 

1000) in our three fairly small, poor-quality African studies but does not include perineal 

wound infection, and does lie within our prediction interval.  

Limitations of included studies 

The quality of many studies was poor, with potential for bias. Measurement bias was 

possible in 63% of studies, primarily because the infection was not defined, or the 

definition used was too broad and risked over-estimating incidence. This explains part of 

the between-study heterogeneity observed. Attrition was minimal as most studies were 

cross-sectional or had short follow-up periods. There was potential selection bias in nearly 

one-third of studies; most trials did not describe initial selection methods and pair-matched 

studies produced non-random control groups. However, it is unclear whether and how this 
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might have affected infection incidence. Restricting the results to high-quality studies made 

little difference to the pooled incidence for chorioamnionitis or endometritis, but produced 

lower pooled incidence for the other outcomes, although with similar prediction intervals. 

This lower incidence may be an under-estimate of infection, as some high-quality studies 

had narrower outcome definitions than the standards. In addition, only one lower-middle-

income and four upper-middle-income countries contributed to high-quality estimates, 

reducing their generalisability to LMICs.  

We explored and quantified the importance of world region and study characteristics on 

infection risk using meta-regression to explain heterogeneity and better compare study 

estimates. Unfortunately, our analyses were limited by data sparsity. Beyond North 

America & Europe, data were scarce, especially from Sub-Saharan Africa and Western Asia 

& North Africa. We found some evidence for increased wound infection outside North 

America & Europe, but saw a mixed picture for endometritis, with surprisingly low 

incidences in East & South-east Asia. In common with other studies, we found higher 

incidence of SSI in LMICs which could reflect differences in surgical and infection control 

practices162. However, studies outside North America & Europe were also more likely to be 

at single facilities, use self-reported symptoms and collect data specifically for the study --

all features that relate to higher incidence.  

For chorioamnionitis, wound infection and maternal peripartum infection there was 

evidence that study extent was associated with infection. Pooled incidence was up to five 

times higher in single-facility studies compared to estimates using nationally-representative 

databases, although the association was less clear with state-level studies. Large databases 

relying on routine medical records risk underestimating incidence due to missing or 

misclassified data. Conversely, studies at single tertiary-level hospitals may represent 

higher risk populations, especially in LMICs with low facility delivery rates, producing 

overestimates of population-level incidence. We excluded studies of high-risk women from 

this review, but chose to retain single-facility studies and regress the effect of study extent 

on infection because omitting single-facilities would lead to extensive loss of data, 

especially from LMICs.  

Longer follow-up (risk) period was unsurprisingly associated with higher sepsis incidence, 

and a similar trend was observed with the other outcomes but lacked statistical evidence. 

This supports the findings of one included study where the majority of infections occurred 
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after hospital discharge42. Unfortunately, the majority of studies only collected data during 

hospital admission and may therefore have missed many cases.  

Expected low risk groups, including live, term, singleton, and vaginal births did not have a 

lower infection risk compared to studies of all deliveries. This was surprising but as the 

majority of deliveries, even in population-level studies, are also low-risk, it is difficult to 

show evidence of a difference. Occasionally there was evidence of higher infection 

incidence in the studies of low risk groups but numbers were often small and results were 

confounded by other study design factors.   

Strengths and limitations of review 

This review’s strengths include the very extensive search conducted, and the inclusion of 

articles in all languages identified. However, studies published after June 2016 have not 

contributed to the findings. Our review adopted the 2015 WHO definition of maternal 

peripartum infections and used international standard definitions among its quality criteria. 

It could be criticised for not restricting included studies to those meeting the full WHO 

definition, including the specified time period from onset of labour until 42 days 

postpartum. However, it is telling that none of the studies measured this exact outcome, 

and very few of those investigating postpartum infection continued until 42 days.  

The review reported infection outcomes as an incident risk. This assumes all women were 

at risk (i.e. free of the infections under consideration) at the start of follow-up; onset of 

labour or immediately postpartum. However, some studies were unable, or did not seek to, 

exclude women with existing infections, potentially overestimating the incidence. Some 

studies only assessed or interviewed women at one time-point after delivery, however, 

follow-up periods were short, so the chance of missing infections is small. We excluded 

studies that only assessed high-risk subgroups of women, however, we did not limit our 

review to population-level studies potentially over-estimating infection incidence as 

discussed above. Conversely, we did include groups of low-risk women and so our pooled 

estimates may be an underestimate.  

There are arguments against pooling estimates in the presence of extensive heterogeneity. 

Although I2 was very high, this is driven by the substantial number of large, precise 

studies133. Tau2 is a more relevant measure of heterogeneity in this case and values were 

small. Moreover, we believe that within our outcome groups, each study was attempting to 

measure the same outcome and therefore the average estimates remain useful although 
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they should be treated cautiously and not over-interpreted as measures of global 

incidence.  

Conclusion 

To our knowledge this is the first global systematic review of maternal peripartum infection 

incidence. It demonstrates that infection is an important complication of childbirth. 

Moreover, we found that a large proportion of these infections occurred in labour with 

implications for the baby and the mother. Postpartum infection incidence appears lower 

than modelled global estimates, although the difference in definition limits comparability 

and the proportion of women affected is still considerable. At a time of growing concern 

about AMR, these findings highlight the importance for clinicians and policy-makers to 

focus efforts on improved infection prevention practices to reduce this preventable cause 

of maternal morbidity. Our study provides useful estimates to guide sample size 

calculations for future intervention research. However, we also highlight the paucity of 

data from LMICs and the heterogeneity in study designs, quality and infection definitions. 

Better quality research, using standard definitions and follow-up after hospital discharge, is 

required to improve comparability between different study settings and to demonstrate 

the influence of risk factors and protective interventions.  



69 
 

2.3.6 Additional Tables of Results 

Studies of Chorioamnionitis 

Author Date Country Description Total 
women 

Chorioamnionitis 
(%) 

Quality 

Abramovici (2014)120 11/08-06/10 US Chorioamnionitis extracted from medical records of 
women in a single-hospital RCT of different oxytocin 
doses. Low-risk women with vaginal delivery and 
livebirth at one hospital 

1785 6.78 4 

Admaty (2012)163 03/09-12/10 Switzerland Signs of chorioamnionitis extracted from maternal 
medical records for a study of newborn outcomes 
at different gestational ages in 2 hospitals. Term 
births only 

143 0.70 2 

Al-Ostad (2015)141 01/98-12/08 US Study of risk factors for sepsis using National 
Inpatient Sample (NIS) data representing all hospital 
deliveries in the US 

5338995 1.73 5 

Bear (2016)164 01/91-12/01 US Medical record discharge diagnosis at all non-
federal hospitals in California for a study of cerebral 
palsy and maternal infection 

6018504 1.84 4 

Berg (2009)165 01/01-12/05 US Study of maternal morbidity during hospitalisation 
for labour using the National Hospital Discharge 
Survey representing all hospital deliveries in the US.  

19986000* 1.50 4 

Berg (2009)165 01/93-12/97 US As above 19081000* 1.90 4 

Bleich (2012)134 01/03-12/08 US Medical record data on chorioamnionitis from a 
study of duration of second stage of labour. Women 
with live births at 1 hospital 

21991 19.66 4 

Borders (2012)166 2009 US Audit of number of vaginal examinations in labour 
and routine midwife diagnosis of chorioamnionitis. 
Term deliveries at one hospital 

205 6.34 3 
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Braun (2016)144 01/10-12/10 US Study of perinatal sepsis in term infants at 13 
hospitals in the Kaiser Permanent Medical Program 
(KPMP), California, and integrated managed care 
consortium. Medical record data on 
chorioamnionitis 

31112 4.00 5 

Caughey (2007)143 01/95-12/99 US Study of maternal complications at 13 KPMP 
facilities. Medical record data of low-risk, term 
deliveries 

119254 3.49 5 

Cavazos-Rehg 
(2015)127 

01/09-12/09 US Study of maternal age and delivery complications 
using NIS data 

4109295 1.67 5 

Cheng (2007)167 01/91-12/02 US Medical record data on chorioamnionitis from a 
study of maternal and newborn outcomes by 
duration of second stage of labour. Multiparous 
women with livebirths at term in one hospital.  

5158 4.28 4 

Cheng (2010)146 01/90-07/08 US Signs of chorioamnionitis extracted from medical 
records from a study of perinatal outcomes by 
duration of first stage of labour. Nulliparous women 
with live, term births at 1 hospital 

10661 12.56 5 

Danilack (2015)168 01/11-12/13 US Chorioamnionitis on birth certificates of all low-risk 
women delivering in the US 

10458616 1.29 2 

Dotters-Katz 
(2015)142 

01/08-12/10 US Study of infection in multiple versus single gestation 
using NIS data 

12524118* 2.58 5 

Edwards (2015)145 06/06-11/07 US Signs of chorioamnionitis extracted from maternal 
medical records for a study of an early warning 
system for severe sepsis at one hospital.  

15027 6.08 5 

Geller (2010)169 1995-2005 US Intrapartum fever extracted from medical records 
for study of maternal outcomes and planned mode 
of birth at one hospital. Low-risk, nulliparous 
women delivering at term 

4048 15.74 4 
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Getahun (2010)129 01/91-12/07 US Medical record data for study of effect of 
chorioamnionitis on childhood asthma at KPMP 
hospitals. Only includes infants who became health 
plan members 

397852 3.20 3 

Getahun (2013)170 01/95-12/10 US Medical record data of temporal trends in 
chorioamnionitis in KPMP hospitals. 

471821 4.12 4 

Grotegut (2008)171 01/03-06/05 US Medical record data on obstetric outcomes with 
false-positive glucose challenge test (GCT) at 1 
hospital. Normal GCT only 

165 0.61 4 

King (2012)148 08/95-02/04 US Maternal and Neonatal morbidity using the 
perinatal database at 1 hospital. Live births at term. 

14406 12.85 4 

Magann (2008)172 03/04-02/05 US Obstetric characteristics for prolonged third stage 
of labour. Source of data unclear. Vaginal deliveries 
at a naval medical centre 

1607 2.18 4 

Malloy (2014)132 01/08-12/08 US Birth certificate data for study of chorioamnionitis 
and newborn outcomes. Live, term births across the 
US 

2224406 0.99 4 

Matsuda (2011)173 2001-2005 Japan Data from perinatal registry network of 125 centres.  242715 1.03 4 

Nelson (2014)174 01/05-12/11 US Study of obstetric risk factors for newborn 
complications. Source of data unclear. Live, term 
births at 1 hospital 

86371 6.61 4 

Osmundson (2011)175 07/06-06/08 US Medical record data on chorioamnionitis for a 
sample of low-risk women managed expectantly 
(not induced) at 39 weeks gestation in 1 hospital 

102 19.61 3 

Shah (2011)176 09/08-11/08 Pakistan Medical record data on obstetric outcomes of low-
risk women at 3 hospitals. Convenience sample of 
women aged 20-35 

916 0.76 2 
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Suthee (2007)140 01/99-12/03 Thailand Signs of chorioamnionitis extracted from medical 
records in study of meconium-stained amniotic fluid 
and maternal infection. Low-risk women with live, 
term birth at 1 hospital 

1079 0.93 5 

*Results presented are weighted percentage of US population. In meta-analysis we approximated the sample size at 20% for the NIS177 and 1% for the 

NHDS178. 
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Studies of Endometritis 

Author  Date Country Description Total 
women 

Endometritis 
(%) 

Quality 

Ahnfeldt-Mollerup 
(2012)179 

05/07-04/08 Denmark Questionnaire sent to women 28 days after delivering at 1 
regional hospital. Report of infection validated with data 
from General Practice and hospital records 

1616 1.86 2 

Ayzac (2008)147 01/97-12/03 France Clinical endometritis after vaginal delivery until 30 days 
postpartum at 66 hospitals in a surveillance network 

161077 0.33 5 

Belfort (2010)180 01/07-12/07 US Women readmitted with clinical uterine infection up to 42 
days postpartum. Medical record data from 114 hospitals 
representative of the US population 

222751 0.15 4 

Benincasa (2012)110 01/04-12/10 Brazil Medical record data on clinical puerperal infection at 1 
hospital 

26691 1.47 3 

Bianco (2013)42 09/07-09/08 Italy Telephone calls with women at 30 days after delivery at 1 
hospital. Postpartum infections corroborated by hospital and 
physician visits, wound cultures and antibiotic prescriptions. 

1656 1.39 3 

Boccardo (2013)106 04/10-07/10 Argentina Medical record data on clinical endometritis in 1 public 
hospital 

1472 2.51 5 

Caughey (2007)143 01/95-12/99 US Maternal complications by gestational age. Medical record 
data on endometritis at 13 Californian hospitals in an 
insurance programme (KPMP) 

119254 1.20 5 

Cavazos-Rehg 
(2015)127 

01/09-12/09 US Maternal age and delivery complications using NIS data 4109295 0.36 4 

Cheng (2007)167 01/91-12/02 US Maternal and newborn outcomes by duration of 2nd stage of 
labour in multiparous women. Medical record data at 1 
hospital 

5158 1.36 4 

Cheng (2010)146  01/90-
07/08 

US Perinatal outcomes by duration of 1st-stage of labour in 
nulliparous women. Medical record data at 1 hospital 

10661 2.37 5 
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Chongsuvivatwong 
(2010)125 

09/01-09/04 9 Asian 
countries  

Clinical data on maternal and foetal complications collected 
by checklist until day 5 postpartum in 12 teaching hospitals in 
Asia. Vaginal deliveries only 

12591  0.06 2 

Darmstadt (2009)181 06/01-07/01 Egypt Study of clean delivery-kit use in 1 urban and 2 rural areas. 
Infection diagnosed by nurse at week 1 postnatal home visit  

334 1.50 4 

Dimitriu (2010)119 1/1/06-
1/9/09 

Kuwait Medical record data of puerperal infection at 1 hospital 7550 1.63 2 

Dotters-Katz (2015)142 01/08-12/10 US Endometritis in single and multiple gestation using NIS data 12524118* 1.36 5 

Dumas (2008)128 01/01-12/04 France Clinical endometritis after vaginal delivery until 30 days 
postpartum at 44 hospitals in a surveillance network 

49786 0.23 4 

Ezugwu (2011)182 09/08-12/08 Nigeria Medical record data on obstetric outcomes, including genital 
sepsis, at 1 hospital during the period of free maternal care.  

1152 1.74 1 

Fronczak (2005)135 11/93-05/95 Bangladesh Multi-stage probability sampling of women in slum areas of 
Dhaka. Pelvic infection identified at interviews conducted at 
home at 72 hours, 7 days and, with examination by a doctor, 
14-22 days postpartum 

1506 14.01 3 

Geller (2010)169 1995 -2005 US Medical record data on maternal outcomes and planned 
mode of birth among nulliparous, low-risk women at 1 
hospital 

4048 1.31 4 

Ghani (2007)136 1/7/05-
31/7/05 

Pakistan Self-reported symptoms of vaginal infection during interview 
at home by trained nurse/midwife. Simple random sample of 
postpartum women in the Khyber Agency 

1000 16.20 3 

Gozum (2005)137 05/00-06/00 Turkey Vaginal infection until 6 weeks postpartum, reported during 
interviews with mothers attending for 2 month infant 
immunisations at 1 primary care unit 

112 14.29 1 
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Grotegut (2008)171  01/03-
06/05 

US Medical record data on obstetric outcomes with false-
positive glucose challenge test (GCT) at 1 hospital. Normal 
GCT only   

165  1.21 4 

Guimaraes (2007)183 12/00-07/03 Brazil Puerperal infection among women at 1 maternity hospital, 
followed until 30 days postpartum using the National 
Nosocomial Infection Surveillance System 

5178 0.89 4 

Ivanov (2014)117 01/11-12/13 Bulgaria Medical record data on puerperal infection at 1 hospital.  7181 9.89 3 

Iyengar (2012)184 01/07-12/10 India A field site in rural Rajasthan. Clinical uterine infection 
diagnosed during home visits by trained nurse-midwives at 2-
3 days and 6-9 days postpartum 

4975 1.29 4 

Jokhio (2005)121 05/98-10/98 Pakistan Cluster RCT of traditional birth attendant (TBA) training in 
Larkana District. Lady Health Workers were trained to 
recognise complications during their routine monthly visits. 
Women with trained TBA 

9838  0.79 3 

Jokhio (2005)121 As above As above As above; women without trained TBA 9119  4.39 3 

King (2012)148 08/95-02/04 US Maternal and Neonatal morbidity using the perinatal 
database at 1 hospital 

14335 2.53 5 

Kovavisarach 
(2005)122 

11/01-02/02 Thailand RCT of perineal shaving vs hair cutting on maternal and 
neonatal outcomes among low-risk women with vaginal 
delivery at 1 hospital 

458 0.00 3 

Magann (2011)185 01/07-07/08 US Medical record data on obesity and peripartum 
complications at 2 hospitals 

4490 6.88 4 

Maric (2006)118 1/04-12/04 Bosnia Medical record data on puerperal complications until 42 days 
postpartum in nulliparous women at 1 hospital. Vaginal 
deliveries 

119  1.68 2 

Ngoga (2009)186 Start 12/03 South 
Africa 

Medical record data on pregnancy outcomes in morbidly 
obese vs a matched sample of normal weight women at 1 
hospital. Women with body mass index (BMI) 20-25 

209  0.48 2 



76 
 

Sanchez (2015)109 01/12-12/13 Cuba Maternal age and obstetric complications using medical 
record data at 1 hospital. Each month, first 30 women aged 
25-30 enrolled.  

720  1.67 2 

Sanchez (2015)109 As above As above As above. Each month, the first 15 women over 35 enrolled 360  2.22 2 

Suthee (2007)140 01/99-12/03 Thailand Medical record data on meconium-stained amniotic fluid and 
maternal infection among low-risk women at 1 hospital 

1079 0.93 4 

Peret (2007)112 07/01-09/03 Brazil Puerperal morbidity in HIV-infected vs pair-matched non-
infected women at 1 hospital; diagnosed before discharge 
and at a scheduled visit with researchers at 7-15 days 
postpartum. HIV negative women 

123  0.00 3 

Ramírez-Villalobos 
(2009)187 

04/03-12/03 Mexico Puerperal complications after hospital discharge among 
women with vaginal delivery at 1 hospital. Self-reported 
symptoms collected by trained interviewers at a clinic or 
home visit at day 7 postpartum  

302 2.65 3 

Saizonou (2014)116 07/09-02/10 Benin Peripartum infection up to 7 days postpartum at 1 hospital. 
Diagnosed by doctor or midwife supervised by public health 
doctor  

1875 1.60 4 

Sanabria (2011)108 01/07-12/09 Cuba Medical record data on puerperal complications at 1 hospital 5645 0.47829938 1 

Tabcharoen (2009)188 01/97-12/06 Thailand Medical record data on pregnancy outcomes after age 40 at 
1 hospital. Women aged 20-34 

20852  0.10 4 

Tabcharoen (2009)188 As above As above As above; women age 40+ 792  0.38 4 

Winani (2007)189 Start 
01/2000 

Tanzania Cord infection and puerperal sepsis with clean delivery kits in 
2 rural districts. Home visit at day 5 by village health workers 
with suspected infection confirmed at health facility 

3262 2.12 4 

*Results presented are weighted percentage of US population. In meta-analysis we approximated the sample size at 20% for the NIS.177 
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Studies of Wound infection 

Author Date Country Description Total 
women 

Wound 
Infection 
 (%) 

Quality 

Ahnfeldt-Mollerup 
(2012)179 

05/07-04/08 Denmark Questionnaire sent to women 28 days after delivering at 1 
regional hospital. Report of infection validated with data from 
General Practice and hospital records 

1616 3.16 2 

Awan (2015)190 10/10-09/11 Pakistan Feto-maternal outcomes in overweight versus normal weight in 
1 hospital. Data source unclear. Results for normal weight (18.5-
24.9) 

100 2.00 0 

Bailit (2006)191 01/01-12/01 US Study of quality of obstetric care. Birth certificate record data 
from California 

431125 0.20 4 

Bianco (2013)42 09/07-09/08 Italy Telephone calls with women at 30 days after delivery at 1 
hospital. Postpartum infections corroborated by hospital and 
physician visits, wound cultures and antibiotic prescriptions 

1656 3.08 3 

Bodner (2011)192 11/05-01/09 Austria Maternal and neonatal outcomes for elective caesarean and 
planned vaginal delivery. Data source unclear. Low-risk women 
at 1 hospital. Planned vaginal deliveries only 

178 1.12 2 

Charrier (2010)193 05/04-10/04 Italy Study of clean versus sterile vaginal delivery at 2 hospitals. Signs 
of perineal infection in hospital from direct observation and 
medical records. Telephone interview at 20-30 days postpartum 
for reported infection diagnosis, symptoms and antibiotic use 

409 0.00 4 

Chongsuvivatwong 
(2010)125 

09/01-09/04 9 Asian 
countries 

Clinical data on maternal and foetal complications collected by 
checklist until day 5 postpartum in 12 teaching hospitals in Asia. 
Vaginal deliveries only 

12591 2.57 1 

Danish (2010)194 05/98-11/99 Pakistan Pregnancy outcome in booked versus unbooked women at 1 
hospital. Data collection poorly described 

322 6.21 0 
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Dasgupta (2014)195 10/10-09/11 India Pregnancy outcomes in obesity at 1 hospital. Data source 
unclear. Results for normal BMI (<25kg/m2) 

99 2.02 1 

Dimitriu (2010)119 01/06-09/09 Kuwait Medical record data of puerperal infection at 1 hospital 7550 0.33 2 

Dong (2009)101 01/01-11/04 China Study of infection prevention control intervention at 1 hospital. 
Medical record data of perineal and caesarean wound infections 
in the control group 

12850 1.32 4 

Dong (2010)102  07/08-08/08 China Controlled trial of hand washing method for vaginal deliveries at 
1 hospital. Perineal infection data collected by the study doctor 

300 8.67 4 

Ezugwu (2011)182 09/08-12/08 Nigeria Medical record data on obstetric outcomes, including wound 
sepsis, at 1 hospital during the period of free maternal care 

1152 8.33 1 

Geller (2010)169 1995-2005 US Medical record data on maternal outcomes and planned mode 
of birth among nulliparous, low-risk women at 1 hospital 

4048 0.02 4 

Goff (2013)158 01/08-12/09 US Medical record data from the Perspective database; 355 
hospitals accounting for approximately 20% of all hospital 
admission in the US 

1001189 0.35 4 

Guimaraes 
(2007)183 

12/00-07/03 Brazil Surgical site and episiotomy infection among women at 1 
maternity hospital, followed until 30 days postpartum using the 
National Nosocomial Infection Surveillance System 

5178 1.95 4 

Ivanov (2014)117 01/11-12/13 Bulgaria Medical record data on puerperal infection at 1 hospital. Results 
for perineal wound infection after vaginal delivery 

3897 4.29 3 

Iyengar (2012)184 01/07-12/10 India A field site in rural Rajasthan. Perineal wound infection 
diagnosed during home visits by trained nurse-midwives at 2-3 
days and 6-9 days postpartum 

4975 0.42 4 

Jaleel (2009)196 01/06-04/08 Pakistan Pregnancy outcomes in obesity at 1 private maternity home. 
Data source unclear. Results for control group (BMI 18.5-22.9) 

118 0.00 1 
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Janssen (2009)197 01/00-12/04 Canada Medical record data. Low risk women in British Colombia 
planning to delivery with a midwife at home or hospital 

7641 0.14 3 

Janssen (2009)197 01/00-12/05 Canada As above. Low risk women planning to delivery with a physician 
in hospital 

5331 0.30 3 

Kovavisarach 
(2005)122 

11/01-02/02 Thailand RCT of perineal shaving versus hair cutting on maternal and 
neonatal outcomes in low-risk women with vaginal delivery at 1 
hospital. Perineal wound infection. Unclear if up to day 4 or 42 

458 8.73 3 

Latif (2013)198 01/00-06/00 Bangladesh Medical record data of outcomes in primigravidae at 1 hospital 500 3.00 3 

Leth (2009)152 01/01-12/05 Denmark Wound infection up to 30 days postpartum identified through 
the laboratory system, regional prescription database and 
National Hospital Registry. All deliveries in County of Aarhus 

32468 1.78 4 

Liu (2010)103 01/05-12/06 China Clinical study data on abdominal and perineal wound infection 
and body mass index at 1 hospital. Results for BMI<25 

327 8.87 3 

Ngoga (2009)186 12/03 South Africa Medical record data on pregnancy outcomes in morbidly obese 
vs a matched sample of normal weight women at 1 hospital. 
Women with BMI 20-25 

209 0.00 2 

Oladapo (2007)199 01/90-12/05 Nigeria Medical record data on wound infection. Vaginal deliveries at 1 
hospital 

656 5.18 3 

Petter (2013)113 01/09-12/10 Brazil Medical record data on episiotomy and caesarean wound 
infections among women at 1 hospital 

9528 1.24 5 

Ramírez-Villalobos 
(2009)187 

04/03-12/03 Mexico Episiotomy infection after hospital discharge among women 
with vaginal delivery at 1 hospital. Self-reported symptoms 
collected by trained interviewers at a clinic or home visit at day 7 
postpartum  

303 10.89 3 

Shriraam (2012)138 11/08-02/09 India Self-reported wound infection up to 42 days postpartum using 
pre-tested questionnaire at up to 6 months after delivery. All 

365 2.74 2 
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women delivered in previous 6 months in rural community of 
Tamil Nadu 
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Studies of Sepsis 

Author Date Country Description Total women Sepsis 
(%) 

Quality 

Acosta (2013)4 01/05-12/07 US Medical record data for all admissions for delivery of a 
live birth in California. Sepsis coded as septicaemia or 
sepsis 

1622474 0.10 5 

Acosta (2013)4 01/05-12/07 US As above. Severe sepsis, also coded as septic shock or 
sepsis with prolonged length of stay, transfer to 
intensive care or death 

1622474 0.05 5 

Bauer (2013)149 01/98-12/08 US Maternal sepsis during hospitalisation for delivery 
using NIS data. Sepsis coded as septicaemia or SIRS 

8999852* 0.03 5 

Bauer (2013)149 01/98-12/08 US As above. Severe sepsis coded as sepsis plus organ 
dysfunction 

8999852* 0.01 5 

Belfort (2010)180 01/07-12/07 US Medical record data on women readmitted with 
postpartum infection up to 42 days postpartum at 114 
hospitals, representative of the US population 

222751 0.01 3 

Ben (2007)114 01/99-12/03 Tunisia Medical record data on all severe (near-miss) 
puerperal infection at one hospital using SIRS criteria 

20071 0.08 4 

Callaghan 
(2008)151 

01/91-12/03 US Septicaemia and hospital stay of 3+ days using data on 
delivery hospitalisations from the National Hospital 
Discharge Survey 

423480 0.02 5 

Cape (2013)200 01/00-12/08 US Bacteraemia from 7 days before until 30 days after 
delivery using the microbiology database at one 
hospital. Restricted to women with a diagnosis of 
chorioamnionitis, endometritis or wound infection 

78919 0.17 4 
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Chongsuvivatwong 
(2010)125 

09/01-09/04 9 Asian 
countries 

Clinical data on maternal and foetal complications 
including peritonitis, collected by checklist until day 5 
postpartum in 12 teaching hospitals in Asia. Vaginal 
deliveries only 

12591 0.02 1 

David (2012)201 01/05-12/10 India Medical record data on puerperal sepsis during 
hospitalisation for delivery, in a midwife-run labour 
room at one urban health centre 

1194 0 2 

Dotters-Katz 
(2015)142 

01/08-12/10 US Study of infection in multiple versus single gestation 
using NIS data. Codes for septicaemia and 
bacteraemia 

12524118* 0.07 5 

Goff (2013)158 01/08-12/09 US Medical record data from the Perspective database; 
355 hospitals accounting for approximately 20% of all 
hospital admission in the US. Codes for septicaemia, 
septic shock, bacteraemia, SIRS 

1001189 0.13 5 

Huda (2012)202 01/08-12/08 Bangladesh Medical record data from 30 hospitals on genital 
infection and signs of shock, from labour until 32 days 
postpartum 

1927 0.88 4 

Ivanov (2014)117 01/11-12/13 Bulgaria Medical record data on puerperal infection, including 
sepsis, at 1 hospital 

7181 0.08 3 

Karolinski 
(2013)203 

06/08-05/09 Argentina Medical record data from 25 hospitals in the Perinatal 
network of Buenos Aires on life-threatening puerperal 
sepsis until 42 days postpartum 

65033 0.04 3 

Knowles (2014)153 01/05-12/12 Ireland Medical and laboratory records at 2 maternity 
hospitals of blood stream infection secondary to 
genital tract infection until 42 days postpartum 

136897 0.11 5 

Kuklina (2008)155 01/98-12/04 US Sepsis coded as septicaemia, septic shock or SIRS 
with/without organ dysfunction during hospitalisation 
for delivery using NIS data 

28084407 0.03 5 
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Leth (2009)152 01/01-12/05 Denmark Blood stream infection up to 30 days postpartum 
identified through the laboratory system, regional 
prescription database and National Hospital Registry. 
All deliveries in County of Aarhus 

32468 0.06 5 

Luz (2008)111 10/05-07/06 Brazil Positive blood culture and SIRS or organ dysfunction, 
collected from medical records during admission for 
delivery at one hospital 

2207 0.05 5 

Lyndon (2012)131 01/05-12/07 US Medical record data of maternal sepsis from all live 
singleton births at hospitals in California 

1572909 0.09 4 

Maric (2006)118 01/04-12/04 Bosnia Medical record data on puerperal sepsis following 
vaginal delivery until 42 days postpartum in 
nulliparous women at 1 hospital 

119 0 2 

Mayi-Tsonga 
(2007)115 

06/06-12/06 Gabon Audit of near-miss at one hospital. Medical record 
data on septic shock of pelvic origins 

4350 0 5 

Pallasmaa 
(2008)204 

01/97-12/97 Finland Puerperal sepsis and peritonitis in all singleton births 
in Finland using the national hospital discharge 
registry 

57149 0.33 4 

Pallasmaa 
(2008)204 

01/02-12/02 Finland Puerperal sepsis and peritonitis in all singleton births 
in Finland using the national hospital discharge 
registry 

53568 0.45 4 

Pallasmaa 
(2015)205 

01/07-12/11 Finland Puerperal sepsis, peritonitis and re-operation in all 
singleton births in Finland using the national hospital 
discharge registry 

292553 0.81 4 

Sanabria (2011)108 01/07-12/09 Cuba Medical record data on puerperal complications 
including sepsis among women delivering at 1 hospital 

5645 0.18 1 
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Shriraam (2012)138 11/08-02-09 India Self-reported puerperal sepsis up to 42 days 
postpartum using pre-tested questionnaire at up to 6 
months after delivery. All women delivered in 
previous 6 months in rural community of Tamil Nadu 

365 3.84 2 

Simoes (2005)206 01/98-12/98 Germany Postpartum septicaemia in the Perinatal database for 
all women delivering in hospitals in Baden-
Wurttemberg State 

103945 0.09 3 

Simoes (2005)206 01/01-12/01 Germany Postpartum septicaemia in the Perinatal database for 
all women delivering in hospitals in Baden-
Wurttemberg State 

88874 0.23 3 

Tippawan 
(2014)150 

10/10-09/11 Thailand Medical record data on puerperal sepsis in all hospital 
deliveries in the country using the National Health 
Security Office data 

442818 0.11 5 

Zhang (2005)124 01/95-02/98 9 European 
countries 

Data collected from medical records on sepsis 
(infection with SIRS) at the time of birth. Survey 
usually covered the hospitals in one region of each 
country for 12 months 

211264 0.07 3 

*Results presented are weighted percentage of US population. In meta-analysis we approximated the sample size at 20% for the NIS177  
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Studies of Maternal Peripartum Infection 

Author Date Country Description Total 
Women 

Maternal 
Peripartum 
Infection (%) 

Quality 

Al-Ostad 
(2015)141 

01/98-12/08 US Risk factors for sepsis mortality using NIS data. Unspecified 
codes for puerperal infection 

5338995 0.44 4 

Andersson 
(2011)139 

05/09-11/09 Nigeria Self-reported symptoms of infection up to 42 days postpartum. 
Stratified random sampling to provide state-level 
representation for 2 Nigerian states 

14890 18.11 1 

Avci (2015)207 03/12-03/13 Turkey Maternal obesity and perinatal outcomes at one hospital. 
Definition and data collection methods for postpartum 
infection not specified 

931 2.36 2 

Bailit (2006)191 01/01-12/01 US Birth certificate record data from California. ICD-9 codes for 
major postpartum infection, postpartum fever, GU tract 
infection and wound complications 

431125 2.08 4 

Bailit (2013)208 03/08-02/11 US Medical record data from a stratified random selection of days 
at 25 hospitals in a network of Maternal-Fetal Medicine Units. 
Peripartum infection in low-risk women defined as 
Chorioamnionitis, postpartum endometritis or postpartum 
wound infection 

110205 5.06 4 

Bakr (2005)123 01/02-06/02 Egypt Study of vaginal chlorhexidine and maternal morbidity at one 
hospital. Medical record data from the pre-intervention period. 
Postpartum infection defined as puerperal sepsis, or fever plus 
offensive vaginal discharge, infected wound, retained products 
of conception or secondary PPH 

2128 0.52 4 

Berg (2009)165 01/01-12/05 US Maternal morbidity during hospitalisation for labour using the 
National Hospital Discharge Survey representing all hospital 
deliveries in the US. ICD-9 codes for major puerperal infection 

19986000* 0.50 4 
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Berg (2009)165 01/93-12/97 US As above 19081000* 0.80 4 

Chen (2014)100 2011 China Random sample of 250 medical records of low-risk deliveries at 
one hospital. Textbook definition of puerperal infection  

250 4.00 4 

Dong (2010)102 07/08-08/08 China Controlled trial of hand washing method for low-risk vaginal 
deliveries at 1 hospital. Data collected by study doctor on 
puerperal infection (undefined) 

300 5.67 4 

Galyean 
(2009)209 

07/02-12/03 US Multiparous women with live singleton delivery at four 
hospitals in California. Serious post-partum infections requiring 
aminoglycosides from a perinatal outcomes database  

10654 2.87 3 

Gibson (2014)210 01/02-12/08 US Outcomes in elective induction of low-risk pregnancies at 12 
clinical centres and 19 hospitals. Medical record data on 
infection; intrapartum fever, chorioamnionitis, 
endomyometritis and wound separation 

96266 9.06 3 

Goff (2013)158 01/08-12/09 US Medical record data from the Perspective database; 355 
hospitals accounting for approximately 20% of all hospital 
admissions in the US. ICD-9 codes for chorioamnionitis and 
major puerperal infection 

1001189 2.05 5 

Guendelman 
(2006)157 

01/96-12/98 US Database of birth certificate and hospital discharge records for 
93% of deliveries in California. ICD-9 codes for major puerperal 
infection. 

1507275 0.90 5 

Harrison 
(2015)126 

01/10-12/13 6 LMICs 7 rural communities in Argentina, Guatemala, India, Kenya, 
Pakistan and Zambia, under the Global Network. Undefined 
postpartum maternal infection from medical records and a 
study visit at 42 days  

263648 0.67 3 

Jin (2011)105 03/05-03/10 China Study of gestational diabetes in one hospital. Undefined 
puerperal infection collected in a sample of women without 
diabetes for a single-facility study of gestational diabetes 

192 2.08 3 
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Karlstrom 
(2013)211 

01/97-12/06 Sweden Register of all facility births in the country. Postpartum 
infection (undefined) after spontaneous onset of labour at 
term  

13774 1.13 4 

Kovavisarach 
(2010)212 

11/06-12/07 Thailand Women aged 20-34 delivering at one hospital. Puerperal 
infection with undefined definition or data collection methods. 

750 0.13 2 

Kuklina 
(2008)155 

01/98-12/04 US NIS database. ICD-9 codes for puerperal infection and pyrexia 
of unknown origin 

28084407* 0.52 5 

Kyser (2012)130 01/06-12/06 US Medical record data from 1045 hospitals in 11 states. 
Undefined postpartum infection using ICD-9 codes 

1678809 0.72 4 

Laws (2014)213 01/01-12/09 Australia Undefined postpartum infection from linked birth records and 
hospital admission records up to 1 year postpartum. Women 
intending to deliver at 8 birthing centres 

14707 1.04 4 

Laws (2014)213 01/01-12/09 Australia As above. Women intending to deliver at 8 co-located hospitals  29414 1.43 3 

Liu (2007)154 04/91-03/05 Canada Low-risk planned vaginal deliveries at all acute-care hospitals in 
Canada, excluding Quebec and Manitoba. Medical record data 
of major puerperal infection from ICD-9 codes 

2292420 0.21 5 

Lyndon 
(2012)131 

01/05-12/07 US Medical record data of livebirths at hospitals in California. 
Unspecified ICD-9 codes for maternal infection 

1572909 2.75 4 

Mandal 
(2010)214 

01/06-12/08 India Maternal obesity and pregnancy outcome at one hospital. 
Combined endometrial and wound infection at 6 weeks 
postpartum visit in low-risk non-obese women 

422 3.79 1 

Ngoc (2005)215 01/01-07/01 Vietnam Clinical data collected at 6-week postpartum study visit after 
vaginal delivery at two hospitals. Serious postpartum infection 
defined as physician-diagnosed sepsis or clinical symptoms of 
endometritis, pelvic abscess, or chorioamnionitis 

978 4.81 3 

Okumura 
(2014)107 

01/00-12/00 Peru Perinatal Information System database from one hospital. ICD-
10 codes for puerperal infection 

67693 2.40 4 
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Palmer (2015)156 04/10-03/12 UK Database of all NHS hospital deliveries. ICD-10 codes for 
puerperal infection or sepsis within 42 days of birth 

1332835 0.83 5 

Tippawan 
(2014)150 

10/10-09/11 Thailand Medical record data on puerperal sepsis in all hospital 
deliveries in the country using the National Health Security 
Office data. ICD-10 code for other puerperal infection 

442818 0.25 5 

Wang (2010)104 01/07-12/08 China Medical record data from one hospital. Postpartum 
intrauterine infection defined as fever, headache, dizziness, 
abnormal lochia, genital tract or caesarean wound infection 

2382 5.75 5 

*Results presented are weighted percentage of US population. In meta-analysis we approximated the sample size at 20% for the NIS177 and 1% for the 

NHDS178
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Chapter 3: Methods used to identify and define 

maternal peripartum infection: further analysis of 

studies included in a systematic literature review 
 

3.1 Introduction 
The published systematic literature review in Chapter 2 identified marked heterogeneity in 

all pooled estimates of infection. This was only partially explained by factors tested in the 

meta-regression, including certain aspects of study design. Less than one fifth of studies 

(19%) met all quality criteria, and only 41% used one of the standard infection definitions. As 

presented in Chapter 1, measurement of infection incidence relies on a standard case 

definition for the infection, combined with methods to identify all cases within a given a 

population. To understand how these two elements of measurement were handled by 

researchers, I examined the studies included in the systematic review in more detail. I 

present a narrative review of the data collection methods used and the infection definitions 

applied, and consider the strengths of limitations of the different approaches.  

3.2 Methods 
I selected three of the five infection outcomes to explore in more detail; endometritis, wound 

infection and sepsis, but not maternal peripartum infection or chorioamnionitis. 

Endometritis and wound infection were chosen because they both occur in the postpartum 

period, potentially requiring some form of  follow-up to identify all cases. Sepsis was selected 

as an important cause of maternal mortality. No studies used the actual term ‘maternal 

peripartum infection’ or met the exact definition, therefore it was deemed of little benefit 

to examine studies with this outcome. All studies of chorioamnionitis were hospital-based 

and the vast majority were in the US, therefore further exploration was considered unlikely 

to add any information of interest. 

3.2.1 Outcome definitions 

Table 3.1 presents the standard definitions for endometritis and wound infection, the 

adapted version used for this chapter, and the explanation for any difference. Allowances 

were made for studies that relied on self-reported symptoms, or had limited access to 

laboratory tests or the potential to identify organisms. The standard definition for sepsis was 

listed in the main results of Chapter 2.  
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3.2.2 Analysis 

For each selected outcome, I present a table with the data collection methods and infection 

definition for each study. I summarise data collection according to length of follow-up 

(delivery admission only versus post-discharge follow-up) and data source (routine record 

data, clinical research data or self-reported data). I summarise definitions based on whether 

they meet the standard definitions detailed in the review, whether they are narrower with 

potential to miss cases, or broader and therefore likely to over-estimate risk.  

I describe the infection incidence range for groups of studies, related to data collection or 

infection definition. However, as there are few studies within each of these groups, I have 

not performed any statistical analysis.  

I present a graphical summary of the data using Sankey diagrams. Traditionally, these 

diagrams demonstrate flows of energy or change over time, with arrows going in one 

direction and the width of the line proportional to the flow rate. However, I have used the 

software (sankeymatic) to simply describe the relationship between data collection method 

and infection definition, with each study contributing a similar width, and the colour of the 

lines representing either the income-level of the study country or the incidence of infection.  
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Table 3.1: Standard definitions and adaptation for purpose of review 
Infection Standard definition (source) Adapted definition Explanation 

Caesarean 
Section 
Surgical Site 
Infection (SSI) 

SSI-Surgical site infection (CDC*92) 
Superficial incisional SSI must meet the following criteria: 
Involves only skin and subcutaneous tissue of the incision AND 
Patient has at least one of the following: 
1. Purulent drainage from the superficial incision OR 
2. Organisms identified (further detail not reported here) OR 
3. Incision is deliberately opened by a surgeon/attending physician/other designee 

and microbiologic testing not performed AND patient has least one of pain or 
tenderness, localised swelling, erythema, heat. OR 

4. Diagnosis by the surgeon/attending physician/other designee 
 
Deep incisional SSI must meet the following criteria: 
Involves deep soft tissues of the incision AND 
Patient has at least one of the following; 
1. Purulent drainage from the deep incision OR 
2. A deep incision that spontaneously dehisces, or is deliberately opened or 

aspirated AND organisms identified AND patient has at least one of fever (>38C), 
localized pain or tenderness OR 

3. An abscess or other evidence of infection involving the deep incision detected on 
gross anatomical or histopathological exam or imaging.  

 
Organ/Space SSI must meet the following criteria: 
Infection involves any part of the body deeper than the fascial/muscle layers, that is 
opened or manipulated during the operative procedure AND 
Patient has at least one of the following; 
1. Pus drainage from a drain that is placed into the organ/space OR 
2. Organisms are identified from fluid or tissues in the organ/space OR 
3. An abscess or other evidence of infection involving the organ/space 
AND 
Meets criterion for a specific organ/space infection – This Includes Endometritis 
 

At the site of the caesarean wound 
either: 
Purulent drainage OR  
Organisms identified OR 
Wound reopened and local signs of 
infection OR 
Abscess. 
 
 

Organisms, imaging, measurement of 
temperature not required.  
Studies did not specify depth of infection, 
therefore this detail was not included in 
the adapted definition 
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Perineal 
wound 
infection 

EPIS-Episiotomy infection (CDC*92) 
Episiotomy infections must meet at least one of the following criteria:  
1. Postvaginal delivery patient has purulent drainage from the episiotomy 
2. Postvaginal delivery patient has an episiotomy abscess  

This definition was applied to both 
episiotomy wounds and perineal tears.  
Purulent drainage OR 
Abscess at the site of the wound 

No specific definition for perineal wound 
infection, therefore used episiotomy 
infection. 
 
 

Endometritis EMET-Endometritis (CDC*92) 
Endometritis must meet at least one of the following criteria:  
1. Patient has organism(s) identified from endometrial fluid or tissue by a culture or 

non-culture based microbiologic testing method which is performed for 
purposes of clinical diagnosis or treatment, for example, not Active Surveillance 
Culture/Testing.  

2. Patient has at least two of the following signs or symptoms: fever (>38.0°C), pain 
or tenderness (uterine or abdominal)*, or purulent drainage from uterus.  

 
* With no other recognized cause 
  

Organisms identified from endometrial 
fluid/tissue OR 
Two of more of the following: 
Fever, abdominal/pelvic/uterine pain or 
tenderness, or foul-smelling or pus 
vaginal discharge OR 
 

No study reported endometrial sampling. 
Measurement of temperature not 
required.  
 

*CDC – Centres for Disease Control and Prevention 

 



93 
 

3.3 Results 
Overall, 73 studies provided data on 96 outcomes (Fig 3.1). In many studies, data collection 

was conducted in a way that risked under-estimating peripartum infection. For example, 

data was limited to the admission for childbirth in 38 (52%) studies and possibly in a further 

seven (10%) studies with unclear methods. This would have missed any later infections. 

Additionally, passive postpartum follow-up, relying on hospital readmission records, carried 

the risk of missing women who attended a different facility, or did not attend at all, especially 

in cases of milder disease, in LMICs, or in single-centre studies.  The methodologic features 

of the studies are summarized in Figure 3.2 below. 

 

Figure 3.1: Flow diagram 

 

For the 28 studies (38%) with active follow-up, a variety of methods were used, including 

clinic visits, home visits, postal questionnaires, telephone interviews, or a combination of 

these. In four studies, hospitals conducted routine surveillance, although the methods are 

not described. Length of follow-up varied from five to 42 days, limiting the comparability of 

results, and many studies (10 of 28) had only one follow-up contact with the risk of missing 

infection at other times. There was the risk of misclassification bias when relying on self-

reported data, which was the case in 9 (12%) studies.  

Only 23 (22%) of the 106 outcomes met one of the standard infection definitions, and 38 

(36%) provided no clear definition at all. Misclassification also occurs when a standard 

definition is not used. 
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3.3.1 Endometritis 

There were 38 studies providing data on endometritis (Table 3.2): 16 were conducted in HICs, 

13 in upper-middle income (UMI) countries, six in lower-middle income (LMI) countries, two 

in low-income countries (LICs), and one in nine Asian countries of which three were UMI, five 

were LMI and one was an LIC.  

Data collection methods 

In 21 studies, data was collected from routine hospital records during the admission for 

delivery. In some of these studies it is possible that readmission records were also included 

but this is not clear from the study description. In the RCT of perineal shaving versus hair 

cutting in Thailand,  Kovavisarach and colleagues also examined women with suspected 

infection and performed investigations122. The studies reported 0 to 98.9 cases of 

endometritis per 1000 women, with 16/21 studies reporting infection of <20 per 1000.  

Ten studies collected clinical data after the delivery admission. Belfort et al collected routine 

medical record data on hospital readmission in the US, from discharge after delivery until 

day 42 postpartum, reporting 1.5 per 1000 women with endometritis180. In four studies, 

surveillance after discharge was conducted by the hospitals themselves to day 30 or 42, 

although no detail was provided on the methods used118, 128, 147, 183. Guimaraes et al utilised 

the national surveillance programme in Brazil183 while Ayzac et al and Dumas et al worked 

with surveillance networks in France128, 147. Postpartum endometritis was reported at 2.3 to 

16.8 per 1000 women. Clinical follow-up was conducted by research teams in five studies, all 

occurring in LMICs, and found 0-21.2 per 1000 women with endometritis. Peret et al invited 

women in Brazil to the research clinic at day 7-15112. In three studies home visits were 

conducted by clinicians or nurses up to 9 days postpartum125, 181, 184, and in Tanzania, Winani 

et al conducted a trial of clean delivery kits assessed by a lay-worker home visit at day 5, with 

cases of suspected infection confirmed by a clinician or nurse at the local health facility216.  

The final seven studies (five conducted in LMICs), collected self-reported data, and describe 

an infection risk ranging from 13.9 to 162 per 1000, with three studies reporting a risk of over 

140 per 1000 women. In three studies the data was collected through lay-worker interviews 

in women’s homes. In Pakistan, Ghani et al measured vaginal infection and Jokhio et al 

assessed a traditional birth attendant intervention, although neither specified the end of 

follow-up121, 136, and in Bangladesh, Fronczak et al assessed postpartum morbidity to day 

22135. Ramirez-Villalobos et al interviewed women at their research clinic in Mexico on day 

7187 and Gozum et al arranged interviews at child immunisation clinics in Turkey at around 2 
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months137. Ahnfeldt-Mollerup et al sent a postal questionnaire to women in Denmark at day 

28217 and Bianco et al conducted telephone interviews with women in Italy at day 3042.  

Infection definitions 

Three studies met the CDC definition of endometritis. The criteria were specified by Ayzac et 

al within a French hospital surveillance network147 and by Fronczak et al in Bangladesh135; 

they found 3.3 and 140.1 per 1000 cases of infection respectively. In Brazil, Guimaraes et al 

stated that the CDC definition was used (although the specific criteria were not listed), and 

identified 8.9 cases of endometritis per 1000 women183.  

Six studies used ICD-9 or ICD-10 codes although none of them specified which code numbers 

they used to define endometritis. Five of these studies were conducted in the US and 

extracted the data from hospital records; four from the delivery admission127, 143, 148, 218 and 

one from readmissions after delivery180. The sixth study, by Chongsuvivatwong et al, 

assessed postpartum complications in teaching hospitals in 9 Asian countries and involved 

researchers collecting clinical data in hospital and at home, until day 5 postpartum125.  

Two US studies, using hospital records at the time of birth, defined endometritis as fever and 

uterine tenderness146, 171. The cases therefore meet the CDC definition, but the studies could 

miss cases by excluding uterine discharge as a symptom.  

Eleven studies used a broader definition than the CDC, potentially including women who 

without endometritis. In nine of these studies, all three  CDC signs were included, but either 

a) only one symptom/sign was required216, b) the combination of symptoms/signs was not 

specified136, 187 or c)  additional signs or investigations were added. These additional 

indications were delayed uterine involution112, 128, 184, tachycardia110, heavy vaginal 

bleeding184, raised white blood cell count140 and a pelvic ultrasound scan suggestive of 

infection106. These are all potential signs of infection, but do not strictly meet the CDC 

criteria. In Pakistan, Jokhio et al specified only one of either fever OR discharge121, and 

Darmstadt et al, assessing clean delivery kits in Egypt, specified perineum pain, instead of 

abdominal or uterine pain, implying cases could be missed and non-cases included181.  

There was no attempt to define infection in 12 of the studies108, 109, 117-119, 137, 167, 169, 182, 185, 186, 

188, and in a further four, the diagnostic criteria used were unclear42, 116, 122, 217. Of these 16 

studies, 10 were conducted in LMICs and 12 only collected data until women were 

discharged after giving birth.   
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Table 3.2: Definitions for Endometritis 
Author  Date Country World 

Bank 
income 
level 

Data 
collection 

Details on data collection  Definition Details on definition Infection 
per 1000 
women 

Ahnfeldt-Mollerup 
(2012)179 

05/07-
04/08 

Denmark HIC Self-report Questionnaire day 28. Searched 
GP and hospital records for 
validation. One third of diagnoses 
from self-report alone. 

Unclear/No 
definition 

Asked if they had an infection and where it 
was, including ‘uterus’. If in contact with GP 
or hospital then clinical diagnosis used 
instead, as given by physician.   

18.6 

Ayzac (2008)147 01/97-
12/03 

France HIC Hospital 
surveillance 

Medical records during hospital 
stay. Surveillance to day 30. Each 
hospital used their own method – 
not described 

CDC At least 2 of: fever (≥38°C), abdominal pain, 
uterine tenderness, or purulent cervical 
discharge 

3.3 

Belfort (2010)180 01/07-
12/07 

US HIC Medical 
records for 
readmission 

Readmission to hospital from 
discharge to day 42 

ICD-9 Codes not specified 1.5 

Benincasa 
(2012)110 

01/04-
12/10 

Brazil UMI Medical 
records at 
time of birth 

 Broader 
than CDC 

Puerperal infection, mainly endometritis. 
Unspecified combination of isolation of 
organisms in the endometrium, fever 
(≥38°C), tachycardia, purulent uterine 
discharge and abdominal pain 
accompanied by uterine sensitivity 

14.7 

Bianco (2013)42 09/07-
09/08 

Italy HIC Self-report Telephone call at day 30.  
Searched medical records for 
validation.  
12% diagnosed from self-report 
alone 

Unclear/No 
definition 

States definitions of postpartum infections 
were derived from CDC definitions. Details 
not provided. Self-reported ‘signs and 
symptoms of infection’ not specified.  

13.9 

Boccardo (2013)106 04/10-
07/10 

Argentina HIC Medical 
records at 
time of birth 

Researchers followed-up 
laboratory and ultrasound 
findings 

Broader 
than CDC 

At least 2 of: fever (≥38°C), uterine or lower 
abdominal tenderness, offensive vaginal or 
cervical discharge or transvaginal 
ultrasound suggestive of infection 

25.1 

Caughey (2007)143 01/95-
12/99 

US HIC Medical 
records at 
time of birth 

 ICD-9 Codes not specified 12.0 
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Cavazos-Rehg 
(2015)127 

01/09-
12/09 

US HIC Medical 
records at 
time of birth 

 ICD-9 Methods list codes for major puerperal 
infection. Results only presented for 
endometritis 

3.6 

Cheng (2007)167 01/91-
12/02 

US HIC Medical 
records at 
time of birth 

 Unclear/No 
definition 

Endometritis – no further detail 13.6 

Cheng (2010)146  01/90-
07/08 

US HIC Medical 
records at 
time of birth 

 Narrower 
than CDC 

Fever (≥38.5°C) and uterine fundal 
tenderness 

23.7 

Chongsuvivatwong 
(2010)125 

09/01-
09/04 

9 Asian 
countries  

3 UMI, 
5 LMI, 
1 LIC 

Clinical 
research 
follow-up 

Clinical data collected on a 
checklist, in hospital and at home 
until day 5. No details on how this 
was done, or by whom 

ICD-10 Codes for endometritis not specified  0.6 

Darmstadt 
(2009)181 

06/01-
07/01 

Egypt LMI Clinical 
research 
follow-up 

Home visit by nurse within 7 days Broader 
than CDC 

At least 2 of: Fever (≥38.5°C), abnormal 
vaginal discharge, perineum pain 

15.0 

Dimitriu (2010)119 1/1/06-
1/9/09 

Kuwait HIC Medical 
records at 
time of birth 

 Unclear/No 
definition 

Endometritis – no further detail 16.3 

Dotters-Katz 
(2015)142 

01/08-
12/10 

US HIC Medical 
records at 
time of birth 

 ICD-9 Codes for endometritis not specified 13.6 

Dumas (2008)128 01/01-
12/04 

France HIC Hospital 
surveillance 

Medical record during hospital 
stay. Surveillance to day 30. Each 
unit used their own method – not 
described 

Broader 
than CDC 

Fever plus 1 of: purulent cervical discharge, 
pelvic pain or delayed uterine involution. 

02.3 

Ezugwu (2011)182 09/08-
12/08 

Nigeria LMI Medical 
records at 
time of birth 

 Unclear/No 
definition 

‘Genital sepsis’ – no further detail 17.4 

Fronczak (2005)135 11/93-
05/95 

Bangladesh LMI Self-report 3 interviews conducted at home 
at day 3, 7 and 14-22. Clinical 
examination at day 14-22 
detected fewer signs of pelvic 
infection. Results presented for 
self-reported infection. 

CDC At least 2 of: fever, abdominal tenderness, 
foul vaginal discharge, occurring at least 3 
days after delivery 

140.1 
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Geller (2010)169 1995 -2005 US HIC Medical 
records at 
time of birth 

 Unclear/No 
definition 

Endometritis diagnosed by a clinician and 
recorded in the medical record 

13.1 

Ghani (2007)136 1/7/05-
31/7/05 

Pakistan LMI Self-report Nurse interview conducted at 
home. Timing not specified 

Broader 
than CDC 

Unspecified combination of fever, lower 
abdominal pain, foul smelling vaginal 
discharge 

162.0 

Gozum (2005)137 05/00-
06/00 

Turkey UMI Self-report Interview at child immunisation 
clinic at 2 months. Questions 
related to 6-weeks postpartum 

Unclear/No 
definition 

Interview questions/diagnostic criteria not 
reported. Results presented for ‘vaginal 
infection’ 

142.9 

Grotegut (2008)171  01/03-
06/05 

US HIC Medical 
records at 
time of birth 

 Narrower 
than CDC 

Fever (≥38°C) and uterine tenderness 12.1 

Guimaraes 
(2007)183 

12/00-
07/03 

Brazil UMI Hospital 
surveillance 

National Nosocomial Infection 
Surveillance System to day 30. 
Reported to follow CDC system 
but not further details provided 

CDC Reports CDC definition used but does not 
give further details 

8.9 

Ivanov (2014)117 01/11-
12/13 

Bulgaria UMI Medical 
records at 
time of birth 

 Unclear/No 
definition 

Endometritis – no further details 98.9 

Iyengar (2012)184 01/07-
12/10 

India LMI Clinical 
research 
follow-up 

2 home visits by nurse-midwives 
at day 2-3 and 6-9 

Broader 
than CDC 

Fever (≥38°C) plus 1 of: lower abdominal 
pain, abnormal vaginal discharge, delayed 
uterine contraction, heavy vaginal bleeding 

12.9 

Jokhio (2005)121 05/98-
10/98 

Pakistan LMI Self-report Routine monthly home visits by 
lay workers. Timing of infection 
data not specified 

Broader 
than CDC 

Fever or foul-smelling vaginal discharge 43.9 
(control 
group) 

King (2012)148 08/95-
02/04 

US HIC Medical 
records at 
time of birth 

Perinatal database comprised of 
medical charts matched to 
administration records with ICD-9 
codes 

ICD-9 Codes for infection not specified 25.3 

Kovavisarach 
(2005)122 

11/01-
02/02 

Thailand UMI Medical 
records and 
research data 
at time of 
birth 

Research doctors performed 
pelvic examination and took 
cervical swabs if infection 
diagnosed before hospital 
discharge at day 4.  

Unclear/No 
definition 

‘Puerperal infection’ – no detail on how 
infection diagnosed or how results of 
examination and swabs were used 

0.0 
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Magann (2011)185 01/07-
07/08 

US HIC Medical 
records at 
time of birth 

 Unclear/No 
definition 

Postpartum endometritis – no further 
detail 

68.8 

Maric (2006)118 1/04-12/04 Bosnia UMI Hospital 
surveillance 

Surveillance to day 42. No details 
provided 

Unclear/No 
definition 

Endometritis – no further detail 16.8 

Ngoga (2009)186 Start 12/03 South 
Africa 

UMI Medical 
records at 
time of birth 

 Unclear/No 
definition 

Endometritis – no further detail 04.8 

Peret (2007)112 07/01-
09/03 

Brazil UMI Clinical 
research 
follow-up 

Visit to research clinic at day 7-15. 
Also diagnosed during admission 
for delivery – unclear if this was 
by researchers or from medical 
records 

Broader 
than CDC 

Fever plus 1 of: delayed uterine 
contraction, abnormal smelling vaginal 
discharge, uterine tenderness on 
examination 

0.0 

Ramírez-Villalobos 
(2009)187 

04/03-
12/03 

Mexico UMI Self-report Interview at research clinic visit 
on day 7. Women who did not 
attend were visited at home 

Broader 
than CDC 

Unspecified combination of: fever and 
shivering, uterine pain, foul-smelling 
vaginal discharge 

26.5 

Saizonou (2014)116 07/09-
02/10 

Benin LIC Medical 
records at 
time of birth 

Diagnosed by doctor or midwife 
under supervision of Public Health 
doctor, up to day 7.  

Unclear/No 
definition 

Peripartum infection defined as any fever 
excluding malaria. Endometritis reported in 
results – no further detail of diagnosis 

16.0 

Sanabria (2011)108 01/07-
12/09 

Cuba UMI Medical 
records at 
time of birth 

Possibly readmissions also 
included by methods unclear 

Unclear/No 
definition 

Endometritis – no further details 4.8 

Sanchez (2015)109 01/12-
12/13 

Cuba UMI Medical 
records at 
time of birth 

Birth records and statistics 
department for maternal and 
child health in the hospital 

Unclear/No 
definition 

Endometritis – no further detail 16.7 (aged 
25-30) 

Suthee (2007)140 01/99-
12/03 

Thailand UMI Medical 
records at 
time of birth 

 Broader 
than CDC 

Fever (≥38°C on 2 occasions at least 4 hours 
apart) plus 1 of: uterine tenderness, foul 
smelling vaginal discharge or white blood 
cell count more than 15000/mm3 

9.3 

Tabcharoen 
(2009)188 

01/97-
12/06 

Thailand UMI Medical 
records at 
time of birth 

Medical records and hospital 
statistics database 

Unclear/No 
definition 

Endometritis – no further detail 1.0 (aged 
20-34) 

Winani (2007)189 Start 
01/2000 

Tanzania LIC Clinical 
research 
follow-up 

Home visit by lay worker at day 5. 
Suspected infection confirmed by 
clinician/nurse at local health 
facility 

Broader 
than CDC 

One of the following: fever, lower 
abdominal pain, foul vaginal discharge 

21.2 
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3.3.2 Wound infection 

There were 29 studies providing data on wound infection (Table 3.3). Ten were conducted in 

HICs, nine in UMI countries, nine in LMI countries and one in nine Asian countries as 

described above125.   

In 13 studies, clinical data was collected during the admission for delivery. Eleven of these 

studies used routine hospital records; in their RCT, Kovavisarach et al also examined women 

with suspected infection and performed wound swabs122; and in a trial of hand washing 

methods in China, Dong et al (2010) assessed the women themselves102. Nine of the studies 

measured both abdominal and perineal wound infection; seven described infection risks of 

less than 20 per 1000101, 113, 119, 158, 169, 186, 191, Latif et al at a teaching hospital in Bangladesh 

described a risk of 30 per 1000198 and Ezugwu et al at a teaching hospital in Nigeria reported 

the highest risk of 83.3 per 1000182. The other four studies identified perineal infection risks 

of 42.9-87.3 per 1000102, 117, 122, 199, with more infection detected in the controlled trials by 

Kovavisarach et al and Dong et al (2010) than in the two studies using routine medical record 

data.   

Four studies collected clinical data after the delivery admission. Risk of wound infection was 

reported at 19.5 per 1000 by Guimaraes et al in Brazil183, and 17.8 per 1000 by Leth et al 

using Danish national and regional databases up to day 30 postpartum152. Risk of perineal 

infection was reported at 25.7 per 1000 by Chongsuvivatwong et al’s multi-country Asian 

study125 and 4.2 per 1000 by Iyengar et al in India, assessed during home visits by nurse-

midwives up to day 9184. In addition, Liu et al examined women in a Chinese hospital and 

identified 88.7 per 1000 with wound infection, but it was unclear if data collection continued 

after hospital discharge and if so for how long103. 

Five studies, three in HICs, collected self-reported data. Three of these studies describe a risk 

of wound infection ranging from 27.4-31.6 per 1000. Bianco et al in Italy42 and Ahnfeldt-

Mollerup et al in Denmark217 used telephone and postal questionnaires respectively, and 

Shriraam et al interviewed women in India up to 6 months postpartum, asking about the first 

42 days138. The other two studies describe perineal infection: no infection was identified by 

Charrier et al in Italy during telephone interviews at 20-30 days postpartum193, and a risk of 

108.7 per 1000 episiotomy infections was identified by Ramirez-Villalobos et al in Mexico187. 

A further six studies, two from HICs, had unclear data collection methods190, 192, 194-197. They 

were hospital-based studies, so data were probably collected from the medical records 

during the delivery admission. Infection risks ranged from 0-62.1 per 1000 women.  
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Infection definitions 

Five studies closely met the standard definition of wound infection. Two of these, based in 

Brazil, stated that they used the CDC definition although the specific criteria were not 

mentioned: Petter et al identified 1.24 wound infection during the delivery admission113 and 

Guimaraes et al identified 1.95% using national surveillance183. In Italy, Bianco et al derived 

definitions from CDC and specifically included purulent discharge, identifying 30.8% 

infection42 and in China, Liu et al measured purulent discharge or incision and drainage of 

the wound, identifying a high risk of infection at 88.7 pe 1000103. Charrier et al, also in Italy, 

did not identify any perineal infection when asking women about purulent discharge or 

abscess193. 

Four studies used ICD-9 or -10 codes although none of them specified the code numbers 

used. Three studies from North America identified up to 3.5 per 1000 women with wound 

infection158, 191, 197 and Chongsuvivatwong et al identified 25.7 per 1000 with perineal 

infection in Asia125. 

Two studies used definitions that are narrower than the CDC standard, potentially missing 

cases. In India, Shriraam et al estimated 27.4 pe 1000 women with wound infection based 

solely on purulent discharge138 and in Mexico, Ramirez-Villalobos et al estimated 108.9 per 

1000 with episiotomy infection based on self-reported symptoms of pus, pain, warmth and 

redness187. 

Four studies included signs of infection based on the CDC definition but also used additional 

criteria that may have over-estimated infection risk. Wound infection was reported at 20.2 

per 1000 by Leth et al,  including gaping of the episiotomy wound152, and 17.8 per 1000 by 

Dasgupta et al in South India, including antibiotic prescription after hospital discharge 

following caesarean section195. Two studies of perineal wound infection included pain and 

redness with or without purulent discharge: Kovavisarach et al’s RCT identified 87.3 per 1000 

with infection in Thailand and Iyengar et al identified 4.2 per 1000 in India122, 184.  

The remaining 14 studies provided no clear definition; ten of these were conducted in LMICs. 

Four of the studies also had unclear data collection methods and nine only collected data 

until hospital discharge after delivery.  Eleven reported wound infection risk of 0-83.3 per 

1000101, 119, 169, 182, 186, 190, 192, 194, 196, 198, 217, and the other three reported perineal infection risk 

of 42.9-86.7 per 1000102, 117, 199.  
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Table 3.3: Definitions for Wound Infection 

Author Date Country Income 
level 

Data 
Collection 

Details of data collection Infection 
definition 

Details of definition Wound 
Infection 
Per 1000 
women 

Ahnfeldt-
Mollerup 
(2012)179 

05/07-
04/08 

Denmark HIC Self-report Questionnaire day 28. Searched GP 
and hospital records for validation. 
One third of diagnoses from self-
report alone. 

Unclear/No 
definition 

Asked if they had an infection and where it 
was, including ‘wound’. If in contact with 
GP or hospital then clinical diagnosis used 
instead, as given by physician.  

31.6 

Awan (2015)190 10/10-
09/11 

Pakistan LMI Unclear Data collected on a predesigned 
proforma – but not clear where the 
information came from 

Unclear/No 
definition 

Wound infection – no further detail 20.0 

Bailit (2006)191 01/01-
12/01 

US HIC Medical 
records at 
time of birth 

Birth certificate data linked to 
hospital discharge data 

ICD-9 Codes not specified 2.0 

Bianco (2013)42 09/07-
09/08 

Italy HIC Self-report Telephone call at day 30. Searched 
medical records for validation, 
including wound cultures and 
antibiotics. 12% diagnosed from 
self-report alone 

CDC States definitions of postpartum infections 
were derived from CDC definitions 
including SSI. Full details not provided but 
includes fever and wound discharge 

30.8 

Bodner (2011)192 11/05-
01/09 

Austria HIC Unclear Hospital-based study so probably 
from medical records at time of 
birth 

Unclear/No 
definition 

Abdominal or episiotomy wound infection 
– no further detail 

11.2 

Charrier 
(2010)193 

05/04-
10/04 

Italy HIC Self-report Telephone interview at 20-30 days 
Data also collected during hospital 
stay by direct observation and from 
medical records. 

CDC Episiotomy and perineal wound infection: 
drainage of pus or abscess. Women were 
asked about symptoms, diagnosis by 
physician and antibiotic administration 

0.0 

Chongsuvivatwo
ng (2010)125 

09/01-
09/04 

9 Asian 
countries 

3 UMI,  
5 LMI,  
1 LIC 

Clinical 
research 
follow-up 

Clinical data collected on a 
checklist, in hospital and at home 
until day 5. No details on how this 
was done, or by whom 

ICD-10 Minor and major wound infection – codes 
not specified 

25.7 

Danish (2010)194 05/98-
11/99 

Pakistan LMI Unclear Hospital-based study so probably 
from medical records at time of 
birth 

Unclear/No 
definition 

Wound infection – no further detail 62.1 
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Dasgupta 
(2014)195 

10/10-
09/11 

India LMI Unclear Hospital-based study so probably 
from medical records. Included 
infection to day 7 but no methods 
described to follow women after 
hospital discharge  

Broader 
than CDC 

Discharge from caesarean wound and 
episiotomy wound gape 

20.2 

Dimitriu 
(2010)119 

01/06-
09/09 

Kuwait HIC Medical 
records at 
time of birth 

 Unclear/No 
definition 

Wound infection – no further detail 3.3 

Dong (2009)101 01/01-
11/04 

China UMI Medical 
records at 
time of birth 

 Unclear/No 
definition 

Perineum or caesarean wound infection – 
no further detail 

13.2 

Dong (2010)102  07/08-
08/08 

China UMI Research data 
at time of 
birth 

Clinical data collected by study 
doctor 

Unclear/No 
definition 

Perineal infection using hospital diagnostic 
criteria – no details provided 

86.7 

Ezugwu 
(2011)182 

09/08-
12/08 

Nigeria LMI Medical 
records at 
time of birth 

 Unclear/No 
definition 

‘Wound sepsis’ – no further detail 83.3 

Geller (2010)169 1995-
2005 

US HIC Medical 
records at 
time of birth 

 Unclear/No 
definition 

Wound infection as determined by the 
hospital clinician 

0.2 

Goff (2013)158 01/08-
12/09 

US HIC Medical 
records at 
time of birth 

 ICD-9 Wound infection – codes not specified 3.5 

Guimaraes 
(2007)183 

12/00-
07/03 

Brazil UMI Hospital 
surveillance 

National Nosocomial Infection 
Surveillance System to day 30. 
Reported to follow CDC system but 
no further details provided 

CDC Reports CDC definition used for surgical 
site and episiotomy infection, but does not 
give further details 

19.5 

Ivanov (2014)117 01/11-
12/13 

Bulgaria UMI Medical 
records at 
time of birth 

 
Unclear/No 
definition 

Perineal wound infection after vaginal 
delivery – no further details 

42.9 

Iyengar (2012)184 01/07-
12/10 

India LMI Clinical 
research 
follow-up 

2 home visits by nurse-midwives at 
day 2-3 and 6-9 

Broader 
than CDC 

Perineal infection – perineal pain and pus 
or redness on examination 

4.2 

Jaleel (2009)196 01/06-
04/08 

Pakistan LMI Unclear Hospital data so probably medical 
records at time of birth 

Unclear/No 
definition 

Wound infection – no further detail 0.0 
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Janssen 
(2009)197 

01/00-
12/04 

Canada HIC Unclear Hospital and home births included. 
Unclear who diagnosed infection or 
length of follow-up 

ICD-10 Wound infection – codes not specified 1.4 – 
planned 
midwife. 
3.0– 
planned 
doctor 

Kovavisarach 
(2005)122 

11/01-
02/02 

Thailand UMI Research data 
at time of 
birth 

Women with infection were 
examined by the authors (doctors) 
and wound swab performed 

Broader 
than CDC 

Perineal wound infection – pain and 
erythema, with or without purulent 
discharge 

7.3 

Latif (2013)198 01/00-
06/00 

Banglades
h 

LMI Medical 
records at 
time of birth 

 Unclear/No 
definition 

Wound infection – no further details 30.0 

Leth (2009)152 01/01-
12/05 

Denmark HIC Clinical 
follow-up 
using routine 
data 

Data to day 30, from hospital 
laboratory information system, 
regional prescription database and 
National Hospital Registry.  

Broader 
than CDC 

One of the following: positive wound 
culture or abscess OR re-operation due to 
wound infection OR dicloxacillin antibiotic 
after hospital discharge following 
caesarean section 

17.8 

Liu (2010)103 01/05-
12/06 

China UMI Clinical 
research 
follow-up – 
time not 
specified 

Clinical data collected by a study 
doctor.  

CDC Abdominal and perineal wound infection – 
purulent discharge OR needs incision and 
drainage 

88.7 

Ngoga (2009)186 12/03 South 
Africa 

UMI Medical 
records at 
time of birth 

 
Unclear/No 
definition 

Abdominal wound infection and 
episiotomy sepsis – no further details 

0.0 

Oladapo 
(2007)199 

01/90-
12/05 

Nigeria LMI Medical 
records at 
time of birth 

Average hospital stay 5-6 days in 
early 1990s and 2-3 days from late 
1990s 

Unclear/No 
definition 

Wound infection (abdominal or 
episiotomy) – no further details 

51.8 

Petter (2013)113 01/09-
12/10 

Brazil UMI Medical 
records at 
time of birth 

Identified from regular 
communication on infection and 
notification to the hospital 
Infection Control service. Assumed 
until discharge after delivery 

CDC Surgical site infection according to the 
national nosocomial infection surveillance 
system which follows CDC definitions: 
endometritis, surgical wound infection, or 
episiotomy infection following an obstetric 
procedure. Details not provided.   

12.4 
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Ramírez-
Villalobos 
(2009)187 

04/03-
12/03 

Mexico UMI Self-report Interview at research clinic visit on 
day 7. Women who did not attend 
were visited at home 

Narrower 
than CDC 

Episiotomy infection – purulent discharge, 
pain, warmth and redness. (Simple 
complications with pain, bleeding and 
separation were excluded) 

108.9 

Shriraam 
(2012)138 

11/08-
02/09 

India LMI Self-report Structured questionnaire on the 
postpartum period (to day 42), 
delivered up to 6 months 
postpartum 

Narrower 
than CDC 

Wound with purulent discharge 27.4 
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3.3.3 Sepsis 

There were 27 studies providing data on sepsis (SIRS, severe sepsis or blood stream infection) 

(Table 3.4). Sixteen were conducted in HICs, seven in UMI countries and 4 in LMI countries.  

Data collection methods 

In over half (14/27) of studies, clinical data was collected from routine hospital records 

relating to the admission for delivery. Twelve of these studies reported a sepsis risk of 0-2.3 

per 10004, 108, 111, 114, 117, 124, 131, 149, 155, 158, 201, 206. Dotters-Katz et al218 and Callaghan et al151 used 

two different databases of nationally representative US hospital data to identify blood 

stream infection of 0.7 per 1000 and 0.2 per 1000 (including a marker of severity) 

respectively. 

Eleven studies collected clinical data after the delivery admission of which seven (five from 

HICs) used hospital record data, both at birth and during readmission. Pallasmaa et al (2008 

and 2015) used the Finnish National hospital discharge registry and described sepsis 

incidence to day 42 postpartum, increasing over time from 3.3 per 1000 to 8.1 per 1000204, 

205. Three studies reported risk of severe sepsis: Mayi-Tsonga et al identified no cases in their 

audit of maternal near-miss in Gabon115, Karolinski et al identified a risk of 0.4 per 1000 in 

their study of life-threatening complications up to 42 days in Argentina203 and Huda et al 

identified a risk of 8.8 per 1000 up to 42 days in Bangladesh202. The final two studies reported 

blood stream infections: Cape et al identified 1.7 per 1000 with infection up to 30 days 

postpartum at a teaching hospital in the US200 and Knowles et al identified 1.1 per 1000 up 

to day 42 at two tertiary maternity hospitals in Ireland153. 

Belfort et al, using readmission data in the US, reported sepsis risk of 0.1 per 1000 up to 42 

days postpartum180. Maric et al identified no cases of puerperal sepsis at a Bosnian hospital 

conducting its own surveillance to 42 days118. Leth et al, in Denmark, identified 0.6 per 1000 

women with blood stream infection up to day 30 postpartum152 and Chongsuvivatwong et al 

identified a peritonitis risk of 0.2 per 1000 in Asia125. 

Only Shriraam et al in India collected self-reported data, identifying an extremely high risk of 

38.4 per 1000 women with postpartum/puerperal sepsis occurring until day 42138. Tippawan 

et al reported 1.1 per 1000 with sepsis from National Health Security Office data in Thailand, 

although the data collection methods were unclear150. 
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Sepsis definitions 

The 27 studies present results for SIRS/sepsis, severe sepsis and blood stream infection. 

Acosta et al4 and Bauer et al149 report results separately for sepsis and severe sepsis, thereby 

creating a total of 29 outcomes assessed in the 27 studies Over half (15/29) of these 

definitions used ICD-9 and 10 codes, but three did not use codes that fully met one of the 

sepsis definitions, and two did not list the code numbers. Their results are reported together 

with the studies that presented clinical definitions.  

Five definitions met the criteria for SIRS/sepsis, three using ICD codes and two specifying SIRS 

criteria correctly. Infection risks ranged from 0.3-1.1 per 10004, 114, 124, 149, 150. 

Chongsuvivatwong et al reported 0.2 per 1000 women with peritonitis in Asia; a definition 

likely to miss many cases of sepsis as well as including non-septic women125. The two studies 

by Pallasmaa et al used ICD-10 codes for peritonitis as well as puerperal sepsis, potentially 

including non-septic women and identifying a higher proportion of cases (3.3-8.1 per 

1000)204, 205. Eight studies, including two using ICD codes and five from LMICs, provided no 

definition. One was the study by Shriraam et al which identified 38.4 per 1000 with 

puerperal/postpartum sepsis using self-reported data138. The other seven studies report 

sepsis risks ranging from 0-2.3 per 1000108, 117, 118, 131, 180, 201, 206. 

Four definitions met the criteria for severe sepsis. Three of the studies were conducted in 

HICs and used ICD codes, identifying a low risk of disease (0.1-0.5 per 1000)4, 149, 203. The 

fourth study, by Huda et al in Bangladesh, identified a much higher risk (8.8 per 1000) using 

clinical criteria202. Mayi-Tsonga et al in Gabon included signs of severe disease but their 

definition was broader than the standard and included the vague descriptor of ‘general state 

impaired’115. However, no cases were reported. 

Kuklina et al and Goff et al, both utilising large US databases, selected ICD-9 codes that met 

the definitions for combined SIRS and severe sepsis, reporting 0.3 per 1000 and 1.3 per 1000 

women with disease respectively155, 158. Luz et al also measured SIRS with and without signs 

of severity at a teaching hospital in Brazil, but narrowed the definition to those with a positive 

blood or swab culture; they reported a risk of 0.5 per 1000111. 

Finally, four studies, all from HICs, met the definition for blood stream infection, one using 

ICD codes, with risks ranging from 0.6-1.7 per 1000152, 153, 200, 218. Callaghan et al narrowed 

the definition to only include cases of blood stream infection with prolonged admission, 

reporting a risk of 0.2 per 1000151.  
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Table 3.4: Definitions for Sepsis 

Author Date Country 
Income 
level 

Data Collection Details of data collection 
Infection 
type 

Definition Details of definition 

Sepsis 
cases 
per 
1000 
women 

Acosta (2013)4 01/05-12/07 US HIC Medical 
records at time 
of birth 

Live births only Sepsis Meets 
definition 

ICD-9 Septicaemia (038.1–038.9) or 
sepsis (995.91) 

1.0 

Acosta (2013)4 01/05-12/07 US HIC Medical 
records at time 
of birth 

Live births only Severe 
sepsis 

Meets 
definition 

ICD-9 Severe sepsis (995.92) or 
Sepsis (as above) plus prolonged 
length of stay or transfer to 
intensive care or death. Septic 
shock (785.52) 

0.5 

Bauer (2013)149 01/98-12/08 US HIC Medical 
records at time 
of birth 

NIS data Sepsis Meets 
definition 

ICD-9 Septicaemia (038.0, 038.1, 
038.11, 038.12, 038.19, 038.2, 
038.2, 038.4, 038.40, 038.41, 
038.42, 038.43, 038.44, 038.49, 
038.8, 038.9, 112.5). Septicaemia 
during labour (659.3x). SIRS without 
organ dysfunction (995.91).  

0.3 

Bauer (2013)149 01/98-12/08 US HIC Medical 
records at time 
of birth 

NIS data Severe 
sepsis 

Meets 
definition 

ICD-9 SIRS with organ dysfunction 
(995.92). Septic shock (785.52). 
Severe sepsis defined as a code for 
sepsis plus a code for acute organ 
dysfunction, hypotension or 
hypoperfusion (multiple codes 
listed) 

0.1 

Belfort (2010)180 01/07-12/07 US HIC Medical 
records for 
readmission 

Readmission to hospital from 
discharge to day 42 

Sepsis Unclear/No 
definition 

ICD-9 codes not specified 0.1 

Ben (2007)114 01/99-12/03 Tunisia UMI Medical 
records at time 
of birth 

Medical record data on all 
severe (near-miss) puerperal 
infection at one hospital using 
SIRS criteria.  

Sepsis Meets 
definition 

Called ‘Severe (near-miss) 
puerperal infection)’ - SIRS criteria 
specified 

0.8 
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Callaghan (2008)151 01/91-12/03 US HIC Medical 
records at time 
of birth 

National Hospital Discharge 
Survey 

Blood 
stream 
infection 

Narrower ICD-9. Septicaemia (038) and 
hospital stay of 3+ days  

0.2 

Cape (2013)200 01/00-12/08 US HIC Medical 
records at birth 
and 
readmission 
postpartum 

Hospital laboratory and 
medical records from 7 days 
antepartum to 30 days 
postpartum 

Blood 
stream 
infection 

Meets 
definition 

Positive blood culture plus clinical 
diagnosis of chorioamnionitis, 
endometritis or wound infection. 
(Cultures taken if fever ≥100.4°F 
and signs of infection) 

1.7 

Chongsuvivatwong 
(2010)125 

09/01-09/04 9 Asian 
countries 

3 UMI, 
5 LMI, 
1 LIC 

Clinical 
research 
follow-up 

Clinical data collected on a 
checklist, in hospital and at 
home until day 5. No details on 
how this was done, or by 
whom. Results for vaginal 
deliveries only 

Sepsis Narrower ICD-10 code for peritonitis 0.2 

David (2012)201 01/05-12/10 India LMI Medical 
records at time 
of birth 

Vaginal deliveries only Sepsis Unclear/No 
definition 

Puerperal sepsis – no further detail 0.0 

Dotters-Katz (2015)218 01/08-12/10 US HIC Medical 
records at time 
of birth 

NIS Blood 
stream 
infection 

Meets 
definition 

ICD-9 Septicaemia (038.x) or 
bacteraemia (790.7) 

0.7 

Goff (2013)158 01/08-12/09 US HIC Medical 
records at time 
of birth 

Perspective database Sepsis 
and 
severe 
sepsis 

Meets 
definition 

ICD-9 Septicaemia (038) infection in 
labour (659.3) septic shock (785.52) 
bacteraemia (790.7) SIRS (959.9). 
Excluded antepartum conditions 
(codes with a 5th digit of '3')  

1.3 

Huda (2012)202 01/08-12/08 Bangladesh LMI Medical 
records at birth 
and 
readmission 
postpartum 

From labour until 32 days 
postpartum 

Severe 
sepsis 

Meets 
definition 

Septic shock or septicaemia: Genital 
source of infection and fever (≥38.3 
°C) or hypothermia, and tachycardia 
(≥110/min) or tachypnoea (≥ 
30/min). Plus, low blood pressure 
or confusion or unconsciousness or 
scanty urine output  

8.8 

Ivanov (2014)117 01/11-12/13 Bulgaria UMI Medical 
records at time 
of birth 

Medical record and laboratory 
data 

Sepsis Unclear/No 
definition 

Sepsis – no further details 0.8 
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Karolinski (2013)203 06/08-05/09 Argentina HIC Medical 
records at birth 
and 
readmission 
postpartum 

Admissions with life-
threatening complications up 
to 42 days postpartum. 
Denominator is live-births at 
the same facilities.  

Severe 
sepsis 

Meets 
definition 

ICD-10 Life-threatening puerperal 
sepsis: O85 plus admission to 
intensive care, or emergency 
hysterectomy or organ dysfunction 

0.4 

Knowles (2014)153 01/05-12/12 Ireland HIC Medical 
records at birth 
and 
readmission 
postpartum 

Medical and laboratory 
records, infection prevention 
and control team records and 
annual clinical report. From 
labour until 42 days 
postpartum 

Blood 
stream 
infection 

Meets 
definition 

Positive blood cultures and same 
organisms cultured from genital 
tract.  

1.1 

Kuklina (2008)155 01/98-12/04 US HIC Medical 
records at time 
of birth 

NIS Sepsis 
and 
severe 
sepsis 

Meets 
definition 

ICD-9 Septicaemia (038x) Septic 
shock (785.5) SIRS without/with 
organ dysfunction (995.91/2)  

0.3 

Leth (2009)152 01/01-12/05 Denmark HIC Clinical 
research 
follow-up using 
routine data 

Data to day 30, from hospital 
laboratory information system, 
regional prescription database 
and National Hospital Registry.  

Blood 
stream 
infection 

Meets 
definition 

Positive blood cultures and 
concomitant antibiotics 

0.6 

Luz (2008)111 10/05-07/06 Brazil UMI Medical 
records at time 
of birth 

Cases identified daily by a 
trained nurse and data 
extracted from clinical records 
by the researcher 

Sepsis 
and 
severe 
sepsis 

Narrower SIRS criteria plus positive blood 
culture or positive swab culture. 
With/without organ dysfunction or 
hypotension. 

0.5 

Lyndon (2012)131 01/05-12/07 US HIC Medical 
records at time 
of birth 

Live, singleton births only Sepsis Unclear/No 
definition 

ICD-9 Maternal sepsis – codes not 
specified 

0.9 

Maric (2006)118 01/04-12/04 Bosnia UMI Hospital 
surveillance 

Surveillance to day 42. No 
details provided. Nulliparous 
vaginal deliveries only 

Sepsis Unclear/No 
definition 

Puerperal sepsis – no further detail 0.0 

Mayi-Tsonga (2007)115 06/06-12/06 Gabon UMI Medical 
records at birth 
and 
readmission 
postpartum 

Audit of near-miss cases 
throughout pregnancy and 
postpartum  

Severe 
sepsis 

Broader  Fever (≥38°C) plus hypotension or 
altered consciousness or general 
state impaired 

0.0 
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Pallasmaa (2008)204 01/97-12/97 
and 01/02-
12/02 

Finland HIC Medical 
records at birth 
and 
readmission 
postpartum 

National hospital discharge 
registry to day 42 postpartum 

Sepsis Broader  ICD-10 Puerperal sepsis (O85) or 
generalised peritonitis (K65.0) or 
peritonitis unspecified (K65.9) 

1997 – 
3.3 
2002 – 
4.5 

Pallasmaa (2015)205 01/07-12/11 Finland HIC Medical 
records at birth 
and 
readmission 
postpartum 

National hospital discharge 
registry to day 42 postpartum 

Sepsis Broader  ICD-10 Puerperal sepsis or 
peritonitis or re-operation for 
infection 

8.1 

Sanabria (2011)108 01/07-12/09 Cuba UMI Medical 
records at time 
of birth 

Unclear if readmission also 
included 

Sepsis Unclear/No 
definition 

Sepsis – no further detail 1.8 

Shriraam (2012)138 11/08-02-09 India LMI Self-report Structured questionnaire on 
the postpartum period (to day 
42), delivered up to 6 months 
postpartum 

Sepsis Unclear/No 
definition 

Postpartum sepsis/puerperal sepsis 
– no further detail 

38.4 

Simoes (2005)206 01/98-12/98 
and 01/01-
12/01 

Germany HIC Medical 
records at time 
of birth 

Perinatal database  Sepsis Unclear/No 
definition 

Septicaemia – no further details 1998 – 
0.9 
2001 – 
2.3 

Tippawan (2014)150 10/10-09/11 Thailand UMI Unclear National Health Security Office 
data 

Sepsis Meets 
definition 

ICD-10 Puerperal sepsis (O85) 1.1 

Zhang (2005)124 01/95-02/98 9 European 
countries 

HIC Medical 
records at time 
of birth 

Unclear if readmission also 
included. Two-weekly data 
collection by trained 
researchers.  

Sepsis Meets 
definition 

SIRS criteria specified 0.7 
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3.4 Summary and Discussion 
Half of all studies (38/73) measured outcomes during the delivery admission, potentially 

missing many cases of infection. However, infection incidence across these studies was wide, 

not clearly related to the definitions used, and incidence risks did not appear to be higher 

when hospitals surveyed women for a longer period, except for blood stream infections. This 

could reflect the different contexts where studies occurred, poor follow-up methods that 

continued to miss cases, or unclear reporting of study methods with longer follow-up than I 

accorded them. 

The majority of data came from routine medical records, especially, and most 

appropriately, in the studies of sepsis. However, infection was also diagnosed by 

researchers within hospitals, and data was collected postpartum using a variety of follow-

up methods: home visits, clinic visits, postal questionnaires and telephone calls. Higher 

risks of endometritis were described by studies collecting self-reported data, in particular 

by lay-workers in LMICs. This could reflect a real increased risk in these settings or a more 

complete follow-up programme, however, it could also indicate an overdiagnosis of 

infection based on a non-clinical judgement of women’s symptoms (misclassification).  

In comparison, incidence of wound infection was not higher in studies using self-reported 

data. Instead, some of the highest risks were reported when infection was diagnosed by 

research doctors. An example of this is seen by comparing the three Chinese studies. The 

largest of these utilised medical record data on all women delivering at one hospital within 

a 4-year period to estimate an abdominal and perineal wound infection risk of 13.2 per 1000. 

This compares to a risk of 88.7 per 1000 in a small cohort of 360 women being examined for 

infection by research doctors and a risk of perineal infection of 86.8 per 1000 in the 300-

woman control arm of a trial of hand washing. This may be an example of confirmation bias, 

with over-diagnosis of infection by researchers specifically looking for it. Alternatively, it 

could indicate that studies using routine data are missing cases of infection. 

Studies of sepsis were more likely to use a standard definition compared to those measuring 

the other outcomes, with 15 out of 29 estimates meeting the definition compared to only 

three and five of 29 for endometritis and wound infection respectively. A higher proportion 

of the sepsis studies were conducted in high-income countries and the vast majority used 

hospital records, which is both unsurprising and appropriate given the severity of the 

condition and the expectation that most women will be admitted to hospital. The higher 

compliance with a standard definition was also due to the provision of appropriate ICD-code 

numbers which were missing in studies of the other two outcomes.  
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Studies of sepsis that used broader or narrower definitions than the standard appeared to 

have higher and lower risk of disease respectively, after accounting for the three severities 

of outcome (Fig. 3.1). However, this was not the case for endometritis or wound infection 

(Fig. 3.1). Studies of endometritis were particularly prone to using a broader definition than 

CDC, and although incidence did not appear higher this carries the risk of over-estimating 

the outcome. 

A substantial proportion of all outcomes had no clear definition, and this was a greater 

problem for endometritis and wound infection (42% and 48% respectively) compared to 

sepsis (27%). This lack of a definition occurred with all forms of data collection, and in 

countries from all income-levels.  

3.4.1 Conclusion 

This narrative review illustrates some of the limitations in the way maternal peripartum 

infection has been measured, however, it also demonstrates that good practice is possible. 

Standard definitions were applied in both hospital and community settings, and some studies 

managed to conduct active follow-up for four to six weeks postpartum using a variety of 

methods. Studies of sepsis had the advantage of being able to rely on hospital records, 

because of the severity of disease. Postpartum follow-up of endometritis and wound 

infection is more challenging and greater care is needed to retain women and avoid 

misclassification.  
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Fig 3.2: Illustration of data collection methods and infection definitions for each study  
 
Country income-level     Infection incidence 
 

 HIC  UMI  LMI   LIC     Endometritis    <1%  1-1.9%  2-6%  ≥6% 
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Chapter 4: Postnatal surveillance methods – literature 

review and synthesis 
 

4.1 Introduction 
In the previous chapters, the systematic review of peripartum infection revealed two major 

challenges in the measurement of childbirth-related maternal infection. The first relates to 

the variety of definitions used, resulting in studies measuring potentially different outcomes. 

Tackling this requires the creation and use of standard definitions that can be applied across 

different settings. The second relates to the identification or detection of all cases in a 

population. The majority of study outcomes were identified from medical records, and half 

of them did not describe follow-up periods beyond the childbirth admission. The effect of 

this limited surveillance is not evident from the review because of the many other differences 

in the studies. However, individual studies clearly demonstrate a high proportion of 

postnatal maternal infections are missed by failing to conduct thorough surveillance after 

hospital discharge42, 219. European SSI surveillance reports not only find just a small 

proportion of infections (16% in 2010-11) are diagnosed during hospitalisation, but also that 

countries with more intensive surveillance methods identify more infections220, 221. 

The systematic review provided some examples of post-childbirth data collection, however, 

there are studies of postnatal surveillance which do not measure infection or did not meet 

the inclusion criteria for the review but can help inform the design of future surveillance. As 

well as research design, they can also inform routine surveillance and provide insights into 

maternal postnatal care provision. I therefore reviewed these studies to describe the 

proportion of postnatal women successfully retained in follow-up, comparing different 

surveillance methods. My secondary objective was to describe any methodological details or 

interventions that contributed to successful surveillance.   

4.2 Methods 
I conducted a literature search in March 2021 for studies that collected health data on 

women or newborns after birth. In Medline I combined postnatal terms (postpartum or 

postnatal or postpartum period/ or postnatal care/ or caesarean section) with terms for 

surveillance (surveillance or public health surveillance/ or population surveillance/). I 

included English language, peer-reviewed articles. All quantitative study designs were 

included. I excluded articles published before 2007 as the aim was to learn about the 

coverage and challenges of current methods of surveillance. I excluded studies that did not 
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specify the proportion of the study population retained in follow-up, or provide details of 

their follow-up methods, and articles that only reported mortality outcomes because 

different methods are required for collection of morbidity data. I also excluded any articles 

already included in the systematic review presented in the previous chapter. I examined the 

reference lists from these articles for any additional studies not identified above. In addition, 

I retained some studies that did not meet the criteria above but provided insights into novel 

ways of conducting maternal postnatal care, or explored women’s experiences of care during 

this period.  

For each study I extracted data on the study population, length of postnatal follow-up, health 

condition of interest, method of data collection and percentage of women/newborns 

reached. For studies of maternal postnatal infection, I extracted the proportion of infections 

occurring after hospital discharge, when available. In addition, I documented information on 

interventions implemented to provide or improve postnatal follow-up and care, and on 

women’s experiences and desires regarding health and support in the postnatal period. 

4.3 Results 

4.3.1 Overview of surveillance studies 

I identified 28 studies providing data on postnatal surveillance methods (Table 4.1); four 

from North America222-225 (three from the US), nine from Europe219, 226-233 (1 Kosovo), two 

from Latin America234, 235 (both Brazil), three from Asia236-238 and seven from SSA239-245. 

 In addition, three studies covered multiple countries; one had sites in SSA, Asia and Latin 

America246, the second had sites in SSA and Latin America247 and the third had sites in SSA 

and South Asia248. There were two cross-sectional studies, five controlled trials (four of which 

were cluster-randomised) and one before-after evaluation. The remaining 18 studies were 

prospective cohorts. The sample sizes ranged from 193 to 187,501.  

4.3.2 Outcomes measured 

The most common outcome was SSI, measured by twelve studies; three from SSA242-244, one 

from Latin America234 and the remainder from Europe or North America219, 224, 225, 227-229, 231, 

233. Five of these studies reported on a range of surgical procedures of which caesarean 

section was one219, 228, 229, 242, 244, and seven included only caesarean section patients. In the 

majority (10) of these studies, women were followed-up for a month (28-30 days), in line 

with the CDC definition of SSI as occurring up to 30 days after surgery. One Canadian study 

of SSI following caesarean section collected data at 42 days as this was when women 
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returned for a standard postnatal visit224. One UK study collected data on post-caesarean 

wounds supplied by community midwives, who discharged women after an average of 15 

days postnatal233.  

Seven of the studies of SSI reported the proportion of all infection cases diagnosed after 

discharge. Among four studies of various surgical procedures, post-discharge infection 

ranged from 73% to 88%228, 229, 242, 244. The median day of diagnosis was 15 in a Kenyan RCT244 

and 13 in the Norwegian national surveillance system for Healthcare Associated Infections 

(NOIS)228. There were three studies of post-caesarean SSI. A UK study followed women on 

average for 15 days and reported 84% of infections occurring post-discharge233. An Italian 

study diagnosed 89% of infections post-discharge with median day of onset of 9.5227, and in 

a Tanzanian study, the median day of onset was 8 and all infections were identified after 

discharge243. Two other studies of caesarean SSI reported similar median times to infection 

of 7 days (Kosovo)231 and 10 days (Brazil)234.  

Various other maternal outcomes were assessed by seven studies: blood pressure223, 

perineal morbidity230, pelvic pain226, infection232, depression237, direct maternal 

morbidities248, and near-miss criteria238. One study was interested in pregnancy outcomes 

and postnatal mortality246, and two were interested in health service utilization for maternal 

postnatal care240, 245. Six studies, five in LMICs, were interested in newborn care and illness, 

including two that specifically surveyed breastfeeding practices222, 235, 236, 239, 241, 247. 

4.3.3 Data collection methods 

Telephone methods 

Seven of the 28 studies aimed to collect data on all participants using telephone calls; two 

were conducted in HICs225, 229, two in SSA242, 243, two in Brazil234, 235, and one in India238. Five 

measured SSI at 28-30 days, one (Brazilian) study measured exclusive breastfeeding at 30-45 

days235 and an Indian call centre collected data on near-miss criteria between day 8-42238. 

Across the seven studies, 63-91% of the intended populations were reached at least once by 

telephone. The best performing surveillance was conducted in Switzerland229, involving five 

calls to each woman at around one month postnatal. In a Tanzanian study, 84% of women 

provided one or more telephone number and were called up to two times on three separate 

occasions, reaching 87% of them at least once243. The Indian call centre telephoned up to 

three times to reach 86% of all women238. The usual reason for not reaching a woman by 

telephone was no telephone number in their records, therefore, among women with a 

telephone number the success would be considerably higher. Fieldworkers visited women 
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who could not be reached by telephone, giving an overall coverage of 98%. A study in the US 

called up to three times on three separate days, reaching 82% of women at least once, and 

65% on all three occasions225. Among all SSI identified, 26% were detected solely by 

telephone surveillance because these women did not return to the study hospital so were 

missed by standard hospital record surveillance. In Sudan, participants provided two 

telephone numbers and were called on four occasions, reaching 78%242. It is not specified 

whether they were called more than once on each day. Among the identified SSI, 43% were 

detected solely by telephone surveillance. Two Brazilian studies had the lowest coverage 

using telephone methods. One study of post-caesarean SSI made up to five calls on two 

occasions, reaching 67% of women at least once234. The other study was conducted in the 

Western Brazilian Amazon with a population that was 28% rural. They made ‘several 

attempts’ to contact women from day 30-45 to interview them about breastfeeding and 

reached 63% of them.  

A small RCT in the US used text messaging to collect twice daily blood pressure 

measurements from women with hypertensive disease223. In the first 10 days postnatal, 92% 

of women sent at least one blood pressure reading by text message. In the control arm, only 

44% of women visited the hospital clinic for a blood pressure recording during this period.  

Telephone calls were used to supplement postal questionnaires in two national surveillance 

systems. The NOIS module for SSI sent a postal questionnaire at 25 days after surgery, 

followed by a reminder letter and then a telephone reminder, and reached 88% of women 

post-caesarean section228. Data was also collected from hospital records, however, 23% of 

infections were purely based on patient reports. A study of breastfeeding in the US used data 

from the Pregnancy Risk Assessment Monitoring System (PRAMS)222; a survey of maternal 

behaviours, attitudes and experiences between 2-6 months postnatal249. A postal 

questionnaire is sent up to three times, with one reminder after the first time. Women who 

do not respond are called up to 15 times and the questionnaire conducted by telephone. 

States are allowed to provide an incentive for completing the questionnaire. In 2014, 

weighted response rates among participating states ranged from 47% to 74% with a median 

of 61%. The relatively low response may reflect the length of the questionnaire which takes 

around 20 minutes to complete and some difficulty in locating women’s telephone number 

within routine data.  Among women who responded, 20% completed the questionnaire by 

telephone interview, but this was higher for harder to contact demographics including ethnic 

minorities, adolescents and those with lower educational levels.  
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A cluster RCT (cRCT) of surgical patients in Kenya244 and a cohort of post-caesarean women 

in Italy227 measured SSI at clinic visits, supplemented by telephone calls when required. In 

both cases, surveillance data was captured for 94% of women. Further details of the methods 

used and the proportion of women requiring telephone calls is not provided.  

Three non-surveillance studies explored the potential of telehealth in the provision of 

obstetric care. Two recent US studies were conducted in the context of the COVID-19 

pandemic. One article details the management of high-risk pregnancies using a combination 

of telehealth and in-person consultations250. They advise that postpartum care can be safely 

carried out for stable patients using a video call, including examination of a caesarean scar, 

lactation consultation, and Blood Pressure (BP) monitoring with the use of a home BP cuff. A 

second study specifically describes the remote management of obstetric patients with 

COVID, primarily through twice daily nurse telephone calls251. They were able to manage 86% 

of women entirely through telehealth and suggest that telehealth models could have a role 

in improving access to both ante- and postnatal care, especially for women with barriers to 

attendance such as geography, transport, childcare and work.  

An Irish study assessed women’s willingness to pay for three hypothetical forms of post-

caesarean SSI surveillance; a standard mobile telephone application (app), an integrated app, 

and a telephone helpline252. The standard app would provide information about Caesarean 

Section (CS) and SSI, allow women to enter symptoms and record vital signs and generate 

advice based on the results, e.g. to contact their general practitioner. The integrated app, in 

addition to the above, would involve a midwife reviewing the results and telephoning the 

woman if necessary. The helpline would allow the woman to call a midwife directly during a 

2-hour period each day. Almost half of women preferred the integrated app, with the 

standard app the least popular option. However, based on women’s willingness to pay, the 

standard app was the only cost-beneficial method, due to the higher costs of staffing the 

integrated app and helpline.  

Postal questionnaires 

The 3 studies using postal questionnaires alone had a wide range of response rates. An older 

study from the UK, published in 2007, sent a questionnaire at 12 months, followed by a single 

reminder, to assess perineal morbidity230. Responses were received from only 33% of 

women. A Swedish study had a 60% response rate from a questionnaire on postpartum 

infection sent at 8 weeks postnatal232. The best response rate was from a Norwegian study 

of postpartum pelvic pain that accessed women recruited to the MoBa study253. They 
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received an 85% and 73% response rate for a questionnaire sent at 6 and 18 months 

respectively226. All women giving birth at 50+ hospitals in Norway were eligible for the cohort 

study but by 2005 only 43% had consented. Therefore, the relatively high response rates are 

among a self-selecting group of interested women.  

Home visits 

Postpartum home visits were implemented by seven of the 28 surveillance studies; six in 

LMICs and one in the UK. Three of these studies introduced visits by existing community 

workers to improve newborn care practices or morbidity. Studies in Bangladesh236 and 

Ghana241 evaluated the outcome using cluster RCTs. Three visits were planned in the first 7-

8 days and at least one visit occurred in 73% and 63% of cases respectively. The third study 

in Malawi used a before-after evaluation. only 11% of participants received a visit in the first 

72 hours239. Many of the community workers lived outside their catchment areas and they 

all had other responsibilities, both in the community and at the local health centre, which 

the authors suggest led to the low level of early visits. The other four studies used home 

visits to assess various maternal outcomes. In a UK cohort study, community midwives 

measured post-caesarean SSI during routine home visits, returning records on 88% of 

participating women233. In a multi-site study in South Asia and SSA, fieldworkers assessed 

maternal morbidity during pregnancy and at one week and 7-11 weeks postpartum248. 

Among the 125,716 pregnant women enrolled at an antepartum visit, 91% were visited 

postpartum. Among In a cohort study in Kenya, trained interviewers visited women twice 

during pregnancy and once in the first 6 weeks postnatal to assess intentions and utilisation 

of maternal health services240. Among all enrolled women, 89% were visited postnatally. 

However, among women remaining in the study in the third trimester of pregnancy, 97% 

were visited after delivery. In another large cRCT in Bangladesh, women were enrolled in 

pregnancy and assessed for depressive symptoms at 6 months postnatal during a home visit 

by trained interviewers237. 96% of consenting women contributed depression data. Among 

women without data, two thirds were not met.  

Hospital visits 

Two HIC studies collected data on post-caesarean SSI when women returned for routine 

clinic visits. In Kosovo, 77% of women attended for a 30-day visit with loss occurring due to 

women attending more local clinics, being out of the country or withdrawing231. In Canada, 

81% of women returned for a 6-week visit224. A multi-country cohort study in Latin America 

and SSA invited women to visit the study site at 90-days to collect neonatal data247. On 

average, 69% of women attended. Attendance was higher if women could walk to the site or 
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had lower transportation costs. The authors concluded that involving local health facilities 

would increase follow-up in future studies.  

A before-after study in Burkina Faso sought to improve attendance and quality of maternal 

postnatal care by integrating it into child vaccination clinics245. Day 6-10 visits increased from 

21% to 49% with a similar increase in women being examined (17% to 40%). Only 26% 

received advice on topics such as family planning and breast feeding, although this was a 

marked improvement from before the intervention (8%). 

Records and reports  

A multi-country cohort, involving sites in Latin America, SSA and South Asia, collected data 

from hospital records, birth attendants and village elders to determine pregnancy outcomes 

and postnatal mortality for 98% of participants246. A large cohort in the Netherlands also used 

health record data, conducting a retrospective examination of admission and Outpatient 

department records from all facilities, or using a health registration card, to detect SSI219. 

This ‘mandatory’ surveillance was used for 75% of surgical cases and detected 2.6 times more 

cases of SSI than less intensive methods that relied predominantly on (re)admission to the 

original surgical facility.  

4.3.4 Qualitative research on postpartum care provision 

Two qualitative studies, in the US254 and Australia255, explored women’s challenges and 

concerns regarding postnatal care. The US study used free-text comment data from PRAMS, 

while the Australian study conducted in-depth interviews with 15 women. Women in both 

studies expressed a need for psychosocial support, including peer support from mothers’ 

groups as well as input from health professionals. They also revealed a desire for more 

information or education, especially about caring for their baby, including reassurance for 

small, everyday concerns.  

4.4 Summary and Discussion 
Follow-up of women after birth is performed as part of routine care; to monitor the health 

of mother and baby, and provide education and advice. The two qualitative studies identify 

a strong desire from women for sources of information and support during the postnatal 

period; although both were conducted in HICs and may not be generalisable to low-income 

settings. Follow-up is also performed for surveillance purposes; either routinely by a hospital, 

network or country, or for research purposes. The literature reveals a wide variety of 

methods for conducting this surveillance, with differing levels of success ranging from 11% 

to 96%.  
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Postal questionnaires were used only in HIC studies, delivering a very mixed response of 33% 

to 85%. Home visits, conducted primarily in LICs, also had diverse results. As part of a trial, 

visits from interviewers could reach as many as 96% of women participants. However, when 

added to the workload of existing community health workers, a smaller proportion of women 

were visited, dropping as low as 11% in one study. When the cost of transport and the 

opportunity costs of staff time are also considered, home visits may be of limited value in 

routine surveillance. However, an economic analysis of the Malawi programme suggested  a 

scaled-up intervention would be cost-effective if it resulted in a 1% reduction in neonatal 

mortality rate256.  

 

Visits by women to health facilities offer a potentially simple, low-cost method for postnatal 

surveillance or care. However, the one study carried out in multiple LMICs achieved only 69% 

follow-up, and an attempt to improve postnatal visits in Burkina Faso resulted in less than 

half of women attending, even with the intervention. In addition, this method is likely to 

differentially exclude poorer women, and those living in more remote locations. Use of 

existing health records also appears a low-cost option for surveillance, of particular value for 

severe morbidity when women are more likely to return to a health facility. However, both 

low- and high-income studies demonstrate the need to involve data from the whole range 

of healthcare providers, including community health workers, lower-level facilities and 

outpatient clinics. For routine surveillance, a system will need to be established to link health 

records and reports from these different sources.  

 

Telephone calls performed well across both LMICs and HICs, reaching 63% to 91% of 

participants. Most studies reported calling on multiple occasions and some requested more 

than one telephone number. When combined with other modalities such as hospital visits or 

postal questionnaires, telephone calls proved an important addition, capturing a substantial 

percentage of infection that would otherwise have been missed. They were particularly 

useful for reaching sectors of the population that were considered harder-to-reach. In 

addition to traditional telephone calls, text messaging, video calls and mobile apps show 

potential in HICs.  
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Table 4.1: Studies with quantitative data on postnatal surveillance 

Study Location Design Number of 
women 

Study outcome Method Details Response Other comments 

Halwani 
2016225 

US Prospective 
cohort 

193 CSa SSIb Telephone Phoned day 7, 14, 
30. 3 calls each day. 

82.4% at least once. 
65% all 3 days. 

26% diagnosed solely by 
telephone.  

Lima 2016234 Brazil Prospective 
cohort 

528 CSa SSIb Telephone Phoned within 15 
days and at 15-30 
days. 5 calls each 
time. 

67% once. 45% before 
day 15. 

170 lost to follow-up, 5 
died. 71% diagnosed within 
15 days. Mean day 12, 
median day 10 

Nguhuni 
2017243 

Tanzania Prospective 
cohort  

374 (316 with 
telephone 
access) 

CSa SSIb Telephone Phoned day 5, 12, 
28. 2 calls each day.  

87% at least once 100% diagnosed post-
discharge. Median day 8. 
Calls 3-5 mins. Cost $0.5 

Elbur 
2013242 

Sudan Prospective 
cohort 

1769 SSIb (CSa 39%) Telephone Phoned day 7, 14, 
21, 28 

78.4% (78% women vs 
85% men) 

20.8% lost, 0.8% died. 88% 
diagnosed post-discharge. 
43% diagnosed by 
telephone 

Troillet 
2017229 

Switzerland Prospective 
cohort (national 
survey) 

187,501 SSIb Telephone Phoned up to 5 times 
at 1 month 

91% for CS 86.5% diagnosed post-
discharge. SSI incidence 
1.6% 

Mosquera 
2019235 

Brazil Prospective 
Cohort 

1523 Exclusive 
breastfeeding 

Telephone Followed to day 30-
45. No other details.  

63% (3% invalid phone 
number) 

 

Gass 2018238 India Prospective 
cohort (call 
centre) 

157,689 Near-miss 
maternal 
morbidity 

Telephone and 
field worker 
visit 

Phoned 3 times from 
day 8-21. If no 
response, then 
fieldwork visit. 

86% reached by phone  
 

Hirshberg 
2018223 

US RCT 206 BP monitoring 
in severe 
hypertensive 
disease 

Text message 
(vs clinic visit) 

Asked to text 2 BP 
readings each day for 
10 days 

92.2% at least 1 reading 
(vs 43.7% attended the 
clinic) 

 

Lower 
2013228 

Norway Prospective 
cohort 
(Norwegian 

21,772 SSIb Postal 
questionnaire 
or telephone 

Letter after 25 days, 
reminder letter, then 
phone call 

91% (88% for CS).   81% diagnosed post-
discharge (83% for CS). 
Median day 13.2 
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surveillance - 
NOIS) 

95% of all hospitals 
participated 

Ahluwalia 
2012222 

US Prospective 
cohort 
(Pregnancy Risk 
Assessment 
Monitoring 
System – PRAMS) 

 
Breastfeeding Postal 

questionnaire 
or telephone 

Letter sent 3 times, 
plus one reminder. 
Non-responders 
phoned up to 15 
times 

Breastfeeding study 
selected sites with >70% 
response 

Median state-level response 
of 61%. 20% of 
questionnaires conducted 
by phone.  

Nthumba 
2010244 

Kenya cRCT  3317 SSIb (CSa 18%) Clinic visit or 
telephone 

Followed to 30 days. 
No further details 

94% 72.9% diagnosed post-
discharge. Median day 15 

Ferraro 
2016227 

Italy Prospective 
cohort 

3685 CSa SSIb Routine clinic 
visit or 
telephone 

Followed to 30 days. 
No further details 

94% 89.0% diagnosed post-
discharge. Median day 9.5 

Williams 
2007230 

UK Retrospective 
cross-sectional 
survey 

2,100 Perineal 
morbidity 

Postal 
questionnaire 

Letter at 12 months. 
Reminder after 3 
weeks 

23% 
 

Axelsson 
2013232 

Sweden Prospective 
cohort 

11,124 Postpartum 
infection 

Postal 
questionnaire 

One letter at 8 weeks 60% 
 

Bjelland 
2016226 

Norway Cross-sectional 
survey 

20,248 Postpartum 
pelvic pain 

Postal 
questionnaire 

Letter at 6 and 18 
months 

84.8% (6 months), 
72.5% (18 months) 

 

Darmstadt 
2009236 

Bangladesh  cRCT 10,006 
newborns 

Neonatal 
illness 

Home visits by 
Community 
Health Workers 

Visits day 2, 5 and 8 73% at least once Median 4 assessments per 
neonate. 4% referred.  

Kirkwood 
2013241 

Ghana cRCT 6029 Newborn care 
practices 

Home visits by 
community-
based 
surveillance 
volunteers 

Visits day 1, 3, 7 63% at least once  

Callaghan-
Koru 2013239 

Malawi Before-after 
evaluation 

903 (before) 
900 (after) 

Newborn 
knowledge and 
care practices 

Home visits by 
lay worker 

Visits day 1, 3 and 8 10.9% visited within 72 
hours 
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Ward 
2008233 

UK Prospective 
cohort 

6,297 CSa SSIb Home visits by 
midwives 

Routine community 
midwife visits. Mean 
follow-up 15 days. 

88% returned midwife 
records 

84% post-discharge.  

Aftab 
2021248 

Bangladesh, 
India, Pakistan, 
DRC, Ghana, 
Kenya, Zambia, 
Tanzania 

Prospective 
cohort 

125,716 Direct maternal 
morbidity and 
mortality, 
stillbirth, and 
neonatal death 

Home visits by 
fieldworkers 

Visits week 1 and 7-
11. Also 3 visits 
during pregnancy.  

91% visited at least 
once postpartum 

 

Creanga 
2016240 

Kenya Prospective 
cohort 
(Demographic 
Surveillance Site) 

1185 Intentions re 
maternal 
health service 
utilization 

Home visits by 
trained 
interviewers 

Visit up to 6 weeks 
postpartum. Also 2 
visits during 
pregnancy.  

97% visited from 3rd 
trimester to 6 weeks 
postpartum 

94% intended PNC, 52% 
achieved it. More likely to 
achieve it if polygamous 
relationship, husband (vs 
woman) making health 
decisions, delivery 
complications. Less likely if 
stillbirth or poor experience 
of birth.  

Surkan 
2017237 

Bangladesh cRCT 59,666 Postpartum 
depression 

Home visits by 
trained 
interviewers 

Visits at 3 and 6 
months.  

96% with depression 
data at 6 months 

 

Zejnullahu 
2019231 

Kosovo Prospective 
cohort 

325 CSa SSIb Routine clinic 
visit 

Visit at 30 days 77% of eligible patients Loss due to attending local 
clinic, being out of the 
country or withdrawal. 
Median diagnosis 223day 7 

Ng 2015224 Canada Prospective 
Cohort 

8442 CSa SSIb Routine clinic 
visit 

Visit at 6 weeks. Also 
used records from 
delivery, 
readmission, and 
emergency 
department visits 

81% visited the clinic. 
85% with data.  

96% detected by clinic visit. 
3% emergency department. 
2% readmission 

Madhi 
2018247 

Panama, 
Dominican 
Republic, South 

Prospective 
Cohort 

3243 Neonatal 
follow-up 

Visit to study 
site 

Visit at day 90  69% Attendance more likely if 
women walked or had lower 
transportation costs. 
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Africa, 
Mozambique 

Yugbare 
2018245 

Burkina Faso Before after 
survey 

757 (before) 
754 (after) 

Maternal 
postpartum 
care 

Clinic visit for 
child 
vaccination 

Maternal care 
integrated into child 
vaccination clinics 

Day 6-10 maternal visit 
increased from 21% to 
49%. Physical exam 
increased from 17% to 
40%.  
Health promotion 
advice increased from 
8% to 26%.  
Day 45-90 visit 
increased from 3% to 
17%.  

 

Goudar 
2012246 

Argentina, 
Guatemala, 
India, Kenya, 
Pakistan, 
Zambia 

Prospective 
cohort 

72,848 Pregnancy 
outcome and 
postnatal 
mortality 

Health reports Birth attendant 
reports, hospital 
records, telephone 
reports from village 
elders, to day 42 

98% 
 

Koek 2015219 Netherlands Prospective 
cohort (PREZIES 
Dutch 
surveillance 
network) 

105,607 SSIb Registration 
card or medical 
records 
(Mandatory 
surveillance 
group) 

Includes records of 
admission, 
readmission, 
outpatients at any 
facility, to day 30 (for 
CS).  

75% CS had mandatory 
surveillance.  

Mandatory vs ‘other’ 
methods detected 1.55% SSI 
vs 0.60%. (Other methods 
primarily included 
admission and readmission 
records at delivery hospital 
only).  
Surveillance to 21 days 
reduced SSI detection by 
11% 

aCS – Caesarean Section. bSSI – Surgical Site Infection 
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Chapter 5: Postnatal Telephone Surveillance Methods 
 

5.1 Introduction 
The systematic review of peripartum infection incidence presented in chapter 2 revealed 

only occasional use of standard infection definitions, a sparsity of data from LMICs and a 

frequent lack of follow-up beyond the first few days after childbirth. Literature on postnatal 

surveillance, presented in chapter 4, showed good response rates from telephone 

surveillance in both LMICs and HICs, suggesting this method has potential to assist research 

in this field. Exploring this method further, and identifying factors that enhance telephone 

surveillance coverage, can improve the quality of future research.  

In response, I chose to conduct a postnatal telephone surveillance study to explore the 

feasibility of this method of surveillance, and to estimate incidence of postnatal infection. I 

adapted standard definitions of the infections of interest, as described below. I also explored 

potential risk factors for infection and possible early consequences. As described in the 

introduction to this thesis, neonatal infection is intimately related to infection in the mother, 

therefore I also collected data on the health of the newborn.   

For the systematic review I studied maternal peripartum infections, namely 

chorioamnionitis, postpartum endometritis, childbirth-related wound infection (caesarean 

and perineal) and sepsis (where specified, as a result of one of the above). The telephone 

surveillance study diverted a little from the above group of infections. Endometritis and 

wound infections were both included. However, it focussed primarily on women’s 

experience after childbirth and did not ask about features of chorioamnionitis, although data 

was extracted from hospital records on infection in labour. In addition, I included UTI, which 

had been excluded from the review. While conducting the review I discovered many studies 

of peripartum infection and the ICD codes for puerperal infection included UTI. Risk of UTI is 

increased by urinary catheterisation during childbirth, and it is therefore appropriate to 

measure it alongside other childbirth-related infections. Diagnosis of sepsis is based on 

clinical signs and I did not attempt to diagnose it on self-reported symptoms. Instead, I hoped 

that by measuring the above infections I would also capture cases of severe disease and 

sepsis arising from them.  
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5.2 The CLEAN Study 
The postnatal telephone surveillance study was conducted as a sub-study of the CLEAN 

study. The CLEAN study was a pilot evaluation of a training in environmental hygiene for 

maternity units that ran from April 2018 to July 2019 in three high-volume public hospitals 

in Dar es Salaam, Tanzania. The project was a collaboration between the London School of 

Hygiene and Tropical Medicine (LSHTM), the Ifakara Health Institute (IHI), Tanzania, and the 

Soapbox Collaborative. Muhimbili University of Health and Allied Sciences was contracted 

directly by IHI as a training institution.  

Ten days of formative observation was conducted from August to September 2018. This was 

followed by the preparatory intervention stage; engagement with hospital managers, 

selection of cleaning champions by each hospital, and adaptation of the TEACH CLEAN 

training package. Training of champions and subsequent training of cleaners at each hospital 

took place from 7th to 28th January 2019. Data was collected on environmental cleaning and 

microbiological cleanliness of surfaces in the maternity wards from 28th October 2018 until 

24th May 2019.  

The two CLEAN study hospitals with highest delivery volume were selected for telephone 

surveillance. Amana and Temeke public hospitals are the regional referral hospitals for Ilala 

and Temeke municipalities respectively, both serving an urban population. There are a total 

of 28 regional referral hospitals in Tanzania of which three serve Dar es Salaam. In the 2012 

census Ilala had a population of over 1.2 million and Temeke of nearly 1.4 million. Both 

hospital maternity units record approximately 1,000 births each month.  

5.3 Postnatal Telephone Surveillance Study 

5.3.1 Eligibility and recruitment 

Telephone surveillance took place from March to June 2019, during the final weeks of the 

CLEAN study, and after the training of cleaners had been completed. Women were recruited 

from 19th March to 2nd May 2019, and telephone interviews were conducted between 26th 

March and 14th June.  

At each hospital, two trained research nurses recruited women from Monday to Thursday 

each week for eight weeks, excluding public holidays. For pragmatic reasons, the nurses were 

not asked to work over the weekend, and Fridays were used to pass recruitment details to 

the nurses conducting telephone interviews (as detailed below). However, women recruited 

on Mondays would have given birth on Sunday day or night, ensuring weekend deliveries 
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were included in the sample population. Women were randomly selected each day, with the 

aim of achieving a representative sample.  

The planned recruitment number increased gradually from 12 to 20 women per hospital per 

day during the study period, with the expectation that the nurses would become more 

efficient at recruitment, data collection and telephone interviews as the study progressed. I 

designed a sampling form in Open Data Kit (ODK) and installed it on tablet devices which 

were provided to each nurse. Every morning, they created a sampling frame of all women 

who gave birth from 7am the previous day until 7am that morning. Using the delivery register 

on labour ward, they manually counted the total number of deliveries and the number of 

caesarean sections during the 24-hour period and entered this data, together with the 

planned recruitment number for the day. The ODK form calculated the number of women 

with a vaginal delivery and with a caesarean section that they should aim to recruit that day, 

ensuring the same proportion of caesarean deliveries in the sample as in the hospital 

population.  

The nurses used the Random Number Generator Plus tablet application (manufactured by 

RandomAppsInc and offered by Google Commerce Ltd since 2nd January 2016) to randomly 

select the specified number of women for each delivery mode from the delivery register. 

After completing this, they generated a new set of random numbers to select up to eight 

additional women to recruit in place of any who were unavailable or ineligible. Eligible 

women were aged 18 years or older, had access to at least one mobile phone and gave birth 

in the hospital. Women who required admission to the ICU were not eligible for recruitment 

because the hospitals considered them too unwell to consent and did not want the research 

nurses entering these units.  

Eligible women were located on the postnatal wards on the same morning they were 

sampled. They were individually counselled about the project, provided with written 

information and asked for signed consent to participate. If a woman could not read or write, 

a family member or another woman on the ward was asked to witness her thumbprint 

consent. Women were asked to provide up to three telephone numbers for follow-up; one 

or two numbers of their own and at least one number of a close relative or neighbour. 

5.3.2 Telephone schedule and protocol 

Every Friday the research nurses working at the hospitals attended the IHI offices in Dar es 

Salaam to pass on the details of all the women recruited that week. They created a simple 
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index card for each woman with her name, telephone number, delivery mode and scheduled 

interview dates. The cards were filed by date, under the planned day-7 interview date.   

Two further research nurses, stationed at IHI offices, interviewed each woman by telephone 

in Kiswahili at 7 and 28 days after recruitment. To increase the response rate, women were 

called multiple times over the course of a week, on all the telephone numbers provided. The 

nurses were instructed to make up to four telephone call attempts to reach each woman per 

scheduled interview; the first call on the morning of the scheduled interview, a second call 

later the same day, a third call the next day and a fourth call after seven days. At each 

attempt, the nurses were expected to call each of the woman’s telephone numbers. If they 

reached a relative/friend, they asked for a suitable time and telephone number to call back 

to speak to the woman. If the woman answered but was occupied, they arranged a suitable 

time to call back. The outcome of every attempted call was documented on the back of the 

woman’s index card and the card was moved to the next call-date in the filing system. After 

conducting the day-7 interview, or making four failed call attempts, the card was moved to 

the day-28 interview date. After both interviews, the cards were retained until all data 

collection and cleaning was complete.  

5.3.3 Data collection 

I designed ODK forms to collect individual women’s data from their hospital records and at 

telephone interview. The text on the forms was translated into Kiswahili and the research 

nurses had the option to view the form in Kiswahili or English. They entered the data 

anonymously on tablets, using unique identification numbers allocated to each woman at 

recruitment. The hospital-based research nurses extracted data from each woman’s paper 

case-notes as soon as possible after she was discharged from hospital. Maternal factors 

included maternal age, gestational age, parity, HIV status, pregnancy complications 

(diabetes, hypertensive disorders, ante-partum haemorrhage), complications during labour 

and delivery (premature rupture of membranes (PROM), induction or augmentation of 

labour, operative delivery, post-partum haemorrhage (PPH)), infection during labour or 

postpartum and the name and reason for any antibiotic prescription. Newborn factors 

included number of foetuses, occurrence of stillbirth, Apgar score at five minutes, use of 

resuscitation, development of sepsis, admission to a neonatal unit, details of any antibiotic 

prescription and vital status at discharge.  

Each telephone call attempt was entered into ODK with six possible outcomes of the call: 1) 

interview completed, 2) no answer, 3) incorrect number, 4) relative/friend answered, 5) 
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woman left the study, 6) inconvenient time to speak. When an interview occurred, the nurses 

documented whether they had used the first, second, or third telephone number provided 

by the woman. ODK was programmed to save the date and time a new entry was started and 

completed.  

Interviews consisted primarily of closed questions regarding the history and ongoing 

presence of specific symptoms of infection in both mother and newborn, the day symptoms 

started, care-seeking behaviour, medication received, and readmission to hospital. Short, 

open questions were asked about any problem for mother or newborn since birth, and the 

diagnosis given if they sought care for that problem. Maternal depression and functionality 

were assessed at day 28 only. Depression was assessed using a 5-item modified Edinburgh 

Postnatal Depression Scale (EPDS), validated in South Africa where it gave the best overall 

performance compared to longer and shorter versions of the EPDS257. Functionality was 

assessed according to the ease of conducting five common postpartum activities: 

breastfeeding, washing oneself, housework, carrying the baby and caring for the baby. I 

chose not to use a formal functioning assessment tool such as the WHO Disability 

Assessment Schedule because a pilot study of its use in pregnancy and postpartum women 

suggested it was not optimal for this population and a tool that asked more specifically about 

infant care would be more relevant258. In addition, it was important to make the interview 

too long and detract from the focus on infection.  

Women with infection symptoms were advised to attend a health-facility if they hadn’t 

already done so. In cases of maternal depression or neonatal death, women were offered 

referral to social welfare liaison for counselling and support. 

5.3.4 Defining infection 

I aimed to collect data on the following maternal postnatal infections: caesarean SSI, perineal 

wound infection, endometritis, and UTI. I also collected data on newborn infections: possible 

severe bacterial infection (pSBI) and umbilical cord infection. I combined the self-reported 

symptoms of infection collected during telephone interview to establish the diagnosis. In 

addition, research nurses extracted infection diagnoses recorded in the maternal hospital 

case-notes at the time of childbirth, including any infection occurring during labour.  

To determine the symptom combinations, I started with international definitions of each 

specific infection. However, these are a guide for clinicians and researchers, usually in high-

income hospital settings and combine symptoms, signs, investigations and physician’s 

diagnosis and treatment. pSBI is intended for primary care health facilities in LMICs and is 
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therefore based purely on signs, although these are still expected to be assessed by someone 

trained. Therefore, I adapted the definitions to exclude the results of investigations or the 

diagnosis and management of clinicians, and instead to rely entirely on symptoms and signs 

that could be self-reported by women. Table 5.1 presents the original definition, the adapted 

definition used in this study, and the explanation for the adaptation.  

5.3.5. Research nurse training 

Together with my co-investigator at IHI, I developed training materials and trained the six 

research nurses for six days in all aspects of sampling, recruitment and data collection, 

including the use of ODK. We used role-play to practice the consent procedure and telephone 

interviews, and I created dummy maternal case-notes to practice data extraction into the 

ODK forms. Under our supervision, the nurses spent one day at each of the two study 

hospitals where they met with ward staff, agreed the best time and location to counsel and 

consent women, and developed a system to mark the case-notes of recruited women to 

allow easier identification after discharge. In addition, they piloted the recruitment and data-

extraction tools on 24 women. The two nurses allocated to telephone interviews spent an 

additional two days of training conducting pilot interviews with the same 24 women. I 

amended the ODK data-collection forms in response to some small issues identified during 

the pilot. 

5.3.6 Study size 

I aimed to recruit 900 women so that with an estimated loss of 10% I would have 95% 

confidence to estimate a maternal infection risk of 30 per 1000 (+/- 12 per 1000).  
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Table 5.1: Adaptation of infection definitions used in telephone surveillance 
Infection Standard definition (source) Adapted definition Explanation 

Caesarean 
Section Surgical 
Site Infection 
(SSI) 

SSI-Surgical site infection (CDCa92) 
Superficial incisional SSI must meet the following criteria: 
Involves only skin and subcutaneous tissue of the incision AND 
Patient has at least one of the following: 
1. Purulent drainage from the superficial incision OR 
2. Organisms identified (further detail not reported here) OR 
3. Incision is deliberately opened by a surgeon/attending 

physician/other designee and microbiologic testing not performed 
AND patient has least one of pain or tenderness, localised swelling, 
erythema, heat. OR 

4. Diagnosis by the surgeon/attending physician/other designee 
 
Deep incisional SSI must meet the following criteria: 
Involves deep soft tissues of the incision AND 
Patient has at least one of the following; 
1. Purulent drainage from the deep incision OR 
2. A deep incision that spontaneously dehisces, or is deliberately 

opened or aspirated AND organisms identified AND patient has at 
least one of fever (>38C), localized pain or tenderness OR 

3. An abscess or other evidence of infection involving the deep incision 
detected on gross anatomical or histopathological exam or imaging.  

 
Organ/Space SSI must meet the following criteria: 
Infection involves any part of the body deeper than the fascial/muscle 
layers, that is opened or manipulated during the operative procedure 
AND 
Patient has at least one of the following; 
1. Pus drainage from a drain that is placed into the organ/space OR 
2. Organisms are identified from fluid or tissues in the organ/space OR 
3. An abscess or other evidence of infection involving the organ/space 
AND 
Meets criterion for a specific organ/space infection – This Includes 
Endometritis 
 

At the site of the caesarean wound either: 
Pus discharge OR  
Wound breakdown AND one of more of 
pain, swelling, or redness OR 
Two of more of fever, abdominal pain, 
foul-smelling or pus vaginal discharge 
 

Superficial and deep SSI 
We did not ask women to differentiate between 
skin/subcutaneous and deep tissues. 
 
Excluded laboratory or image tests (organisms, 
image of abscess), clinical diagnosis and 
management (incision deliberately re-opened, 
placement of drain) 
 
Only remaining criteria is pus from the incision.  
 
Therefore, included wound dehiscence 
combined with localised signs of infection (in the 
absence of microbiologic testing or deliberate 
wound opening) 
 
Organ/space SSI 
Criteria 1-3 rely on further investigations or 
clinical management.  
Therefore, as endometritis meets criteria for 
specific organ infection, all women meeting the 
definition of endometritis following caesarean 
section were included as SSI 



134 
 

Urinary Tract 
Infection (UTI) 

Diagnosis of Bacterial UTI in Adult Women (SIGNb259) 
The prior probability of bacteriuria in otherwise healthy women who 
present with symptoms of acute UTI is estimated at between 50-80%. 
If dysuria and frequency are both present, then the probability of UTI is 
increased to >90% and empirical treatment with antibiotic is indicated. 
Initiation of antibiotic treatment should be guided by the number of 
symptoms of UTI that are present. 

• Consider empirical treatment with an antibiotic for otherwise 
healthy women aged less than 65 years presenting with severe or ≥3 
symptoms of UTI. 

• Use dipstick tests to guide treatment decisions in otherwise healthy 
women under 65 years of age presenting with mild or ≤2 symptoms 
of UTI. 

Signs of UTI: dysuria, frequency, urgency, polyuria, fever, suprapubic 
tenderness, flank or back pain 

Women with either  
Pain passing urine AND urinary frequency, 
OR 
Three of the following: 
Pain passing urine, urinary frequency, 
urinary urgency, fever, abdominal pain.  
 

Urine dipstick tests not included 
 
Included the criteria of 3 signs.  
Only lower UTI signs were included. 
Abdominal pain was considered more 
understandable for women than suprapubic 
tenderness.  
Polyuria was omitted as there was possible 
confusion with urinary frequency.  
 
Also diagnosed UTI based on dysuria and 
frequency due to high probability of infection 

Perineal wound 
infection 

EPIS-Episiotomy infection (CDCa92) 
Episiotomy infections must meet at least one of the following criteria:  
1. Postvaginal delivery patient has purulent drainage from the 

episiotomy 
2. Postvaginal delivery patient has an episiotomy abscess  

At the site of a perineal wound, at least 
one of the following criteria: 
Pus discharge OR 
Wound breakdown AND either Pain or 
Swelling 
 

No specific definition for perineal wound 
infection, therefore used episiotomy infection. 
 
Criteria 2 excluded – women not expected to 
self-identify an abscess in the perineal region 
 
Wound dehiscence and localised signs of 
infection (similar to SSI) also included as women 
may not observe pus, and these are considered 
signs of infection in other studies 
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Endometritis EMET-Endometritis (CDCa92) 
Endometritis must meet at least one of the following criteria:  
1. Patient has organism(s) identified from endometrial fluid or tissue by 

a culture or non-culture based microbiologic testing method which is 
performed for purposes of clinical diagnosis or treatment, for 
example, not Active Surveillance Culture/Testing.  

2. Patient has at least two of the following signs or symptoms: fever 
(>38.0°C), pain or tenderness (uterine or abdominal)*, or purulent 
drainage from uterus.  

 
* With no other recognized cause 
 
 
Report as an organ space SSI if a C-section was performed on a patient 
with chorioamnionitis, and the patient later develops endometritis.  

Two of more of the following: 
Fever, abdominal pain, or foul-smelling or 
pus vaginal discharge, 
Where abdominal pain is not explained by 
UTI and vaginal discharge is not explained 
by perineal wound infection 
 
In women with caesarean section, 
endometritis was counted as an organ 
space SSI 
 
 

Criteria 1 excluded – relies on laboratory test 
 
Criteria 2:  
Measurement of temperature not required.  
Tenderness removed as difficult to self-assess 
‘Abdominal’ pain considered appropriate term to 
include pelvic/uterine pain 
‘Purulent’ defined for a lay audience as ‘foul-
smelling or pus’ 
Considered possible for women to confuse 
vaginal discharge and pus from perineal wound, 
therefore, if the woman meets the above criteria 
for perineal wound infection the vaginal 
discharge was discounted.  
 
UTI counted as ‘other recognised cause’ of 
abdominal pain. 
 

Mastitis BRST-Breast infection or mastitis (CDCa92) 
A breast abscess or mastitis must meet at least one of the following 
criteria: 
1. Patient has organism(s) identified from affected breast tissue or fluid 

obtained by invasive procedure by a culture or non-culture based 
microbiologic testing method which is performed for purposes of 
clinical diagnosis or treatment for example, not Active Surveillance 
Culture/Testing.  

2. Patient has a breast abscess or other evidence of infection on gross 
anatomic or histopathologic exam.  

3. Patient has fever (>38.0°C) and local inflammation of the breast,  
AND  
Physician initiates antimicrobial therapy within 2 days of onset or 
worsening of symptoms 

At least one of the following: 
Swollen, hard area of the breast OR 
Both painful, red breast AND fever 
 

Criteria 1 excluded – relies on laboratory test 
 
Criteria 2 – breast abscess defined for patient as 
‘swollen, hard area’ 
 
Criteria 3 – Measurement of temperature not 
required. Local inflammation defined for patient 
as ‘painful and red’ 
 
Requirement for antimicrobial therapy excluded 
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pSBI Clinical predictors of severe illness requiring hospital admission 
(YICSSc80) 
One or more of: 
Temperature ≥37.5 
Temperature <35.5 
Respiratory rate ≥60 
Severe chest indrawing 
History of convulsions  
History of difficulty feeding 
Movement only when stimulated 

At least one of the following: 
Fever, very cold (low temperature), very 
fast breathing, chest indrawing (sucking in 
the ribs when breathing), convulsions/fits, 
poor feeding/not feeding, OR only moving 
when stimulated 

All the signs were used but measurement of 
temperature was not required and respiratory 
rate was not counted. 

Umbilical cord 
infection 

UMB-Omphalitis (CDCa92) 
Omphalitis in a newborn (≤30 days old) must meet at least one of the 
following criteria:  
1. Patient has erythema OR drainage from umbilicus  
And at least one of the following:  
Organism(s) identified from drainage or needle aspirate by a culture or 
non-culture based microbiologic testing method which is performed for 
purposes of clinical diagnosis or treatment, for example, not Active 
Surveillance Culture/Testing OR 
Organism(s) identified from blood by a culture or non-culture based 
microbiologic testing method which is performed for purposes of clinical 
diagnosis or treatment, for example, not Active Surveillance 
Culture/Testing.  
2. Patient has erythema AND purulence at the umbilicus  

Redness around the umbilical cord stump 
OR 
Pus discharge from umbilical cord stump 

Criteria 1 applied without the need for 
microbiological testing 

aCDC – Centres for Disease Control and Prevention. bSIGN – Scottish Intercollegiate Guidelines Network. cYICSS – Young Infant Clinical Signs Study
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5.3.7 Data management – how quantitative variables were handled and 

grouped 

Data was cleaned and analysed using STATA 15.1. In the hospital dataset, 23 identification 

(ID) numbers were entered twice, with different data for each observation, indicating that 

one set of data had been entered using the wrong ID number. The research nurses attempted 

to confirm the correct data for each of these ID from the original hospital records and the 

other entry using the same ID was dropped from the dataset. When this was not possible, 

the two entries were compared, matching values were retained, and other data was 

dropped. In the telephone data, two interviews were entered using the same ID number in 

the case of one day-7 and three day-28 interviews. I attempted to confirm the correct entry 

by comparing with the other sources of study data available for the ID. When this wasn’t 

possible, I followed the same procedure as for hospital data and kept any values that were 

the same in both entries but dropped values that were discordant.  

Hospital record data was explored for unexpected and missing values. Age was grouped as 

18-19, 20-24, 25-29 and 30+. Gravidity and parity were compared for inconsistencies, 

corrected where possible or data dropped when the true value could not be determined. 

Gestational age was grouped as pre-term (<37 weeks), or term (37-42 weeks). Pregnancy 

induced hypertension, pre-eclampsia and eclampsia were combined to create a binary 

variable for all hypertensive disorders. Where necessary, records were corrected for women 

delivering by caesarean section to indicate the presence of intravenous catheterisation.  

Data on twin and triplet pregnancies were inconsistent between data sets. Out of 840 

women with hospital case-note data, 22 were documented to have twin pregnancies and 

one was documented with triplets. Five of the second twins were reported stillborn. Of the 

remaining 18 women, 12 were interviewed but only six provided information about the 

second twin. This was partly due to an error in the ODK programming that was later 

corrected. Due to the large proportion of missing data, only data from the first baby was 

used in analyses.  

No stillbirths were recorded by the nurses extracting data at Temeke. Excluding second twins 

for the reasons above, eleven stillbirths were reported at Amana of whom ten of the women 

have interview data. Two of these babies are documented as alive at interview and details 

about newborn health is provided. Of the remaining eight deaths, the woman gave a reason 

consistent with stillbirth in seven cases (‘died in the womb’ or ‘premature’). In one case the 

mother reported meconium aspiration as cause of death which suggests the baby breathed 
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at birth and was not stillborn. In addition, women reported four additional babies who ‘died 

in the womb’; three at Temeke and one at Amana. Due to these inconsistencies, the 

frequency of stillbirth was not reported, and stillbirth was not analysed as a risk factor of 

maternal infection.  

The 5-item EPDS gave a score out of 15. In the full 10-item scale a score of ≥13/30 is 

considered the highest recommended cut-off for probable depression. I therefore generated 

a binary variable with the closest equivalent score of ≥6/15 indicating probable depression. 

I initially hoped to create a combined score from the maternal function questions, but 

exploration using a correlation matrix and Crohnbach’s alpha did not show sufficient 

correlation. Instead, I analysed recoded the response to each question as a binary variable 

of any versus no difficulty in performing the function.  

Statistical analyses are described in detail in the two chapters that follow.  

5.3.8 Ethics 

The study was approved by the Tanzanian National Institute for Medical Research on 27/2/19 

(Ref: NIMR/HQ/R.8c/Vol.1/654), IHI Institutional Research Board on 3/12/18 (Ref: 

IHI/IRB/AMM/No: 13-2018) and LSHTM Research Ethics Committee on 5/2/19 (Ref: 16204). 

Written informed consent was obtained from women on the postnatal wards. Willingness to 

continue in the study was confirmed at the start of each telephone interview. There was no 

public or patient involvement in the study design or interpretation of results. 

5.3.9 Funding 

The CLEAN study, on which I was a co-investigator, was funded by the MRC. However, 

telephone surveillance was not part of the original proposal to the MRC, and I successfully 

sought additional funding from The Soapbox Collaborative. My proposal was reviewed by 

two independent reviewers, external to Soapbox and the CLEAN study. The grant of £12,000 

paid for ethics approvals, staff costs, transport, training, supplies and equipment necessary 

to conduct the study. In addition, a research degree travel scholarship from LSHTM funded 

my own travel expenses for three weeks at the beginning of the study, and for a further week 

of results’ dissemination in July 2019.  
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Chapter 6: Coverage of telephone surveillance for 

postnatal infections in Dar es Salaam 
 

6.1 Introduction 
The first paper of results from the fieldwork conducted in Dar es Salaam addresses question 

4 of this PhD relating to the feasibility of postnatal telephone surveillance in this setting. 

Specifically, it explores the factors associated with coverage and efficiency in an attempt to 

inform future research using this method of data collection.  

I developed the initial concept and design for the study which I refined after helpful input 

from Oona Campbell, Wendy Graham, and Alex Aiken. I developed the questionnaires, 

programmed them in ODK and trained the research nurses to carry out the data collection. 

After the first week of data collection I returned to the UK and handed over day-to-day 

supervision to the local principal investigator, Dr Mulokozi. I held weekly video calls with the 

research nurses to discuss any issues that arose. They submitted the ODK data each week 

and I conducted preliminary analyses for completeness and cleanliness which I fed back to 

the nurses. This led to improvements in compliance with study protocols.  

I wrote the analysis strategy and cleaned and analysed the data. I received statistical support 

from Andrea Rehman to develop the regression models used.  
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6.2 Cover Sheet 
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6.3 Manuscript 2. Coverage of telephone surveillance for postnatal 

infections in Dar es Salaam: a prospective cohort study 

6.3.1 Abstract 

Introduction 

Postnatal infection surveillance is important to understand the burden of disease and 

improve infection prevention through feedback to healthcare staff. Community surveillance 

is necessary but difficult, especially in low- and middle-income countries. Mobile telephone 

interviews offer a possible solution. We explored factors associated with successful 

telephone contact in a cohort of postnatal women delivering in maternity units in Dar es 

Salaam, Tanzania. 

Methods 

We recruited women who gave birth at two tertiary hospitals between 15th March and 9th 

May 2019 and interviewed them by telephone at 7 and 28 days postnatal. Women provided 

at least two telephone numbers (one belonging to a friend/relative) and were called up to 

four times over seven days for each interview. We used generalised estimating equation 

regression models to explore factors associated with successful contact and interview length.  

Results 

We recruited 879 women, made 2,987 attempted telephone calls and conducted 1,492 

interviews with 791 (90%) women. Research nurse compliance with the protocol (four call 

attempts made on the scheduled days) improved over the study period. Success at 

contacting women was maintained between day-7 (84%) and day-28 (86%) interviews and 

was not associated with women’s age, delivery mode or hospital. Women not reached at 

day-7 often subsequently reported that their telephone was not charged. 29% of interviewed 

women were not reached at the first attempted call and 11% of women were interviewed 

on the second or third telephone number provided. Interviews lasted on average six minutes 

and became shorter during the study period.  

Conclusion 

Postnatal women were successfully contacted by telephone, regardless of age or delivery 

mode, and program managers should consider telephone methods for infection surveillance 

and postnatal community follow-up. Multiple calls to more than one telephone number 

increased success. Alerting women to the expected call-day, or providing credit to return a 

missed call may further increase the chance of successful contact.  
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6.3.2 Introduction 

Pregnancy-related sepsis is estimated to cause 11% of maternal mortality7 and prevention is 

a high priority in the WHO’s vision of good quality care for pregnant women1. Detecting all 

cases of infection is important for both individual patient management, and to increase 

understanding of the extent of the problem, and hence assist in advocacy and policy-level 

priority setting. Infection surveillance, with feedback to health professionals, is also an 

effective way to improve infection control practices and reduce morbidity260, 261. The majority 

of severe maternal infections occur postpartum, often after women have been discharged 

home following childbirth42, therefore community surveillance is necessary to detect all 

cases of infection. Indeed, European surveys typically demonstrate that countries with more 

intense surveillance identify a higher incidence of post-caesarean infection, a paradoxical 

situation meaning that more limited surveillance systems are liable to under-estimate 

infection incidence rates220.  

Despite the clear need for good infection surveillance, there are practical challenges to 

conducting it, and limited evidence about the most effective methods to use. Comparisons 

of methods in high-income countries produce inconsistent results262. In LMIC settings, where 

the vast majority of maternal deaths occur, the range of feasible surveillance methods is 

limited. Low literacy and poor postal networks make self-completed questionnaires 

impractical. Home visits are resource-intensive and there are limited computerised, 

comprehensive, linked healthcare databases. Consequently, many studies only report 

infection occurrence up to the time of hospital discharge following facility childbirth85.  

Thanks to extensive mobile phone network coverage, mobile telephone-based surveillance 

is a possible solution for many LMICs. In India, a postpartum call centre managed to survey 

86% of 157,689 enrolled women by telephone, and demonstrated excellent consistency in 

responses when women were called twice238. Telephone surveillance has also been 

successfully used to increase detection of post-caesarean surgical site infection (SSI) in both 

high- and low-income settings, either alone or in addition to a postal questionnaire225, 242, 263. 

There are few validity studies but two in sub-Saharan Africa found among 202 post-

caesarean women in Tanzania and 89 post-operative patients in Kenya, phone surveillance 

had 72% and 70% sensitivity respectively, and 100% specificity to detect an SSI compared to 

diagnosis by a clinician243, 264.  
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In addition to infection surveillance, telephone calls are being used to provide aspects of 

routine maternal healthcare in the context of COVID-19. In a global survey of maternal 

healthcare workers, the first few days postpartum were cited as a time when women needed 

more support and telehealth was frequently used to deliver it265. In addition, advice and 

guidance on neonatal care delivered by telephone was believed to have avoided possible 

morbidity and mortality.  

We have used mobile telephone surveillance in urban Tanzania to estimate 7-day postnatal 

infection incidence of 67 per 1000 mothers and 62 per 1000 newborns266. In this paper we 

interrogate the telephone call data further to explore the factors associated with successfully 

contacting women by telephone, and the characteristics of the interview calls. Our aim is to 

increase understanding about how to effectively conduct telephone-based surveillance in 

Tanzania, and potentially in other LMIC settings; this has relevance to the current falls in 

utilisation of services owing to the COVID-19 pandemic. 

 

6.3.3 Methods 

We conducted postnatal telephone surveillance from March to June 2019 as a sub-study of 

the CLEAN study, a pilot evaluation of training in environmental cleaning in the hospital 

setting86. The study was a collaboration between London School of Hygiene and Tropical 

Medicine (LSHTM) and Ifakara Health Institute (IHI) and was based at Amana and Temeke 

Public Regional Hospitals in Ilala and Temeke municipalities in Dar es Salaam city, Tanzania. 

Each facility recorded approximately 1,000 births per month.  

Research nurses (two per hospital) recruited eligible women from postnatal wards every 

Monday to Thursday, excluding public holidays. Eligible women were aged 18 years or older, 

with access to at least one mobile telephone and providing signed or witnessed thumbprint 

consent. Women were asked to provide up to three mobile telephone numbers; one or two 

of their own and one for a relative or neighbour. The planned recruitment number increased 

gradually from 24 to 40 women per day during the study period, with the expectation that 

research nurses would become more familiar and efficient with the study tools over time. 

We planned to recruit 912 women over eight weeks and conduct 1824 interviews (Table 6.1) 

in order to have 95% confidence to estimate a maternal infection risk of 30 per 1000 + 12 

per 1000 with 80% power, allowing for 10% loss to follow-up at day-28. 
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Table 6.1: Planned schedule for recruitment of women and telephone calls, by study week 

    Initial calls per week 

Study week Recruits/day 
Recruitment 
days/week Recruits/week Day 7 Day 28 Total 

1 24 3 72 0 0 0 

2 30 4 120 72 0 72 

3 30 4 120 120 0 120 

4 30 4 120 120 0 120 

5 40 3 120 120 72 192 

6 40 2 80 120 120 240 

7 40 3 120 80 120 200 

8 40 4 160 120 120 240 

9 0  0 160 120 280 

10 0  0 0 80 80 

11 0  0 0 120 120 

12 0  0 0 160 160 

Total women eligible for contact 912   1824 

 

Telephone schedule and protocol 

A further two research nurses, stationed at IHI offices in Dar es Salaam, interviewed each 

woman by telephone in Kiswahili at 7 and 28 days after recruitment. Telephone interviews 

with women consisted of pre-coded closed questions on the history of specific symptoms of 

infection, day of symptom onset, care-seeking behaviour, and readmission to hospital. A card 

was created for each woman with her name, telephone number and scheduled interview 

dates, and filed under the planned day-7 interview.  

Nurses were instructed to make four telephone call attempts to contact each woman per 

scheduled interview (day-7 or day-28); the second call a few hours after the first, the third 

the next day and the fourth after seven days. At each attempt, the nurses were expected to 

call each of the available woman’s telephone numbers. If they reached a relative/friend, they 

were advised to ask for the best time and telephone number to call back in order to speak 

to the woman. The outcome of each call attempt was documented on the back of the 

woman’s card and the card was moved to the next call-date in the filing system.  

Data Collection 

Data was entered on tablets with Open Data Kit (ODK), using unique identification (ID) 

numbers to maintain confidentiality. Data was extracted from maternal paper case-notes 

after hospital discharge, including woman’s age and mode of delivery. Each telephone call 

attempt was entered into ODK with six possible outcomes of the call: 1) interview completed, 
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2) no answer, 3) incorrect number, 4) relative/friend answered, 5) woman left the study, 6) 

inconvenient time to speak. After an interview, the nurses documented whether they had 

used the first, second, or third telephone number provided by the woman. ODK was 

programmed to record the date and time a new entry was started and saved. The difference 

between these times was used to estimate the length of interview. Data was submitted 

weekly to SW in London who alerted the nurses to women missing the initial or final (after 7 

days) attempted call for each scheduled interview. 

Data management and statistical analysis 

Data was cleaned and analysed using STATA 16. Duplicate ID numbers and data entry errors 

were corrected where possible using hospital case-notes or comparing with other study data. 

If uncertainty remained, data was regarded as missing. We describe the total calls made and 

the final outcome of the call attempts for each woman at day-7 and day-28. We explore how 

well the research nurses followed two areas of study protocol: the proportion of all calls 

made on the expected day (+/- one day) and the proportion of women not reached for 

interview who received four call attempts.  The main study outcomes were 1) the proportion 

of women successfully contacted for each scheduled interview, 2) the proportion of 

interviewed women reached on the first call attempt and 3) the length of interview. Exposure 

factors were the scheduled interview day (day 7 or 28 post-recruitment), the nurse making 

the call, the study registration date, the time of day, the woman’s age, the mode of delivery 

(caesarean section or vaginal birth) and whether the woman or baby were identified to have 

infection in hospital or at interview. We used generalised estimating equation (GEE) 

regression models with binomial distribution, logit link and unstructured covariance matrix 

to account for repeated calls (day 7 and 28) to each woman, to estimate odds ratios (ORs) 

with 95% confidence intervals (CIs) for the association between exposure factors and the 

chance of successfully contacting a woman (outcome 1). Variables showing association 

(p<0.1) were included in multivariable analysis. To assess the association with time of day, 

we included all call attempts and used logistic regression models with random effects to 

account for repeated attempts to each woman. Among women interviewed, we used a 

similar approach, with GEE regression models to assess associations with reaching them on 

the first call (outcome 2). We used GEE models with Poisson distribution, log link and 

unstructured covariance matrix to generate marginal mean interview lengths and explore 

differences in mean lengths between exposure groups (outcome 3). We tabulated the phone 

number used against exposure variables. 
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Ethics 

The study was approved by the Tanzanian National Institute for Medical Research, IHI 

Institutional Research Board and LSHTM Research Ethics Committee. Written informed 

consent was obtained from women on the postnatal wards. Willingness to continue in the 

study was confirmed at the start of each telephone interview. There was no public or patient 

involvement in the study design or interpretation of results.  

6.3.4 Results 

Between 26th March and 14th June 2019, 2,896 attempted telephone calls were made to 879 

recruited women (Fig. 6.1). Women were followed-up for a median of 29 days (range 7-43). 

Women were aged between 18 and 45 years with median age of 25 (Inter-quartile range 

(IQR) 22-30), and 164 (19%) delivered by caesarean section (Table 6.2). Nurse 1 made almost 

twice as many calls as Nurse 2. The majority of calls occurred in the second month of the 

study, and during the first half of the day. Overall, 85% of calls were made on the scheduled 

day (+/- 1 day). Compliance with the schedule improved over time, reaching 90% by the final 

study month.  

Figure 6.1: Flow diagram 

 

  

Extra recruited: 148

Not available: 118
Not eligible: 35

No phone: 28
 18: 6
On ICU: 1

No consent: 6
Unique ID not allocated: 5

2110 Women Delivered

879 Recruited women

895 Sampled women

DAY 7
1591 A empted telephone calls

739 Women interviewed 753 Women interviewed

DAY 28
1305 A empted telephone calls
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Table 6.2: Total call attempts and percentage call attempts on the expected day according 

to planned schedule 

Factor 

 Total calls n (%) 

Called on scheduled day 
(+/-1 day) n (%) 
(N=2862*) 

Total  2896 2419 (84.5) 

Interview Day Day7 1591 (54.9) 1273 (81.3) 

 Day28 1305 (45.1) 1147 (88.4) 

Nurse 1 1836 (63.4) 1526 (84.3) 

 2 1060 (36.6) 894 (85.0) 

Date of call 26 Mar-21 Apr 814 (28.1) 644 (80.5) 

 22 Apr-19 May 1546 (53.4) 1300 (84.9) 

 20 May-14 Jun 536 (18.5) 476 (89.5) 

Time of call Before 9am 1019 (35.2)  

 9-11am 782 (27.0)  

 11am-1pm 561 (19.4)  

 1pm onwards 534 (18.4)  

Hospital Amana 1461 (50.5) 1243 (85.6) 

 Temeke 1435 (49.6) 1176 (83.4) 

*Only includes the first 4 calls made to each woman 

Overall, 791 (90%) women were interviewed at least once. A total of 1,492 interviews 

occurred: at day-7, 84% (739) of women were interviewed and at day-28, 86% (753) were 

interviewed (Table 6.3). The main reason why women were not interviewed is because they 

did not answer their telephones. Women interviewed at day-28 but not reached at day-7 

commonly reported that their telephone batteries were not charged.  

Table 6.3: Outcome of calls 

Final outcome of call Day 7 (N=879) n (%) Day 28 (N=879) n (%) 

Interviewed 739 (84.1) 753 (85.7) 

No answer 88 (10.0) 77 (8.8) 

Wrong number 24 (2.7) 12 (1.4) 

Left study 2 (0.2) 0 

Only reached relative 18 (2.1) 2 (0.2) 

Not convenient 2 (0.2) 0 

Not called 6 (0.7) 35* (4.0) 

*Outcome at day 7 for 35 women not called at day 28: 19 wrong number, 2 left study, 1 not 

convenient, 3 no answer, 7 interviewed, 3 not called. 

According to the study protocol, nurses were expected to make four attempted calls to reach 

each woman per scheduled interview, excluding those who left the study or had an incorrect 

telephone number. They complied with this aspect of the protocol in 52% (108) of the 207 

expected instances. Compliance was similar between the two nurses, improved over time 

(test for trend p<0.001) and at the second (day-28) interview (Table 6.4).  



149 

 

Table 6.4: Proportion of women without an interviewa who were called 4 times (as per 

protocol) 

Factor 

 

No 
scheduled 
interview 4+ calls n (%)  

OR (95% CI) 
(using GEEd) 

p-value 

 Total 207 108c (52.2)   
Interview Day Day7 114 48 (42.1) 1 0.001 

 Day28 93 60 (64.5) 2.5 (1.4-4.3)  
Nurseb 1 119 66 (55.5) 1 0.51 

 2 68 42 (61.8) 1.2 (0.7-2.3  
Registration 18-31 Mar 61 19 (31.2) 1 <0.001 

 1-14 Apr 56 26 (46.4) 1.9 (0.9-3.9)  
 15-28 Apr 38 25 (65.8) 4.1 (1.7-10.0)  
 29 Apr-10 May 52 38 (73.1) 5.9 (2.9-12.1)  

aWomen who left the study and those identified to have provided an incorrect number were 
excluded. 
bExcludes 20 women with no call as these cannot be attributed to a specific nurse 
 c99 (47.8%) women called <4 times: 20 (9.7%) not called, 10 (4.8%) 1 call, 23 (11.1%) 2 calls, 
46 (22.2%) 3 calls 
dGEE – generalised estimating equations 

Women registered after the first two weeks in the study appeared slightly more likely to be 

reached for interview although evidence for an overall association with time was lacking 

(p=0.51). Success at contacting women was maintained at the second (day-28) interview. 

Both nurses were equally successful at reaching women, and none of the women’s attributes 

(age, mode of delivery, hospital or date of registration) affected their chance of being 

interviewed (Table 6.5). The time of day of calls ranged from 05:19 to 21:37. 35% of calls 

were made before 09:00, 27% between 09:00 and 10:59, 19% between 11:00 and 12:59 and 

18% from 13:00 onwards. In an analysis of all calls, after adjusting for interview day and date 

of registration, success at reaching women decreased progressively as calls occurred later in 

the day (test for trend p=0.005, full model not shown). 
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Table 6.5: Factors associated with successfully contacting women for interview (using GEE) 

Factor 
 

Scheduled 
interviews 
n (%)  

Successfully 
contacted n 
(%) 

OR (95% CI) p-value 
(Wald test) 

 Total 1758 1492 (84.9)   

Interview Day Day7 879 (50.0) 739 (84.1) 1  

 Day28 879 (50.0) 753 (85.7) 1.1 (1.0-1.3) 0.14 

Nursea 1 1004 (58.4) 872 (86.9) 1  

 2 714 (41.6) 620 (86.8) 1.1 (0.9-1.4) 0.21 

Registration 18-31 Mar 430 (24.5) 353 (82.1) 1 0.51 

 1-14 Apr 472 (26.9) 405 (85.8) 1.3 (0.9-2.0)  

 15-28 Apr 382 (21.7) 327 (85.6) 1.3 (0.8-2.1)  

 29 Apr-10 
May 

474 (27.0) 407 (85.9) 1.3 (0.8-2.1)  

Age of womanb <25 676 (41.1) 570 (84.3) 1 0.99 

 25-29 470 (28.6) 397 (84.5) 1.0 (0.7-1.5)  

 30+ 498 (30.3) 422 (84.7) 1.0 (0.7-1.6)  

 Missing 114    

Delivery mode Vaginal 1430 (81.3) 1213 (84.8) 1  

 CS 328 (18.7) 279 (85.1) 1.0 (0.7-1.6) 0.93 

Hospital Amana 892 (50.7) 756 (84.8) 1  

 Temeke 866 (49.3) 736 (85.0) 1.0 (0.7-1.4) 0.91 
aMissing 40 - no call made (therefore no nurse allocated) 
bMissing 114 – age not provided in hospital records 

Among 1,492 completed interviews, 71% (1,063) were reached at the first call attempt, 18% 

at the second, 8% at the third and 3% at the fourth attempt or later. Contact at the first 

attempt improved as the study progressed (p<0.0001). Nurse 2 was more successful at 

contacting women on the first attempt (p<0.0001). At day-7, 63% (465) of women were 

contacted on the first attempt versus 79% (598) of women on day-28, and the association 

remained after adjusting for nurse and registration date (p<0.0001) (Table 6.6).  
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Table 6.6: Factors associated with reaching women at the first call attempt among 1492 

conducted interviews (using GEE) 

 

 

Conducted 
interviews 

Reached at 
first call n 
(%)  OR (95% CI) aOR* (95% CI) 

p-value 
(Wald 
test) 

 Total 1492 1063 (71.3)    
Interview 
Day Day7 739 465 (62.9) 1 1 <0.0001 

 Day28 753 598 (79.4) 2.3 (1.8-2.8) 2.2 (1.7-2.8)  
Nurse 1 872 583 (66.9) 1 1 0.0001 

 2 620 480 (77.4) 1.7 (1.4-2.1) 1.6 (1.3-2.0)  
Registration 18-31 Mar 353 229 (64.9) 1 1 <0.0001 

 1-14 Apr 405 267 (65.9) 1.0 (0.8-1.4) 1.1 (0.8-1.5)  
 15-28 Apr 327 257 (78.6) 2.0 (1.4-2.8) 2.1 (1.4-3.0)  
 29 Apr-10 

May 407 310 (76.2) 1.7 (1.3-2.4) 1.9 (1.3-2.6)  
Age of 
woman <25 570 392 (68.8) 1   
 25-29 397 282 (71.0) 1.1 (0.8-1.5)   

 30+ 422 312 (73.9) 1.3 (1.0-1.7)   
Delivery 
mode Vaginal 1213 857 (70.7) 1   
 CS 279 206 (73.8) 1.2 (0.9-1.6)   
Hospital Amana 756 533 (70.5) 1   

 Temeke 736 530 (72.0) 1.1 (0.9-1.4)   

Infection No 1358 970 (71.4) 1   

 Yes 134 93 (69.4) 0.9 (0.6-1.3)   

*Adjusted for interview day, nurse and registration date 

Women were interviewed using their primary phone number on 89% of occasions and this 

increased as the study progressed; from 79% for women registered in the first fortnight to 

94% for women registered in the final fortnight. A higher percentage of young women (age 

<25 years) were reached on their primary phone compared to older age groups (99% vs 87%). 

Women delivered by caesarean section were more likely to be reached on their primary 

phone than those who gave birth vaginally (93% vs 88%) (Table 6.7). 
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Table 6.7: Telephone number used for 1492 interviews  

  Telephone used n (%) 

  Phone 1 Phone 2  Phone 3 

 Total 1321 (88.5) 141 (9.5) 30 (2.0) 

Number of calls 1 980 (92.2) 75 (7.1) 8 (0.8) 

 >1 341 (79.5) 66 (15.4) 22 (5.1) 

Interview Day Day7 642 (86.9) 77 (10.4) 20 (2.7) 

 Day28 679 (90.2) 64 (8.5) 10 (1.3) 

Nurse 1 773 (88.7) 78 (8.9) 21 (2.4) 

 2 548 (88.4) 63 (10.2) 9 (1.5) 

Registration 18-31 Mar 279 (79.0) 53 (15.0) 21 (6.0) 

 1-14 Apr 350 (86.4) 47 (11.6) 8 (2.0) 

 15-28 Apr 310 (94.8) 16 (4.9) 1 (0.3) 

 29 Apr-10 May 382 (93.9) 25 (6.1) 0 

Age of woman <25 510 (98.5) 44 (7.7) 16 (2.8) 

 25-29 345 (86.9) 46 (11.6) 6 (1.5) 

 30+ 369 (87.4) 45 (10.7) 8 (1.9) 

Delivery mode Vaginal 1063 (87.6) 126 (10.4) 24 (2.0) 

 CS 258 (92.5) 15 (5.4) 6 (2.2) 

Hospital Amana 670 (88.6) 73 (9.7) 13 (1.7) 

 Temeke 651 (88.5) 68 (9.2) 17 (2.3) 

Infection No 1202 (88.5) 128 (9.4) 28 (2.1) 

 Yes 119 (88.8) 13 (9.7) 2 (1.5) 

 

Thirteen interviews were recorded to last for over one hour. These outliers were considered 

to be errors and these interview times were dropped from further analysis. The remaining 

1485 interviews were on average six minutes long (range 1-59 minutes) but in cases of 

infection the interviews took longer, lasting on average 11 and a half minutes (range 3-59 

minutes). Adjusted mean interview length fell by one minute 48 seconds between the first 

and second scheduled interviews and decreased throughout the study. One nurse was on 

average over two minutes quicker than the other (Table 6.8). 

Among 429 (29%) interviews that were not conducted at the first call attempt, a friend or 

relative was initially reached in 28% (119) of instances. This fell from 40% (110/274) at the 

day-7 interview to 6% (9/155) at day-28 (Table 6.9). Overall, a call was documented with a 

friend or relative before 8.0% of all interviews.  
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Table 6.8: Factors associated with length of interview (using GEE) 
 

 

Conducted 
interviews 

Mean length of 
interview in 
minutes and 
seconds (95% CI) 

Change in mean 
interview length (95% 
CI), minutes and 
seconds 

Adjusted change in 
mean interview 
length* (95% CI), 
minutes and seconds p-value 

 
Total 1485 

06:06 
(03:49−06:24)    

Interview 
Day Day7 734 

07:23 
(06:52−07:54)    

Day28 751 
04:53 
(04:38−05:09) ⁻02:29 (ˉ03:00−⁻01:57) ⁻01:48 (⁻02:19−⁻01:17) <0.001 

Nurse 
1 868 

07:06 
(06:40−07:31)    

 
2 617 

04:45 
(04:21−05:08) ⁻02:21 (⁻02:55−⁻01:47) ⁻02:21 (⁻02:52−⁻01:50) <0.001 

Registration 
18-31 Mar 350 

08:49 
(00:08−09:39)   <0.001 

 
1-14 Apr 404 

06:20 
(05:48−06:52) ⁻02:29 (⁻03:28−⁻01:30) ⁻02:21 (⁻03:14−⁻01:28)  

 
15-28 Apr 325 

05:01 
(04:35−05:27) ⁻03:49 (⁻04:44−⁻01:13) ⁻03:15 (⁻04:08−⁻02:23)  

 29 Apr-10 
May 406 

04:25 
(04:05−04:45) ⁻04:25 (⁻05:18−⁻03:31) 

⁻04:07 
(⁻04:56−⁻⁻03:18)  

Age of 
woman <25 567 

05:53 
(05:26−06:20)    

 
25-29 395 

06:20 
(05:41−06:58) 00:27 (⁻00:19−01:13)   

 
30+ 421 

06:23 
(05:48−06:59) 00:30 (⁻00:14−01:15)   

 Missing 102     

Delivery 
mode Vaginal 1208 

05:58 
(05:39−06:17)    

 
CS 277 

06:44 
(05:56−07:32) 00:46 (⁻00:05−01:38) 00:41 (00:02−01:24) 0.06 

Hospital 
Amana 752 

06:20 
(05:53−06:47)    

 
Temeke 733 

05:53 
(05:29−06:17) ⁻00:27 (⁻01:03−00:09)   

Infection 
No  

05:35 
(05:18−05:51)    

 
Yes  

11:33 
(10:04−13:02) 05:59 (04:28−07:29) 04:31 (03:16−05:46) <0.001 

*Adjusted for interview day, nurse, registration date, delivery mode and infection 

 

Table 6.9: Percentage contact with friend/relative among interviewed women who were not 

reached at first call attempt 

 

Total 
interviewed 

Not reached at first call 
attempt n (%) 

Spoke to friend/relative 
before reaching woman for 
interview n (%) 

Total 1492 429 (28.8) 119 (27.7) 

Day 7 739 274 (37.1) 110 (40.2) 

Day 28 753 155 (20.6) 9 (5.8) 
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6.3.5 Discussion 

During this three-month study, two nurses made 1,897 attempted telephone calls and 

conducted 1,492 interviews. Scheduled interviews were successfully conducted in 85% of 

instances and there was no evidence that any of the characteristics we measured affected 

this. The nurses became more efficient through the study period, and between the day-7 and 

day-28 interview, reaching a higher proportion of women for interview at the first attempt, 

and taking less time on average to conduct each interview.  

At least one interview was conducted with 90% of women in the study; a successful 

performance compared to an Indian postpartum call-centre (86%)238, post-surgical infection 

surveillance studies in sub-Saharan Africa (79%242 and 87%243) and post-caesarean infection 

surveillance in Baltimore (83%)225. This result was achieved using basic mobile telephones 

and a card-based filing system that could be easily duplicated in settings without consistent 

computer or internet access. Despite this clear potential for telephone contact, it is 

concerning that a global survey of maternal healthcare providers during the COVID-19 

pandemic found only 25% of respondents in LICs were using any form of telemedicine265 

despite evidence of reduced facility attendance for delivery267 and shortened facility stays 

after giving birth265.  

Only 71% of interviews were conducted at the first attempted call, 11% were conducted 

using the second or third telephone number, and an earlier call occurred with a friend or 

relative before 8% of interviews. These findings indicate that our success depended on 

multiple call attempts using more than one telephone number. Nurses’ compliance with the 

call-protocol improved over time, supported by weekly data-sharing and feedback, however 

our success could have been greater if a larger proportion of women received the intended 

four calls. In most cases, when asked, women stated that they missed the day-7 interview 

because their telephone battery was not charged. Providing a specific day and time window 

for the initial call, and/or donating phone credit to call back after a missed call, may increase 

the success of future surveillance programs.  

Retention in the study was maintained at the second (day-28) call which could be related to 

the rapport established during the first interview, satisfaction with the interview process and 

the perceived value of speaking with a nurse. Of note, the chance of successfully contacting 

a woman was not influenced by any other factor including the woman’s age (it was equally 

possible to reach both older and younger women) mode of delivery, or delivery hospital – 

which could reflect different geographical areas and/or economic status. This indicates that 
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telephone surveillance is possible across a diverse population and is likely to generate 

representative data across several important maternal parameters. Further research is 

warranted to assess women’s satisfaction with telephone interviews and explore their 

potential to form part of routine postnatal care. 

Over the study period, the nurses became more efficient at reaching women on the first call 

attempt, which could reflect changes to the call time in response to their experience of when 

women answered, as well as suggesting improved counselling of women at recruitment. At 

day-28 compared to day-7, they reached more women on the first number called, suggesting 

that they followed protocol and confirmed the most appropriate number at day-7. These 

changes may partly explain why friends/relatives were spoken to less frequently at day-28 

compared to day-7.  

The average interview length of six minutes was longer than for telephone surveillance of 

post-caesarean SSI in Baltimore with median interview length of two minutes (range one to 

five minutes)225. This was most likely due to a difference in interview content; we covered 

other infections in addition to SSI and asked about the baby’s health as well as the woman’s. 

However, it may also reflect the women’s desire to talk with a nurse during this period and 

the perceived limited opportunities to access health personnel in this setting.  

Similar to the Baltimore study, the length of interview decreased over time as the nurses 

became more familiar and efficient with the process. Interview length also decreased by a 

substantial amount from day-7 to day-28, independently of other factors including infection, 

and despite additional questions on mood and function in the day-28 interview. This could 

reflect women’s familiarity with the questions, a quicker process due to the rapport already 

established and/or fewer concerns and problems to talk about at this later point in the 

postnatal period.  

Limitations 

Our study was not designed to assess the validity of telephone surveillance methods to 

diagnose postnatal infection. However, other studies in the region have shown high 

specificity of telephone surveillance to diagnose caesarean SSI, and our risk of endometritis 

and possible severe newborn infection was consistent with other studies. Even in the 

absence of further validity studies, telephone methods could be used to screen for postnatal 

conditions including infection, with onward referral for clinical assessment, or to compare 

infection risk between facilities or regions and over time.  
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We recruited women delivered in hospital and excluded those without access to a mobile 

telephone. In Dar es Salaam 94% of women give birth in a health facility and among our initial 

sample of women only 3% did not have access to a telephone, therefore, our results are 

generalisable to the vast majority of the population of the city. However, this method of 

surveillance may be less feasible in rural populations with lower mobile telephone coverage.  

Length of interview is calculated from the start and end time of entries on the tablet which 

may not correlate precisely with the time spent on the telephone. Hence, reductions in 

interview length could partly indicate improved familiarity with the tablet, rather than 

shorter interviews. Nonetheless, the shorter length still demonstrates improved efficiency in 

the surveillance process over time.  

Nurses were expected to complete an ODK form for every call attempt, including those that 

did not result in interview. At the start of the study there was a discrepancy between the 

number of calls documented by the nurses and the number of calls logged on the tablets, 

indicating that this procedure was not always followed. Consistency improved significantly 

over time (data not shown). For our analysis we used the number of calls logged on the 

tablet, which could underestimate the number of call-attempts and the nurses’ compliance 

with the protocol of 4 calls per interview, as well as potentially over-estimate the proportion 

of women reached at the first call.  

Conclusions 

Telephone surveillance proved an effective method to reach women for interview and could 

be useful for conducting routine infection surveillance, and for enhancing postnatal follow-

up and care, in similar settings. Study nurses were able to survey a large number of women, 

and their efficiency improved over time. Our study demonstrates the contribution of using 

multiple telephone numbers, including those of friends/relatives, to enable successful 

contact, and in particular, the importance of calling multiple times over a number of days. It 

is possible that providing a specific day and time for the call, or credit to return a missed call, 

would further increase the proportion of women reached. In the current context of the 

COVID-19 pandemic when physical distancing is encouraged and many women choose not 

to access facility-based care267, telephone calls should be considered as a means to maintain 

contact, encourage women to deliver in a facility and address issues during pregnancy and 

postnatal. 
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Chapter 7: Postnatal infection surveillance by telephone 

in Dar es Salaam, Tanzania. Incidence, risk factors and 

consequences of infection 
 

7.1 Introduction 
The second paper of results from the fieldwork conducted in Dar es Salaam addresses 

questions 5 and 6 of this PhD relating to the incidence of maternal postnatal infection and 

the risk factors and consequences of those infections. 

My contribution to the overall design and implementation of the study has already been 

described. I wrote the analysis strategy and cleaned and analysed the data. I received 

statistical support from Andrea Rehman to conduct multiple imputation.  
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7.3.1 Abstract 

Introduction  

Maternal and newborn infections are important causes of mortality but morbidity data from 

low- and middle-income countries is limited. We used telephone surveillance to estimate 

infection incidence and risk factors in women and newborns following hospital childbirth in 

Dar es Salaam. 

Methods 

We recruited postnatal women from two tertiary hospitals and conducted telephone 

interviews 7 and 28 days after delivery. Maternal infection (endometritis, caesarean or 

perineal wound, or urinary tract infection) and newborn infection (umbilical cord or possible 

severe bacterial infection) were identified using hospital case-notes at the time of birth and 

self-reported symptoms. Adjusted Cox regression models were used to assess the 

association between potential risk-factors and infection. 

Results 

We recruited 879 women and interviewed 791 (90%). From day 0–7, 67 per 1000 (49/791) 

women and 62 per 1000 (51/762) newborns developed infection. Using full follow-up data, 

the infection rate was higher in women with caesarean childbirth versus women with a 

vaginal delivery (aHR 1.93, 95%CI 1.11–3.36). Only 24% of women received pre-operative 

antibiotic prophylaxis before caesarean section. Infection was higher in newborns 

resuscitated at birth versus newborns who were not resuscitated (aHR 4.45, 95%CI 2.10–

9.44). At interview, 66% (37/56) of women and 88% (72/82) of newborns with possible 

infection had sought health-facility care.  

Conclusions 

Telephone surveillance identified a substantial risk of postnatal infection, including cases 

likely to have been missed by hospital-based data-collection alone. Risk of maternal 

endometritis and newborn possible severe bacterial infection were consistent with other 

studies. Caesarean section was the most important risk-factor for maternal infection. 

Improved implementation of pre-operative antibiotic prophylaxis is urgently required to 

mitigate this risk.  
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7.3.2 Introduction 

Preventing maternal and newborn infections is a high priority in the World Health 

Organization’s (WHO) vision of good quality care for pregnant women and newborns1. 

Pregnancy-related sepsis is estimated to cause 11% of maternal mortality7 and infection is 

responsible for 23% of newborn deaths72 with the vast majority in low- and middle-income 

countries (LMICs). Increasing health-facility births in LMICs268 presents an opportunity to 

reduce disease incidence through strengthened infection prevention initiatives.  

Despite the importance of maternal and newborn infection, we have limited knowledge of 

the frequency in high-burden countries. A systematic review of maternal peripartum 

infection included only seven sub-Saharan Africa (SSA) studies (one from Tanzania216) and 

none were considered high quality85. From meta-analysis, the regional estimate for 

endometritis was 17 per 1000 and for wound infection was 34 per 1000. A systematic review 

of possible severe bacterial infection (pSBI) using the Young Infant Clinical Signs Study (YICSS) 

criteria80 estimated 62 per 1000 newborns in SSA were affected (six studies, none from 

Tanzania). The case-fatality risk was 14.1%75.  

The majority of severe maternal infections occur postpartum, arising from the genito-urinary 

tract or wounds5, 43, and presenting after the woman has been discharged home following 

childbirth42. The majority of newborn deaths from infection occur after the first week of life72. 

Community follow-up is therefore necessary to capture all cases of infection. Home visits are 

resource intensive, consequently many studies only report infection up to the time of 

hospital discharge following facility childbirth. Mobile telephone surveillance is a possible 

alternative, with emerging evidence of feasibility and validity to monitor surgical site 

infection (SSI) in SSA243, 264, and postnatal outcomes in India238.  

Responding to the limited data on maternal newborn infection incidence in SSA our 

observational cohort study aimed to estimate the incidence and risk factors for infection in 

women and newborns in the four weeks following hospital childbirth in urban Tanzania, 

using hospital case-notes from the time of birth and telephone surveillance. We also 

assessed the feasibility of mobile telephone assessment for infection, described care-seeking 

behaviour following infection and explored possible consequences of infection; hospital 

readmission, depression and reduced maternal function.  
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7.3.3 Methods 

This study was a collaboration between London School of Hygiene and Tropical Medicine 

(LSHTM) and Ifakara Health Institute (IHI) and based at two of the three public Regional 

Referral Hospitals in Dar es Salaam; Amana (Ilala district) and Temeke (Temeke district). Each 

hospital conducts approximately 1,000 births per month. It was a sub-study of a pilot 

evaluation of training in environmental cleaning269.  

Two research nurses per hospital recruited eligible women from postnatal wards every 

Monday to Thursday. They sampled from all women who gave birth in the previous 24 hours 

using a random number application270 with probability proportional to delivery mode 

(caesarean or vaginal). Eligible women were aged 18 years or older with access to at least 

one mobile telephone and providing signed or witnessed thumbprint consent. Women 

admitted to the intensive care unit were ineligible. Women provided up to three mobile 

telephone numbers; one or two of their own and one for a relative or neighbour. 

Replacements were sampled in the same way when potential participants were unavailable 

or ineligible. 

Two research nurses at IHI offices in Dar es Salaam interviewed each woman twice by 

telephone in Kiswahili, starting seven and 28 days after recruitment. Nurses made four 

telephone call attempts, over seven days, to reach each woman. 

Outcomes and Exposures  

The primary outcomes were 1) possible maternal postnatal infection (one or more of 

caesarean surgical site infection, urinary tract infection, perineal wound infection, or 

endometritis) and 2) possible newborn infection (either of pSBI or umbilical cord infection). 

Each outcome was measured as a rate, and as the day 7 (early infection) and day 8–28 

cumulative risk. Infections were identified from women’s hospital case-notes around the 

time of childbirth or from self-reported symptoms during telephone interview using standard 

definitions80, 92, 259. These definitions were adapted by the first author to include only 

symptoms and signs easily reported by the women (Table 7.1). Secondary outcomes were 

each individual infection listed above, plus mastitis.  
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Table 7.1: Syndromic infection definitions used  

Infection Questions to women Definition Standard 
definition 
adapted 

Caesarean 
Section 
Surgical Site 
Infection (SSI) 

At the site of your caesarean section 
(cut/operation on your abdomen) have 
you experienced: 
I. Pus discharge 
II. Pain 
III. Swelling 
IV. Redness 
V. Wound breakdown (wound edges 
separated)  
Have you experienced: 
VI. Fever 
VII. Abdominal pain 
VIII. Foul-smelling or pus vaginal 
discharge 

Either I. OR, (V. 
AND one or 
more of II-IV.), 
OR two or 
more of VI-VIII 

 

CDCa 

Urinary Tract 
Infection (UTI) 

Have you experienced: 
I. Pain passing urine 
II. Urinary frequency – passing urine 
more often 
III. Urinary urgency – need to pass urine 
quickly/difficulty in holding urine 
IV. Fever 
V. Abdominal pain 

Either (I. and 
II.) OR, three or 
more of I-V. 

SIGNb 

Perineal 
wound 
infection 

At the site of a perineal wound (cut or 
tear in the vagina) have you 
experienced: 
I. Pus discharge 
II. Pain 
III. Swelling 
IV. Wound breakdown (wound edges 
separated)  

Either, I. OR, 
(IV AND one or 
both of II and 
III.) 

 

CDCa 

Endometritis Have you experienced: 
I. Fever 
II. Abdominal pain 
III. Foul-smelling or pus vaginal discharge 

Two or more of 
I-III where II is 
not explained 
by UTI and III is 
not explained 
by perineal 
wound 
infection.  
In women with 
caesarean 
section this 
was counted as 
an organ space 
SSI 

CDCa 
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Mastitis Have you experienced: 
I. Swollen, hard area of the breast  
II. Painful, red breast 
III. Fever 

Either, I. OR, 
both II. and III.  

CDCa 

pSBI Has your baby experienced: 
I. Fever 
II. Very cold (low temperature) 
III. Very fast breathing 
IV. Chest indrawing (sucking in the ribs 
when breathing) 
V. Convulsions/fits 
VI. Poor feeding/not feeding 
VII. Only moving when stimulated 

One or more of 
I-VII. 

YICSSc 

Umbilical cord 
infection 

Has your baby experienced: 
I. Redness around the umbilical cord 
stump 
II. Pus discharge from umbilical cord 
stump 

One or both of 
I. and II. 

CDCa  

a)Centres for Disease Control92 b) Scottish Intercollegiate Guidelines Network259 c)Young 

Infants Clinical Signs Study80 

 

Potential risk factors were extracted from hospital case-notes; maternal age, gestational age, 

parity, HIV, diabetes, hypertensive disorder, haemorrhage, prelabour rupture of membranes 

(PROM), induction of labour, delivery mode, postpartum haemorrhage (PPH) and infection 

during labour. Possible consequences of infection collected during telephone interview were 

self-reported readmission, depression assessed using a validated 5-question modified 

Edinburgh Postnatal Depression Scale (EPDS) and functionality according to five common 

postpartum activities (Appendix F: Questionnaire). 

Data Collection  

Data was entered on tablets with Open Data Kit (ODK), using unique identification (ID) 

numbers to maintain confidentiality. Data was extracted from maternal paper case-notes 

after hospital discharge, including demographics, pregnancy and childbirth history, infection 

diagnosed during admission and antibiotics prescribed (Appendix G: Extraction form). 

Telephone interviews with women consisted of pre-coded closed questions on the history of 

specific symptoms of infection, day of symptom onset, care-seeking behaviour, and 

readmission to hospital. At day-28, women were also asked questions on depression and 

function (Appendix F: Questionnaire). Women with infection symptoms were advised to 

attend a health-facility if they hadn’t already. In cases of maternal depression or neonatal 

death, women were offered referral to social welfare liaison for counselling and support. 
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Research nurses received six days training in recruitment and data collection, including two 

days at the hospitals when they piloted the tools on 24 women. Telephone interview nurses 

additionally conducted pilot interviews with the same 24 women over two days.  

Study size  

With 900 women and an estimated 10% loss to follow-up at day-28, we would have 95% 

confidence to estimate a maternal infection risk of 30 per 1000 + 12 per 1000, with 80% 

power. Our daily recruitment target was 12–20 women per hospital.  

Data management  

Data was cleaned and analysed using STATA 16. Gestational age was grouped as preterm 

(<37 weeks) or term (37–42 weeks). The depression score was grouped as no depression (0–

5) or possible depression (6–30). Maternal function questions were analysed individually as 

“any” or “no difficulty” in performing the function.  

Duplicate ID numbers and data entry errors were corrected where possible using hospital 

case-notes or comparing with other study data. Any remaining discordant data was dropped. 

There was inconsistency in the occurrence of stillbirths between data sources, therefore 

stillbirths were not analysed. Data on twin and triplet newborns was also inconsistent and in 

addition an error in ODK programming meant only data from the first baby was useable.  

Statistical Analysis 

Women’s demographic and pregnancy data was described by delivery mode. Rates of 

infection were calculated from delivery until the day-28 telephone call using reported days 

from delivery to start of symptoms. Symptoms reported at both day-7 and day-28 were 

counted as distinct infection events if they started over 14 days apart, or if they met criteria 

for different infection types and started over seven days apart, or if initial symptoms had 

resolved by the day-7 interview. Date of death and infection data were not collected from 

babies who died before the day-7 interview, therefore these babies were excluded from 

infection outcome analyses. Babies who died after the day-7 interview contributed to 

infection analyses up to day 7. Using Cox regression with robust standard errors to account 

for clustering by person, we explored associations between potential risk factors and the rate 

of maternal postnatal infection or possible newborn infection. Proportional hazards 

assumptions were checked using tests based on Schoenfeld Residuals. Factors showing 

evidence of association in the crude analysis (p<0.1) were explored further in multivariable 

models. Maternal age and delivery hospital were considered a priori confounders for risk of 
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maternal postnatal infection. We restricted the parameters in the final models to 10% of the 

number of outcomes. For missing risk-factor data, we carried out multiple imputation using 

chained equations because most variables were categorical, creating 10 imputed datasets. 

Delivery mode and hospital were included as auxiliary variables. Women whose case-notes 

were missing were excluded from risk-factor analysis.  

We report the highest level of care sought by women and newborns with possible infection 

and the percentage readmission to hospital for those with and without infection. We 

describe maternal depression and function at day-28 and explore associations with early 

postnatal infection using chi-squared tests and logistic regression.  

Ethics 

The study was approved by the Tanzanian National Institute for Medical Research, IHI 

Institutional Research Board and LSHTM Research Ethics Committee. Written informed 

consent was obtained from women on the postnatal wards. Willingness to continue in the 

study was confirmed at the start of each telephone interview. There was no public or patient 

involvement in the study design or interpretation of results. The Soapbox Collaborative 

supported the study following external peer review of the study proposal.  

7.3.4 Results 

Between 15th March and 9th May 2018, research nurses recruited 879 women into the study, 

sampling from a total of 2,110 deliveries (18% caesarean section) (Fig 7.1). We interviewed 

791 (90%) women at least once, providing data until day 7, and 753 (86%) completed the 

day-28 interview. Final interview occurred between 7 and 43 (median 29) days after delivery. 

Most women whose only interview was at day-28, reported that their telephone battery was 

not charged at day-7.
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Figure 7.1: Flow Diagram 
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Case-notes were not located for 39 women. In the remaining 840, missing data was minimal 

except gestational age (39%). Mean age was 25 (range 18–45) years. Fewer than 3% of 

women were referred-in. Induction and augmentation of labour, including artificial rupture 

of membranes, were uncommon (each <3%) but occurred more frequently at Amana 

Hospital than Temeke Hospital (Additional Table 7.1). Among vaginal births (n=692), seven 

were breech and three were by vacuum extraction. Vaginal tears were experienced after 

36% of vaginal deliveries and episiotomy was rare (Table 7.2). Among 829 liveborn babies, 

bag-and-mask resuscitation and admission were more common both following caesarean 

section and at Amana Hospital (Additional Table 7.1). Average length of stay after delivery 

was 0.8 days following vaginal delivery (range 0-8) and 2.4 days post-caesarean section 

(range 0-7). 

Antenatally, 7.4% of women received antibiotics, primarily for prophylaxis before caesarean 

section or following PROM. Postnatally, 62% of all women were prescribed antibiotics: 94% 

of women undergoing caesarean section and 98% of all women giving birth at Amana 

hospital were prescribed antibiotics (Table 7.3).  

Infection risk and rate 

No postnatal maternal infections were documented in hospital case-notes at the time of 

birth and there were no maternal deaths. Among all 791 women with at least one telephone 

interview, 47 (59 per 1000) reported possible postnatal infection starting day 0–7. Symptoms 

of UTI affected 22 (28 per 1000) women and symptoms of endometritis affected 12 (15 per 

1000). Among 146 women with caesarean section, 15 (103 per 1000) reported possible 

postnatal infection of whom 12 (82 per 1000) had symptoms of SSI (Table 7.4). From day 8–

28, 9/753 (12 per 1000) developed possible postnatal infection. The rate of possible infection 

was 79.4 (95% CI 61.1–103.2) per 1000 women per month.  
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Table 7.2: Demographic, pregnancy and newborn factors by mode of delivery for 840 

women and 829 liveborn babies with maternal hospital case-notes  

 
Vaginal Delivery n 
(%) (N=692) 

Caesarean Section 
n (%) (N=148) 

Total 
N (%) (N=840) 

Maternal age in years    

18-24 288 (41.6) 50 (33.8) 338 (40.2) 

25-29 193 (27.9) 42 (28.4) 235 (28.0) 

30+ 197 (28.5) 52 (36.1) 249 (29.6) 

Missing 14 (2.0) 4 (2.7) 18 (2.1) 

Parity     

Nulliparous 234 (33.8) 52 (35.1) 286 (34.1) 

1 205 (29.6) 50 (33.8) 255 (30.4) 

2 125 (18.1) 23 (15.5) 148 (17.6) 

3+ 106 (15.3) 19 (12.8) 125 (14.9) 

Missing 22 (3.2) 4 (2.7) 26 (3.1) 

Preterm birth (<37 weeks 
gestation) 

59 (8.5) 22 (14.9) 81 (9.6) 

Missing 287 (41.5) 42 (28.4) 329 (39.2) 

Hypertensive disordersa 18 (2.6) 16 (10.8) 34 (4.1) 

Missing 4 (0.6) 2 (1.4) 6 (0.7) 

HIV 29 (4.2) 8 (5.4) 37 (4.4) 

Missing/not available 14 (2.0) 1 (0.7) 15 (1.8) 

PROM 25 (3.6) 4 (2.7) 29 (3.5) 

Missing 2 (0.3) 1 (0.7) 3 (0.4) 

Episiotomy 10 (1.5) NA 10 (1.2) 

Missing 14 (2.0) NA 14 (1.7) 

Perineal tear 250 (36.1) NA 250 (29.8) 

Missing 3 (0.4) NA 3 (0.4) 

PPH 7 (1.0) 2 (1.4) 9 (1.1) 

Missing 2 (0.3) 0 2 (0.2) 

Antibiotics in labour 26 (3.8) 36 (24.3) 62 (7.4) 

Missing 5 (0.7) 1 (0.7) 6 (0.7) 

Antibiotics postpartum 382 (55.2) 139 (93.9) 521 (62.0) 

Missing 5 (0.7) 3 (2.0) 8 (1.0) 

Newborn Factors Vaginal (N=681) CS (N=148) Total (N=829) 

Apgar Score at 5 minutes <7 5 (0.7) 5 (3.4) 10 (1.2) 

Missing 2 (0.3 1. (0.7) 3 (0.4) 

Bag and mask resuscitation 9 (1.3) 8 (5.4) 17 (2.1) 

Missing 2 (0.3) 2 (1.4) 4 (0.5) 

Admission 10 (1.5) 12 (8.1) 22 (2.7) 

Missing 0 2 (1.4) 2 (0.2) 
aHypertensive disorders: 2 eclampsia, 19 pre-eclampsia, 17 pregnancy-induced hypertension 
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Table 7.3: Reason for antibiotics prescribed to women in hospital during labour and 

postpartum by delivery mode 

 Vaginal Delivery 
n (%) 

Caesarean Section n 
(%) 

Total  

Antibiotics in labour N=26 N=36 N=62 

Caesarean section prophylaxis  0 34 (94.4) 34 (54.8) 

PROM  14 (53.9) 2 (5.6) 16 (25.8) 

UTI 1 (3.9) 0 1 (1.6) 

Other* 8 (30.8) 0 8 (12.9) 

Unknown 3 (11.5) 0 3 (4.8) 

    

Antibiotics postpartum N=382 N=139 N=521 

Caesarean section prophylaxis 0 131 (94.2) 131 (25.1) 

PROM 2 (0.5) 0 2 (0.4) 

Perineal suture 172 (45.0) 0 172 (33.1) 

UTI 1 (0.3) 0 1 (0.2) 

Routine 190 (49.7) 0 190 (36.5) 

IUD 4 (1.1) 0 4 (0.8) 

Unknown/not recorded 13 (3.4) 8 (5.8) 21 (4.0) 

*Other reasons: Foetal distress 2, Meconium-stained liquor 4, Prolonged labour 1, Post-term and breech 1 

 

Table 7.4: Maternal and newborn infections occurring up to 7 days after delivery 

Maternal infection 
Vaginal delivery n 
(per 1000) N=645 

Caesarean section 
n (per 1000)  
N=146 

Total  
N (per 
1000) 
N=791 

Postnatal infection 32 (50) 15 (103) 47 (59) 

Endometritis 12 (19) NA 12 (15) 

SSI NA 12 (82) 12 (15) 

Perineal wound infection 7 (11) 0 7 (9) 

UTI 15 (23) 7 (48) 22 (28) 

Mastitis 13 (20) 3 (21) 16 (20) 

Newborn infection N=621 N=141 N=762 

Possible newborn infection 40 (64) 11 (78) 51 (67) 

pSBI 36 (58) 11 (78) 47 (62) 

Umbilical cord infection 5 (8) 0 5 (07) 
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Before the first interview, 28 (3.5%) babies were stillborn or died and one was missing 

infection data. Of the remaining 762 babies, 51 (67 per 1000) developed possible newborn 

infection from day 0–7, almost entirely attributable to pSBI (47, 62 per 1000) (Table 4). From 

day 8–28, another six babies died, and 30/719 (43 per 1000) babies developed possible 

infection, one of whom had two episodes of infection. The rate of possible infection was 

121.1 (95% CI 97.5–150.3) per 1000 babies per month. Three of these babies were diagnosed 

with sepsis in the maternal case-notes. For two of these three cases, no infection symptoms 

were reported by the mother at telephone interview.  

Women sought care in a health facility following 37/56 (66%) episodes of possible postnatal 

infection: 24 (43%) at their delivery hospital, 8 (14%) at another hospital, and 5 (9%) at a 

lower level health facility. Babies were taken to a health facility following 72/82 (88%) 

episodes of possible infection: 38 (46%) to the delivery hospital, 25 (30%) to another hospital, 

and 9 (11%) to a lower level health facility.  

Associations with infection 

There was evidence that caesarean delivery doubled the rate of possible maternal postnatal 

infection compared to women who had a vaginal delivery, and this association remained 

after adjusting for maternal age and hospital (adjusted Hazard Ratio (aHR) 1.93, 95% CI 1.11–

3.36, p=0.02). There was also weak evidence of an association between women’s age-group 

and infection (p=0.06) with the highest infection rates occurring in women aged 25–29. 

(Table 7.5).  
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Table 7.5: Association between potential risk-factors and rate of possible maternal 

postnatal infection  

aValues imputed for variables with missing data, except for Preterm birth where the amount of missing data was 

considered too large to impute 

Results shown if >2 infections in a single category. Full results in Additional Table 7.2 

 

  

Factor 
Total 
women 

Episodes 
of 
postnatal 
infection 

Person-
time 
(months) 

Rate of 
infection 
per 1000 
person 
months 

Crude HR 
(95% CI) 
N=754a 

Wald  
p-value 

Adjusted 
HR (95% CI) 
N=754 a 

Wald  
p-value 

All women 791 56 705.3 
79.4 (61.1-
103.2) 

    

Delivery mode         

Vaginal 645 39 578.1 67.5 1 0.02 1 0.02 

Caesarean 
section 

146 17 127.3 133.6 
1.95 (1.12-
3.37) 

 1.93 (1.11-
3.36) 

 

Maternal age (years)         

18-24 303 15 167.9 56.0 1 0.05 1 0.06 

25-29 212 23 186.0 123.6 
2.20 (1.15-
4.28) 

 2.14 (1.12-
4.09) 

 

30+ 223 16 204.3 78.3 
1.43 (0.72-
2.84) 

 1.37 (0.69-
2.70) 

 

Hospital         

Amana 403 28 362.0 77.4 1 0.87 1 0.98 

Temeke 388 28 343.4 81.5 
1.04 (0.62-
1.75) 

 1.01 (0.60-
1.70) 

 

Parity         

0 252 15 224.8 66.7 1 0.81   

1 233 19 206.9 91.8 
1.33 (0.69-
2.56) 

   

2 131 11 115.0 95.7 
1.37 (0.65-
2.89) 

   

3+ 113 8 103.6 77.2 
1.16 (0.48-
2.81) 

   

Preterm birth (<37 
weeks) 

        

No 392 30 346.5 86.6 1 0.89   

Yes 69 5 62.5 80.1 
0.94 (0.37-
2.35) 

   

Antibiotics in labour         

No 697 48 622.6 77.1 1 0.17   

Yes 51 6 43.7 137.3 
1.75 (0.78-
3.91) 

   

Postpartum 
antibiotics 

        

No 277 18 246.4 73.0 1 0.49   

Yes 469 37 417.9 88.5 
1.22 (0.69-
2.16) 
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Bag-and-mask resuscitation at birth was strongly associated with possible newborn infection 

compared to babies who were not resuscitated (aHR 4.45, 95% CI 2.10–9.44, p<0.001), 

however this was a rare exposure (n=11 babies). There was weak evidence for increased 

possible newborn infection if the mother received antibiotics in labour compared to mothers 

who did not (Table 7.6). 

In the first seven days postnatal 7/762 mother-baby pairs both experienced possible 

infection. Mothers with postnatal infection in the first 7 days had an increased risk of their 

baby suffering possible newborn infection during this time period, compared to mothers 

without infection (crude Odds Ratio 2.74, 95%CI 1.16–6.48, p=0.02).  

Consequences of infection 

At the day-7 interview, 5/43 (12%) women with possible postnatal infection reported they 

had been readmitted to hospital as compared with only 5/696 (0.7%) women without 

infection. All women readmitted with infection had given birth by caesarean section. Among 

713 babies alive at the day-7 interview, 44% with possible infection had been readmitted to 

hospital compared with 1.8% of those without. 

Depression scores ranged from 0–10/30 among 753 women at day-28 interview and 31 (4%) 

had possible depression (score >=6). Among 43 women with early postnatal infection (day 

0–7), 4 (9.3%) developed possible depression versus 27 (3.8%) of those without infection (OR 

2.1, 95% CI 0.64–6.89, p=0.22, adjusting for death of the baby).  

At day-28 interview, 103/752 (13.7%) women reported difficulty with housework and 8/751 

(1.1%) reported difficulty washing themselves. Among women with a living baby, 43/718 

(6.0%) reported difficulty carrying or caring for their baby and 99.7% were exclusively 

breastfeeding. Difficulty with each activity was reported more frequently among women 

with possible early postnatal infection compared to those without infection, but statistical 

evidence was inconsistent. (Table 7.7).  
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Table 7.6: Association between potential risk factors and rate of possible newborn infection 

Factor 
Total 
newborns 

Episodes 
of 
possible 
infection 

Person-
time 
(months) 

Rate of 
infection per 
1000 person 
months 

Crude HR  
(95% CI) 
N=725a 

Wald  
p-value 

Adjusted 
HR (95% CI) 
N=725 a 

Wald  
p-value 

All babies 762 82 677.4 
121.1 (97.5-
150.3) 

    

Resuscitation (bag 
and mask) 

        

No 709 75 629.9 119.1 1 <0.001 1 <0.001 

Yes 11 5 8.7 574.3 
4.61 (2.35-
9.04) 

 
4.45 (2.10-
9.44) 

 

Antibiotics in labour         

No 674 69 598.5 115.3 1 0.01 1 0.08 

Yes 47 10 39.9 250.9 
2.15 (1.18-
3.91) 

 2.00 (0.93-
4.30) 

 

Delivery mode         

Vaginal 621 64 552.2 115.9 1 0.35 1 0.95 

Caesarean 
section 

141 18 125.1 143.8 
1.24 (0.74-
2.09) 

 1.02 (0.55-
1.91) 

 

PROM         

No 698 75 617.7 121.4 1 0.37 1 0.76 

Yes 24 4 22.1 180.6 
1.53 (0.61-
3.84) 

 1.16 (0.45-
2.99) 

 

Maternal age 
(years)  

        

18-24 291 29 256.9 112.9 1 0.51   

25-29 203 27 280.4 149.6 
1.34 (0.79-
2.28) 

   

30+ 216 22 193.0 114.0 
1.05 (0.60-
1.84) 

   

Hospital         

Amana 388 41 347.1 118.1 1 0.94   

Temeke 374 41 330.3 124.1 
1.04 (0.67-
1.61) 

   

Preterm (<37 weeks 
gestation) 

        

No 376 38 330.6 114.9 1 0.65   

Yes 67 8 59.5 134.5 
1.18 (0.57-
2.44) 

   

Postpartum 
antibiotics 

        

No 266 21 236.8 88.7 1 0.07   

Yes 452 58 399.5 145.2 
1.59 (0.96-
2.62) 

   

aValues imputed for variables with missing data, except for Preterm birth where the amount of missing data was 

considered too large to impute 

Results not shown if <3 infections in a single category. Full results in Additional Table 7.3 
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Table 7.7: Associations between early maternal postnatal infection (day 0-7) and maternal 

function at day 28 

 

Difficulty washing 
n/N (%) 

Difficulty with 
housework 
n/N (%) 

Difficulty carrying 
baby 
n/N (%) 

Difficulty caring 
for baby 
n/N (%) 

Postnatal infection     

No 6/709 (0.9) 94/709 (13.3) 39/679 (5.7) 38/679 (5.6) 

Yes 2/42 (4.8) 9/43 (20.9) 4/39 (10.3) 5/39 (12.8) 

Chi2 p-value 0.02 0.16 0.25 0.06 

 

7.3.5 Discussion 

We conducted telephone interviews with 791 women at seven and/or 28 days after hospital 

childbirth in Dar es Salaam, Tanzania. We estimated a rate of 79.4 possible maternal and 

121.1 possible newborn infections per 1000 person-months. Women with caesarean birth 

had twice the rate of infection.  Newborns resuscitated at birth had over four times the rate 

of infection. Women and newborns with possible infection had substantially higher 

readmission rates compared with those without infection, and there was a trend towards 

increased depression risk following early infection. Telephone surveillance proved feasible: 

97% of the initial sample had access to a mobile telephone and 90% of all recruited women 

were interviewed at least once.  

Global incidence of pregnancy-related infection estimated by the Global Burden of Disease 

study 2017 equates to 82 per 1000 livebirths19, and the recent Global Maternal Sepsis Study 

(GLOSS) reports prevalence of infection in hospitalised pregnant and postpartum women of 

70.4 per 1000 livebirths5; however, their broader case definitions prevent direct comparison 

with our study. Our incidence of endometritis at day-7 (15 per 1000) is consistent with the 

17 per 1000 (95% CI 14–21 per 1000) estimate for SSA from a recent meta-analysis85. 

However, we observed a caesarean surgical site infection risk of 82 per 1000, which is lower 

than the 156 per 1000 estimate from a systematic review for SSA161. Our incidence of pSBI 

(62 per 1000) was the same as the estimate for SSA from a meta-analysis of studies in which 

health or community workers applied YICSS criteria22.  

Caesarean section is an established risk factor for maternal infection and sepsis4, 5, 43 and in 

our study carried a higher risk of both SSI and UTI than vaginal birth. Increasing rates of 

caesarean childbirth and evidence of antimicrobial resistance (AMR) in subsequent 

infections60 demand enhanced infection prevention measures. Pre-operative prophylactic 

antibiotics are effective271 and recommended in Tanzania272, but were documented before 

only 24% of caesarean sections. Newborn infection could result from pathogens introduced 
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during resuscitation, explaining the strong association seen. Additionally, sick newborns 

requiring ventilation are at increased risk of infection, supporting calls to improve both 

intrapartum care and postnatal infection prevention273.  

Expected associations between prematurity, PROM, PPH, HIV, and either maternal or 

newborn infection were not evident, but these factors were reported less frequently than 

expected. Induction and augmentation of labour were similarly infrequent. This could reflect 

poor documentation at the hospitals or difficulties in extraction. Postpartum antibiotics were 

not associated with reduced infection incidence, providing no justification for universal 

prescribing observed at one study hospital. This practice is not recommended nationally or 

internationally39, could be a driver of AMR and needs to be challenged. There was some 

evidence of a crude association between maternal and newborn infection, also found in a 

systematic review of maternal infection in labour16, suggesting a shared aetiology for some 

infections and highlighting the importance of caring for the woman and newborn 

synergistically.  

Depression prevalence (4.1%) was lower than other LMIC studies that also used EPDS at 4–8 

weeks postnatal. However, these studies showed considerable heterogeneity (range 4.9–

50.8%)274. Telephone follow-up could provide a valuable tool to screen for postnatal 

depression and warrants further validation. We did not power our study to assess 

associations between maternal infection and depression or functioning, but our results 

suggest a trend in that direction, compatible with previous studies of maternal morbidity274-

277. 

In our study, 66% of women and 88% of newborns with possible infection had sought health-

facility care when interviewed, revealing the important proportion of cases that would be 

missed by a purely hospital based study. Telephone diagnosis of caesarean site infection 

achieved high specificity in Kenya and Tanzania243, 264. Telephone surveillance detected more 

cases of SSI than using patient case-notes or written surveys in high-income settings225, 278. 

Mobile telephone access was high in our study sample (97%), and we reached a high 

proportion of recruited women (90%), supporting the feasibility of telephone surveillance in 

comparable LMIC settings.  

Strengths and limitations 

Our study benefited from collecting data on specific components of standard infection 

definitions during the interview that were used in diagnosis algorithms, rather than relying 
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on women’s or data collectors’ judgement. We collected data with a short recall period, 

reducing potential bias, and used symptom start dates to show infection distribution over 

time and estimate incidence rate. Although we recruited from two tertiary hospitals, we 

expect the population to be broadly representative of Dar es Salaam region where 94% of 

women are estimated to give birth in a facility and 17% by caesarean, similar to our study 

population.  

The main limitation of this study is the unknown validity of the questionnaire to identify true 

cases of infection. We believe that the substantially increased rates of hospital readmission 

amongst women and newborns with telephone-based diagnosis of infections provide strong 

post-hoc support for the validity of our approach. Incidence of endometritis and pSBI and 

the association with caesarean childbirth are all closely consistent with other studies, lending 

further support to the results. However, we identified fewer cases of SSI than other studies, 

and we had two cases of neonatal sepsis extracted from hospital case-notes that were not 

subsequently reported at maternal interview. In addition, newborn deaths from infection 

were not captured, therefore true infection incidence may be higher than estimated.  

Furthermore, hospital case-notes were not located for 39 women, in some cases following 

admission of the baby, potentially reducing estimated infection incidence. It is possible that 

women who were unwell, or caring for a sick baby, were less likely to answer their 

telephones, also leading to an under-estimate of infection incidence. However, the use of a 

second telephone number belonging to a friend/relative, the repeated call attempts over 

seven days and the second interview at day-28 reduce this risk.  

Conclusion 

Our telephone surveillance study found a substantial and plausible rate of possible infection 

among mothers and newborns in urban Tanzania in the first month postnatal. Telephone 

interviews were feasible and identified cases that could be missed by hospital data collection 

alone. Results were consistent with previous studies, although further validation studies are 

needed. Therefore, this method of data collection shows promise for further use, both as a 

research tool and for routine medical practice. This could be of particular benefit during the 

current COVID pandemic, with concerns about reduced hospital attendance and the 

encouragement to work remotely. WHO does not recommend the use of routine postpartum 

antibiotics. Their use in this context showed no benefit and should be challenged. However, 

better implementation of pre-operative antibiotic prophylaxis for caesarean section is 

urgently required to mitigate the infection risk in mothers.  



180 

 

Acknowledgements 

With thanks to the four research nurses who recruited women to the study and extracted 

their hospital data; all members of the CLEAN study team at IHI and LSHTM for providing 

logistical support; the hospital management and medical and nursing staff in the maternity 

units at Amana and Temeke hospitals for agreeing to the study, providing space to recruit 

women and giving access to hospital case-notes; and most of all the women who 

participated. 

  



181 

 

7.3.6 Additional Tables of Results 
Additional Table 7.1: Demographic, pregnancy and newborn factors by delivery hospital 

for 840 women and 829 liveborn babies with hospital record data by study hospital 

 
Amana n (%) 
(N=425) 

Temeke n (%) 
(N=394)  

Total n (%) 
(N=840) 

Median maternal age in years (IQR) 25 (22-30) 26 (23-31) 25 (22-30) 

Age grouped (years)    

18-24 184 (42.7) 154 (37.7) 338 (40.2) 

25-29 121 (28.1) 114 (27.9) 235 (28.0) 

30+ 123 (28.5) 126 (30.8) 249 (29.6) 

Missing 3 (0.7) 15 (3.7) 18 (2.1) 

Parity grouped    

0 161 (37.4) 125 (30.6) 286 (34.1) 

1 133 (30.9) 122 (29.8) 255 (30.4) 

2 61 (14.2) 87 (21.3) 148 (17.6) 

3+ 67 (15.6) 58 (14.2) 125 (14.9) 

Missing 9 (2.1) 17 (4.2) 26 (3.1) 

Preterm birth (<37 weeks gestation) 37 (8.6) 44 (10.8) 81 (9.6) 

Missing 184 (42.7) 145 (35.5) 329 (39.2) 

Referred in 17 (3.9) 5 (1.2) 22 (2.6) 

Missing 1 (0.2) 0 1 (0.1) 

Diabetes/GDM 0 2 (0.5) 2 (0.2) 

Missing 0 1 (0.2) 1 (0.1) 

Hypertensive disorders 17 (3.9) 17 (4.2) 34 (4.1) 

Missing 1 (0.2) 5 (1.2) 6 (0.7) 

HIV 22 (5.1) 15 (3.7) 37 (4.4) 

Missing/not available 8 (1.9) 7 (1.7) 15 (1.8) 

PROM 18 (4.2) 11 (2.7) 29 (3.5) 

Missing 1 (0.2) 2 (0.5) 3 (0.4) 

Induction of labour 18 (4.2) 2 (0.5) 20 (2.4) 

Missing 1 (0.2) 1 (0.2) 2 (0.2) 

Artificial rupture of membranes 12 (2.8) 2 (0.5) 14 (1.7) 

Missing 0 2 (0.5) 2 (0.2) 

Augmentation of labour 22 (5.1) 2 (0.5) 24 (2.9) 

Missing 0 3 (0.7) 3 (0.4) 

Episiotomy 2 (0.5) 8 (2.0) 10 (1.2) 

Missing 11 (2.6) 3 (0.7) 14 (1.7) 

Perineal tear 168 (39.0) 82 (20.1) 250 (29.8) 

Missing 1 (0.2) 2 (0.5) 3 (0.4) 

Perineal suture (N=260 women with perineal trauma) 166/170 (97.7) 88/90 (97.8) 254 (97.7) 

Missing 0 1 (1.1) 1 (0.4) 

PPH 2 (0.5) 7 (1.7) 9 (1.1) 

Missing 1 (0.2) 1 (0.2) 2 (0.2) 

Antibiotics in labour 53 (12.3) 9 (2.2) 62 (7.4) 
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Missing 3 (0.7) 3 (0.7) 6 (0.7) 

Antibiotics postpartum 425 (98.6) 96 (23.5) 521 (62.0) 

Missing 1 (0.2) 7 (1.7) 8 (1.0) 

Newborn Factors   Total (N=829) 

Apgar Score at 5 minutes <7 5 (1.20) 5 (1.2) 10 (1.2) 

Missing 2 (0.5) 1 (0.2) 3 (0.4) 

Bag and mask 12 (2.9) 5 (1.2) 17 (2.1) 

Missing 0 4 (1.1) 4 (0.5) 

Admission 21 (5.0) 1 (0.2) 22 (2.7) 

Missing 0 2 (0.5) 2 (0.2) 
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Additional Table 7.2: Associations between potential risk factors and possible maternal 

postnatal infection 

Factor 
Total 
women 

Episodes of 
postnatal 
infection  

Person-
time 
(months) 

Rate of infection 
per 1000 person 
months 

Crude Rate ratio 
(95% CI) 
N=754a  

Wald  
p-value 

All women 791 56 705.3 79.4 (61.1-103.2)    

Delivery mode       

Vaginal 645 39 578.1 67.5 1 0.02 

Caesarean 
section 

146 17 127.3 133.6 1.95 (1.12-3.37)  

Maternal age (years)       

18-24 303 15 167.9 56.0 1 0.05 

25-29 212 23 186.0 123.6 2.20 (1.15-4.28)  

30+ 223 16 204.3 78.3 1.43 (0.72-2.84)  

Hospital       

Amana 403 28 362.0 77.4 1 0.87 

Temeke 388 28 343.4 81.5 1.04 (0.62-1.75)  

Parity       

0 252 15 224.8 66.7 1 0.81 

1 233 19 206.9 91.8 1.33 (0.69-2.56)  

2 131 11 115.0 95.7 1.37 (0.65-2.89)  

3+ 113 8 103.6 77.2 1.16 (0.48-2.81)  

Preterm birth (<37 weeks)       

No 392 30 346.5 86.6 1 0.89 

Yes 69 5 62.5 80.1 0.94 (0.37-2.35)  

HIV infection       

No 705 53 630.0 84.1 1 0.38 

Yes 34 1 28.2 35.4 0.41 (0.06-2.91)  

Hypertensive disorders       

No 721 52 642.8 80.9 1 0.96 

Yes 28 2 24.5 81.5 0.96 (0.25-3.75)  

PROM       

No 727 55 648.5 84.8   

Yes 24 0 21.6 0.00   

ARM       

No 738 55 657.6 83.6   

Yes 14 0 13.3 0.00   

PPH       

No 746 53 665.2 79.7 1 0.44 

Yes 7 1 6.0 166.3 2.10 (0.33-13.49)  

Antibiotics in labour       

No 697 48 622.6 77.1 1 0.17 

Yes 51 6 43.7 137.3 1.75 (0.78-3.91)  
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Postpartum antibiotics       

No 277 18 246.4 73.0 1 0.49 

Yes 469 37 417.9 88.5 1.22 (0.69-2.16)  

aValues imputed for variables with missing data except for preterm birth where a large amount of data was 

missing.  

 

Additional Table 7.3: Associations between potential risk factors and possible newborn 

infection 

Factor 
Total 
newborns 

Episodes 
of 
possible 
infection 

Person-
time 
(months) 

Rate of 
infection per 
1000 person 
months 

Crude rate ratio 
(95% CI) 
N=725a 

Wald  
p-value 

All babies 762 82 677.4 
121.1 (97.5-
150.3) 

  

Resuscitation (bag 
and mask) 

      

No 709 75 629.9 119.1 1 <0.001 

Yes 11 5 8.7 574.3 4.61 (2.35-9.04)  

Antibiotics in labour       

No 674 69 598.5 115.3 1 0.01 

Yes 47 10 39.9 250.9 2.15 (1.18-3.91)  

Delivery mode       

Vaginal 621 64 552.2 115.9 1 0.35 

Caesarean 
section 

141 18 125.1 143.8 1.24 (0.74-2.09)  

PROM       

No 698 75 617.7 121.4 1 0.37 

Yes 24 4 22.1 180.6 1.53 (0.61-3.84)  

Maternal age (years)        

18-24 291 29 256.9 112.9 1 0.51 

25-29 203 27 280.4 149.6 1.34 (0.79-2.28)  

30+ 216 22 193.0 114.0 1.05 (0.60-1.84)  

Hospital       

Amana 388 41 347.1 118.1 1 0.94 

Temeke 374 41 330.3 124.1 1.04 (0.67-1.61)  

Preterm (<37 weeks 
gestation) 

      

No 376 38 330.6 114.9 1 0.65 

Yes 67 8 59.5 134.5 1.18 (0.57-2.44)  

Postpartum 
antibiotics 

      

No 266 21 236.8 88.7 1 0.07 

Yes 452 58 399.5 145.2 1.59 (0.96-2.62)  

HIV infection       

No 677 78 602.8 129.4 1 0.41 

Yes 33 2 26.0 77.1 0.56 (0.14-2.20)  
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Hypertensive 
disorders 

      

No 696 77 617.3 124.7 1 0.68 

Yes 24 2 21.0 95.1 0.75 (0.19-2.94)  

Artificial rupture of 
membranes 

      

No 709 80 628.2 127.4   

Yes 14 0 12.6 0   

Postpartum 
haemorrhage 

      

No 717 78 635.9 122.7 1 0.82 

Yes 7 1 6.7 149.2 1.24 (0.20-7.76)  
avalues imputed for variables with missing data except for preterm birth which had a large amount of missing 

data 
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Chapter 8: Discussion 
 

8.1 Key Findings  
The aim of this thesis was to enhance understanding of the measurement and incidence of 

maternal peripartum infection. Incidence is the risk or rate of new cases occurring in a 

population, free of disease at the start of study, over a period of time. As stated at the 

beginning of this thesis, measurement of maternal peripartum infection incidence therefore 

requires a clear definition for peripartum infection, a defined population at risk i.e. all women 

giving birth, free of the infection at the start of labour, plus the ability to follow women and 

identify all cases until the end of the risk period, in this case 42 days postpartum.  

My systematic review of studies measuring maternal peripartum infection and constituent 

components, highlighted challenges in all aspects of measurement. No studies set out to 

measure maternal peripartum infection, as defined by WHO. Few studies used a standard 

definition, and many did not follow women after their delivery admission.  

Applying learning from the existing literature, I designed a study to measure peripartum 

infection in Tanzania. I demonstrate that standard definitions of constituent infections of 

maternal peripartum infection can be adapted for use in this population, and that postnatal 

follow-up is feasible using telephone interviews. Both the systematic review, and my 

Tanzanian study, reveal the ongoing importance of maternal peripartum infection as a 

complication. 

8.2 Measurement of infection 

8.2.1 Population 

In the systematic review, we excluded 103 (7%) of 1432 articles because they lacked a 

suitable study population or appropriate denominator. Some of these studies presented 

infection as a proportion of all complications, rather than a proportion of women giving birth. 

Others presented infection as a ratio of livebirths, an approach that was also taken by the 

GLOSS study, published after the systematic review5. Logistically, there are advantages to 

this method, because large numbers of cases can be identified without the expense of 

recruiting and retaining a study cohort. However, it carries the risk of selection bias because 

it is not possible to guarantee that the population producing cases of infection is exactly the 

same as that of livebirths (e.g. women delivering at home may be missed in the denominator 

of hospital livebirths but still be counted as a case if they present to hospital with infection). 
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Selection bias was also possible in 31% of studies included in the review because they used 

poor or unclear strategies for sampling their population.  

In my Tanzanian surveillance study, I attempted to reduce selection bias by randomly 

sampling from a population of women giving birth in two hospitals in Dar es Salam, and 

identifying infections within this cohort over time. Childbirth is a time when most women 

are in contact with health services and therefore easy to sample and recruit, as well as being 

a fixed point in the pregnancy continuum from which to start follow-up.   

Generalizability can be affected by using facility-based rather that population-based 

identification of peripartum women, or by selecting a small number of facilities.  In Dar es 

Salaam, 94% of women deliver in facilities, enhancing generalizability; however, the 2 

hospitals may not reflect all facilities in the city. 

8.2.2 Infection definition 

As described in Chapter 1, there is no consensus on what comprises maternal infection, or 

how to define it. Global studies vary in the constituent infections measured, and often lack 

detailed criteria for these constituents, leading to estimates of frequency for broad groups 

of infection that are incomparable between studies, or over time. This thesis set out to 

measure maternal peripartum infections, but the systematic review did not identify a single 

study that precisely met that definition, or that measured all the constituent infections so 

that these could be combined. In addition, only 41% of studies used a standard definition for 

infection, leading to a risk of information bias. A substantial proportion of studies, accounting 

for half of endometritis and wound infection estimates, provided no clear definition at all. 

Sepsis estimates had the least risk of misclassification, with over half (and four out of five 

estimates of severe sepsis) meeting a standard definition. Studies using a broader or 

narrower definition of sepsis reported, on average, a higher or lower risk of disease 

respectively, demonstrating the importance of using a standard definition to avoid over- or 

under-estimating disease incidence.  

One positive response to this measurement challenge was the development of the new 

definition of maternal sepsis27. This sets up a standard for measuring severe disease with 

organ dysfunction, although the criteria are not yet established. However, it does not provide 

a way forward for less severe infection.  

In my Tanzanian study, I attempted to address the issue of studies measuring different, broad 

groups of infection by measuring the constituent infections before combining them as a 
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group. To reduce misclassification, I used definitions provided by CDC as my standard, 

adapting them to my study setting, and providing details of the adaptation process and the 

final criteria used.  

8.2.3 Data collection and postnatal follow-up 

In the review of methods presented in Chapter 3, half of studies only measured infection 

during the hospital admission for delivery, potentially leading to a large under-estimate of 

risk but failing to follow-up after discharge. In my study in Tanzania, only one case of 

maternal infection (UTI) was extracted from hospital records during the delivery admission, 

and therefore almost all infection (55 further cases) would have been missed without the 

further postnatal follow-up. In addition, as length of routine admission varies between 

countries279, and discharge will be delayed for women with complications, this approach 

both affects generalisability and leads to selection bias. Postnatal follow-up, when it 

occurred, continued for different time periods (from 5-42 days), and used a variety of 

methods.  

Hospital re-admission records were the most frequent source of postnatal data in studies of 

sepsis. This has logistical advantages over community-based methods and ensures a clinical 

diagnosis of infection. It is a reasonable approach for a severe condition requiring hospital 

care, especially in studies drawing on a representative sample of US hospital records, or in 

settings with universal access to health services. However, studies of re-admission are 

problematic for: milder disease, where there is the risk of cases being missed due to poor 

record-keeping (in smaller studies and in some low-resource settings), or if women are 

admitted to a non-obstetric ward, attend a different facility or fail to attend at all, or die at 

home before seeking care. The paucity of infection cases extracted from hospital records in 

my Tanzanian study may be partly a result of poor record-keeping. 

Methods for postnatal follow-up, reviewed in Chapter 4, included passive surveillance via 

multiple, linked routine data sources. This showed potential to provide comprehensive and 

sustainable information in HICs, but it is less viable for many LMICs because of their weaker 

IT and data management systems. Active follow-up methods included: return clinic visits by 

women, home visits by researchers or health workers, postal questionnaires and telephone 

interviews. All methods had examples of poor retention, especially when employed as part 

of routine care as opposed to being a part of research, with high risk of selection bias. 

Requesting women to make return clinic visits in particular disadvantaged women with 

financial and geographical barriers to accessing healthcare.  
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Telephone interviews performed comparatively well, achieving coverage above 63% in all 

studies and over 80% in SSA and HIC studies. In my study in Dar es Salaam, 90% of recruited 

women were reached for interview at least once during the 28-day follow-up period, slightly 

higher than other SSA studies243 and an Indian call-centre238. In my Tanzanian study, success 

at contacting women did not depend on their age, delivery mode or hospital. Among 

sampled women, 97% had access to a mobile phone, therefore, the study reached 87% of 

the desired population. It is the first study I am aware of to use telephone interviews to 

measure postpartum infection, not limited to SSI, and adds positive evidence to the small 

body of data demonstrating feasibility of telephone surveillance in a LMIC. 

Telephone-based methods unavoidably rely on self-reported data. In the systematic review, 

incidence of endometritis was higher in studies using self-reported data, which could indicate 

misclassification and over-estimation. Two validation studies exist in SSA for measuring SSI 

by telephone, compared to subsequent clinical diagnosis of post-caesarean SSI. In one 

Tanzanian hospital, the telephone questionnaire had 72% sensitivity and 100% specificity243. 

A smaller study of all SSI at a Kenyan hospital produced similar results: 69.6% sensitivity and 

100% specificity264. There was up to 48 hours delay between the telephone assessment and 

clinical review which may explain some of the cases in both studies that were missed by 

telephone. In the Tanzanian validation study, the infections identified by telephone were all 

superficial, whereas three of the seven infections missed at telephone interview were 

deep/organ space. In my telephone surveillance, I included symptoms for endometritis 

within my definition of SSI, which may have captured more of the deeper infections. 

However, further validity studies are required to support and optimise the use of telephone 

interviews to measure maternal postnatal infections.  

8.3 Infection Incidence and risk factors 

8.3.1 Maternal Peripartum Infection 

No studies in the systematic review matched the exact WHO definition of maternal 

peripartum infection or included all the constituent infections. However, if a study used an 

ICD-9 or -10 code for major puerperal or other puerperal infection I considered it to use a 

standard definition for maternal peripartum infection. The pooled incidence from high-

quality studies meeting this definition was 11 per 1000 (95% CI 3-24). There was no evidence 

of an association with region.  

In my surveillance study, combined maternal postnatal infection, including UTI, was 

identified in a much higher proportion of women; 59 per 1000 at day 7. I did not report on 
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maternal peripartum infection in the paper presented in chapter 7, however, it can be 

calculated as combined chorioamnionitis (none reported in hospital records), wound 

infection and endometritis. This produces an incidence of 39 per 1000 at day 7, and 49 per 

1000 at day 28, both of which are higher than the systematic review. The increase in the 

incidence risk by day 28 illustrates the importance of the length of follow-up.   

There are no global estimates meeting the definition of MPI. The most recent results from 

the GBD study report an incidence of maternal infection that approximates 85 per 1000, but 

includes mastitis in the case definition19. The GLOSS study detected an incidence of 70.4 per 

1000, but this includes infection throughout pregnancy and postpartum5. All these results 

highlight the important ongoing contribution of infection to maternal morbidity, but also 

illustrate the challenge of comparing results when studies use different definitions.  

Greater comparability is possible within the results of constituent infections as described 

below. Delivery by caesarean section increased the rate of maternal postnatal infection in 

the Dar es Salaam surveillance study and is well documented as the most important risk 

factor for postnatal infection in other literature4, 43, 49, 56, 66, 67. Reducing this risk depends in 

part on providing prophylactic antibiotics. Two meta-analyses report a decreased risk of 

endometritis when this is done shortly before, compared to during or after surgery271, 280. 

One also showed evidence for a reduction in wound infection271, although the other did 

not280. Timing of antibiotics did not effect UTI271 or neonatal sepsis280. Data collected from 

hospital case-notes in my surveillance study in Tanzania indicated only 24% of women 

received pre-operative prophylaxis. A 2021 scoping review found even poorer performance 

in another Tanzanian study in 2016, with only 2.1% of women reporting pre-incision 

prophylaxis, and in a Nigerian study reporting optimal antibiotic timing in 16.5% of cases281. 

These findings indicate that there is huge potential to reduce infection by improving the 

timing of antibiotic prophylaxis.  

Besides caesarean delivery, other documented risk factors for infection, including anaemia, 

diabetes, hypertensive disorders, prolonged rupture of membranes and postpartum 

haemorrhage4, 49, 66, showed no evidence for an association in our Tanzanian cohort. 

However, many of these factors were reported very infrequently, which reduced our power 

to detect an association. The low prevalence of these conditions also raises questions about 

both their documentation in the women’s case-notes and the quality of data extraction 

performed for the study. Misclassification of these potential exposures would have biased 

any estimate of effect towards the null.  
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8.3.2 Chorioamnionitis 

The pooled incidence of chorioamnionitis from high-quality studies in the systematic review 

was 39 per 1000 (95% CI 18-68). This was the highest pooled incidence of any of the 

constituent infections in the review. Almost all studies were from North America and Europe. 

In my surveillance study, we did not collect data on chorioamnionitis from interviews with 

women, but we did extract data on infection in labour from hospital records. In marked 

contrast to the review, no cases were found. It is difficult to know if the lack of infection in 

Tanzania is a true finding, is a result of under-diagnosis by hospital staff, is due to poor 

documentation in hospital records, or stems from difficulties locating and extracting the data 

by research nurses.  

There are no other global summaries of chorioamnionitis incidence to compare my results 

to. Earlier research of intra-amniotic infection reported a wide range of 5-100 per 1000 

pregnancies, including histological and well as clinical disease and covering any time in 

pregnancy. The importance of the condition is demonstrated by a 2021 systematic review 

providing strong evidence for the risk of early and late-onset neonatal sepsis from both 

clinical and histologic chorioamnionitis, however, evidence for increased risk of maternal 

sepsis was inconclusive282. Given its importance, further studies of incidence using clear 

diagnostic criteria are required.  

8.3.3 Endometritis 

The pooled incidence of endometritis from high quality studies in the review was 16 per 1000 

(95% CI 9-25). Four studies in SSA that followed women to a maximum of 7 days postnatal 

had a pooled incidence of 17 per 1000 (95% CI 14-21). Women in my surveillance study had 

a slightly higher incidence of 19 per 1000 at day 7 (including those with caesarean childbirth), 

and this increased to 27 per 1000 at day 28, emphasising the importance of longer follow-

up. These results are higher than those from GLOSS (11 per 1000 livebirths)5 and the WHO 

multi-country study (1 per 1000 puerperal endometritis)21, both of which measured hospital 

admissions only, and would have missed infections managed in the community or at other 

health facilities.    

8.3.4 Wound infection  

In the systematic review, the incidence of wound infection was 12 per 1000 (95% CI 10-15) 

in one high-quality study and pooled incidence was 21 per 1000 (95% CI 12-32) from all 

included studies. Incidence varied with world region, was lowest in North America and 
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Europe (9 per 1000, 95% CI 3-18), and highest in East and South-East Asia (62 per 1000, 95% 

CI 24-116). In SSA the pooled incidence was 34 per 1000 (95% CI 1-110). I found a slightly 

lower incidence in my surveillance study of 28 per 1000 of women at day 28, but it fell within 

the wide confidence interval of the systematic review.  

After caesarean childbirth, incidence of SSI in my study was 96 per 1000 at day 28. A review 

of caesarean complications in SSA reported a higher pooled incidence of 156 per 1000161, 

however, it is difficult to interpret this result because the method used to pool estimates is 

not described and confidence intervals are not provided. The seven studies contributing data 

to the review had infection incidences ranging widely, from 73 to 482 per 1000, and five of 

them had a lower incidence than the pooled average, highlighting large heterogeneity in the 

results and uncertainty about any pooled average.  

8.3.5 Sepsis 

The pooled incidence from high-quality studies in the review was 0.5 per 1000 (95% CI 0.3-

0.7) for all definitions of sepsis. There was weak evidence that incidence varied with world 

region, but few studies occurred outside North America and Europe. Sepsis was not 

specifically measured in my surveillance study. This was partly because definitions of sepsis 

rely largely on clinical signs that are difficult to measure through self-report. In addition, our 

questionnaire aimed to capture all cases of maternal peripartum infection, and therefore 

expected to include any that were further complicated by sepsis. GBD modelling of sepsis in 

2017 reported an age-standardised incidence rate of 0.7 per 1000 (95% UI 0.4-1.2) for 

maternal disorders, which is very close to the results from the review, despite including 

disease throughout pregnancy and accounting for all world regions283. The WHO multi-

country study and GLOSS reported much higher incidences, of 4 per 100021 and 10.9 per 

10005 respectively. This may be partly explained by greater representation of LMICs, 

associated with a higher incidence of sepsis, as well as their use of tertiary hospitals where 

more sepsis cases will be managed. In addition, GLOSS measured a broader definition than 

sepsis, including all women meeting near-miss criteria who also had infection.  

8.3.6 UTI 

UTI was not measured in the systematic review as it is not included in the WHO definition of 

MPI. However, it is included in many definitions of puerperal infection, including ICD-9 and -

10 codes, and shares risk factors with other postnatal infections, in particular caesarean 

delivery. Many studies of postpartum UTI focus on caesarean delivery and catheterisation. 
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Two studies in a systematic review both had 60 per 1000 cases of UTI among catheterised 

women, but much lower incidence in un-catheterised groups284.    

 In my surveillance study, the incidence risk of UTI was 32 per 1000 at day 28,  26 per 1000 

following vaginal delivery and 55 per 1000 after a caesarean section. Results from a Danish 

study were very similar to ours, reporting 31 cases per 1000 after vaginal delivery, and 54 

per 1000 post-caesarean section285. Incidence in the GLOSS study was lower at 19.7 per 1000 

livebirths despite including infection throughout pregnancy, however, only hospitalised 

women were included and most UTIs are mild infections, managed in the community5.  

8.4 Strengths 
This thesis grappled with the important but complex, and often confused, topic of maternal 

infection. It is probably unsurprising that a systematic review of incidence has not been 

conducted before. Having initially set out to simply measure incidence and risk factors, the 

nature of the condition led to a more detailed exploration and consideration of 

measurement and definitions. The field work aimed to apply some of this learning and lead 

to improvements in future research in the area.  

Throughout the thesis I have tried to be clear and transparent about the infections studied, 

the definitions and criteria applied, and the reason for the choices made. The WHO definition 

of peripartum infection was broken into its constituent parts and standard surveillance 

definitions (primarily from CDC) of each infection were adapted for use. These formed part 

of the quality assessment in the review, enabling only studies meeting the definitions to 

contribute to the pooled estimates from high-qualities studies. They also informed the 

comparison of measurement methods between studies. In the telephone surveillance study, 

the use of standard definitions reduced the risk of misclassification bias. In addition, these 

definitions allowed results to be compared between the review and the surveillance study, 

as well as creating opportunities to compare them with other published literature. 

The systematic review benefited from a broad search in many databases and included 

articles in all languages. In throwing the search wide, and screening 31,528 studies, I hoped 

to avoid missing any relevant data, especially from LMICs. The approach ensured a significant 

minority (48%) of studies were from regions outside North America and Europe. Inclusion of 

sufficient data from LMICs is not only necessary to obtain valid regional and globally 

estimates of infection but contributes to the understanding of how infection is being 

measured in different geographical and socio-economic settings around the world.  
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The Tanzania surveillance study demonstrated the feasibility of following a cohort of 

postnatal women for a specified time period using telephone interviews. Over a short study 

period (3 months) and at low cost, nearly 900 women were recruited and 90% were followed 

to at least day-7. Utilising the constituent infection criteria, I attempted to minimise self-

reporting bias by asking closed, symptom-specific questions and only classifying women with 

infection at the analysis stage. 

8.5 Limitations 
The choice of component infections changed during the course of the thesis. UTI was not 

measured in the systematic review because it is not part of the WHO definition of maternal 

peripartum infection. However, many other studies of postnatal infection, and ICD-10 codes 

for puerperal infection, include UTI, and the decision was made to measure it in the 

surveillance study. It could be argued that the systematic review would have been more 

informative if UTI was included because it is a frequent cause of postnatal infection, and the 

risk is increased by factors related to childbirth.  

Chorioamnionitis, which was in the systematic review, and is part of WHO’s MPI definition, 

was not specifically measured in the telephone surveillance, firstly because the study 

focussed on postnatal infection, and secondly because diagnosis of chorioamnionitis is based 

on physical signs which could not be measured by telephone interview. Given the high 

incidence of chorioamnionitis estimated in the systematic review, this omission could be 

important for an overall estimate of peripartum infection. However, data extracted from 

women’s hospital records only recorded one case of infection (UTI) during pregnancy. 

Although the literature review and surveillance study did not measure exactly the same 

group of infections, the estimates for each component infection could still be compared.  

While attempts were made to minimise bias in the Tanzanian surveillance study, there 

remained limitations. Selection bias could have occurred for a number of reasons. By default, 

the study excluded women without access to a telephone. Although this only accounted for 

3% of women sampled, they are likely to have had a lower SES than the recruited women, 

and may have a higher risk of infection due to under-nutrition, or poorer access to water, 

sanitation and hygiene or healthcare services. However, women with higher SES may also 

carry higher risks of infection related to obesity and diabetes. At the request of the hospitals 

involved, women admitted to ICU were also excluded from the study, potentially leading to 

an under-estimate of infection because sepsis is a possible reason for admission. However, 

only one woman was excluded for this reason, so the effect on the results is negligible.  
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In the surveillance study, infection was determined by self-reported symptoms with the 

potential for information bias. I aimed to assess validity by comparing cases based on self-

reported symptoms with hospital diagnoses. However, only one case of maternal infection 

was extracted from the hospital case-notes before discharge, and most women who 

attended a health facility postnatally were unable to tell us their clinical diagnosis, so this 

was not possible. Therefore, this method of surveillance still requires a proper validation 

study.  

The study followed women to 28 days, rather than the full 42 days specified by the WHO 

definition of peripartum infection. This was for pragmatic reasons, as it allowed an 

assessment of newborn infection at the end of the neonatal period, and reduced the overall 

length of the study, thereby minimising costs. In addition, it is close to the 30-day cut-off for 

SSI. Moreover, the vast majority of maternal postnatal infections occur before 28 days, 

making it unlikely that many cases of infection were missed. However, ideally a further 

telephone call would be made at 42 days.   

The population of Dar es Salaam has a higher SES and higher phone ownership than other 

regions of the country and tertiary hospitals are expected to provide the highest level of 

healthcare. Therefore, infection incidence risk may be lower than for the population overall. 

However, rates of caesarean delivery are higher in Dar es Salaam84, and tertiary hospitals will 

also receive women with other medical complications, both of which can increase the risk of 

infection. It is therefore not possible to generalise either the infection incidence results or 

the feasibility of telephone interviews to the whole country or region. However, the findings 

are expected to be similar in other urban settings in the region.  

The surveillance study was not powered for assessing risk factors or consequences occurring 

at a low frequency. However, no evidence of association was found for a number of expected 

risk factors, including diabetes, hypertensive disorders of pregnancy, premature rupture of 

membranes and postpartum haemorrhage4, 49, 66. A larger study would be beneficial to 

explore rare exposures and outcomes, and any effect of early infection on maternal mood 

and function.  

8.6 How to improve measurement of maternal infection 

8.6.1 What to measure 

The results of this thesis raise the question of how to improve measurement of maternal 

infection, and specifically peripartum infection. In addressing this, it is important to 
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remember that infection is not one condition, but a range of diseases, and that measurement 

of infection is conducted for a variety of reasons which bring with them different priorities. 

The size of the study, the accuracy of measurement, and the infection studied will all differ, 

depending on the purpose.  

If an estimate of infection burden is required for advocacy purposes, measurement will focus 

on reaching a wide population, and using a broad definition, for instance infection of any 

aetiology, occurring throughout pregnancy and postpartum. The alternative is to capture 

women with most severe disease, i.e. deaths, near-miss cases, or sepsis, to indicate the 

seriousness of the problem and the potential to make a big impact. Ease of measurement on 

a big scale is the priority, for example using existing medical records, or a hospital-based 

study, while accuracy of measurement and reducing risk of bias is of less consequence.  

In contrast, if the aim is to understand trends and differentials in the frequency of infection 

and to determine risk factors of infection, then measurement accuracy and low risk of bias 

is the priority. Focusing on a single infection, or group of infections with shared risk factors, 

is beneficial. The same is true when comparing infection incidence between facilities or 

regions, or over time, in order to inform local health prioritisation, or provide feedback to 

practitioners to improve preventive behaviours. Studies should be large enough to test 

associations, but do not need to be extensive. Studying common infections, as opposed to 

rare disease such as sepsis, will make it easier to increase the power of the study. A cohort 

of women should be followed for a specified time, using a clear infection definition and 

community follow-up. Case-control designs can be used to assess risk factors for rare 

infections, but are not suited to estimating incidence risk. 

Maternal peripartum infections, or postnatal infections in neonates, are both an important 

and useful group to study in relation to risk factors, and for comparing facilities and regions. 

Peripartum infections are common, they share risk factors including potential iatrogenic 

causes, and there are opportunities for infection prevention during birth, as well as facility 

birth providing an easy opening to recruit women to a cohort. Furthermore, the postnatal 

period is of prime importance to the newborn, and offers the chance to measure outcomes 

for both mother and baby and assess shared risk factors.   

Based on the results of this thesis, I would argue that maternal peripartum infection should 

be broken into its constituent infections to both ensure standard criteria are used for 

measurement, and to allow comparability between studies that measure different 
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combinations of these constituents. Endometritis and caesarean SSI are the key infections to 

measure as both begin after birth, providing a clear start for follow-up, and their risk can be 

increased by the actions of birth attendants. Chorioamnionitis had the highest incidence of 

all constituent infections in my systematic review and therefore warrants inclusion, but 

requires different measurement methods because it occurs at a different time (during 

labour), diagnosis needs clinical and/or histological input, and risk factors are diverse. I would 

consider it a lower priority if research budgets were limited. UTI is not strictly a peripartum 

infection, or a direct maternal infection, however, it is easy to measure by self-report, occurs 

frequently, shares risk factors with the other peripartum infections, and can be iatrogenic. I 

would therefore advocate for its inclusion where possible. 

8.6.2 Infection definitions 

It is evident that improved measurement of maternal infection requires the use of standard 

definitions with clear criteria. I primarily used CDC definitions as my standard, however, 

these were developed for a high-income context, and some of the criteria, particularly the 

laboratory investigations, cannot be measured within many low-resource settings. My 

surveillance study provides an example of adapting these definitions to a LIC, creating a set 

of criteria that could be measured through telephone interviews with women. To improve 

infection measurement, validated surveillance definitions need to be produced for key 

constituent infections (endometritis, SSI, UTI and chorioamnionitis), which can be used 

across income-settings. 

8.6.3 Postnatal follow-up 

Maternal peripartum infection should be measured within a cohort of women over time, 

using beginning of labour as the start point. However, women are often not in contact with 

a health professional at the start of labour, so it can be difficult to determine the exact start-

point and whether a woman presenting with chorioamnionitis has an MPI, or developed the 

infection before labour. Postnatal infection has the advantage of birth as a clear starting 

point, shared with the newborn. In both cases, community follow-up is necessary, preferably 

until 42 days postpartum.  

In settings with good medical record-keeping, and systems to link data, postnatal infection 

data can be extracted from a variety of datasets that comprehensively cover women’s 

contact with health providers. However, in most contexts, where this is not an option, direct 

contact needs to be made with the women. This thesis offers further evidence for the benefit 

of telephone interviews to conduct this follow-up. As access to mobile telephones continues 
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to rise globally, this method can be increasingly widely used. At least three contact points 

are needed: Day 7 or earlier to capture the highest-risk period; day 28-30 to mark the end of 

the neonatal period and the end of the measurement period for healthcare associated SSI; 

and the end of follow-up at day 42, the end of the post-partum period. To be most effective, 

there must be multiple attempted calls, at different times over several days, and women 

should be asked to provide more than one telephone number.  

8.7 Future research Implications 

8.7.1 Infection Measurement 

As argued above, maternal peripartum infection, and specifically endometritis and caesarean 

SSI, are key maternal infections that should be measured in studies that compare maternal 

infection incidence between settings or over time. Even if a broader group of infections is 

studied, researchers need to measure and report separately on these constituent infections 

to allow comparability with other studies.  

Research is needed to produce international, standard definitions and diagnostic criteria, 

prioritising endometritis and caesarean SSI, which can be used in low-resource settings 

without access to laboratory tests. Validation studies are required, comparing them with 

existing definitions, and examining them against key outcomes such as admission to hospital 

and severe complications including sepsis. Research funders and journal reviewers should 

request these standard definitions be applied to ensure their use.  

In addition to validating infection definitions for LMICs, the measurement methods also need 

validating, including the use of self-report and telephone interviews. Two small SSA studies 

have tested the validity of telephone interviews to measure SSI, but larger studies including 

other peripartum infections are required. Qualitative research could also be valuable to 

improve the sensitivity of the questionnaire, for example by exploring the words women use 

themselves to describe symptoms, as well as their experience of postnatal symptoms such 

as abdominal pain and vaginal discharge and their understanding of when these are 

abnormal.  

Telephone methods were successful in my Tanzanian study, but still only reached 85% of 

women at day 28, therefore, further effort is needed to improve coverage. Qualitative 

studies can explore telephone ownership, access and usage, as well as women’s availability 

and barriers to telephone interviews. Women frequently reported that they missed calls 

because their telephone battery was not charged, and it is worth assessing simple actions to 
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address this, such as providing participants with a specific day and time-period for the 

interview, or giving telephone units to enable a participant to call back if they miss a call. 

Improving the coverage and usefulness of telephone methods has implications, not only for 

measuring postnatal infection but also for research into other postnatal complications such 

as postnatal depression or urinary incontinence, and more broadly for conducting simple 

surveys with a large population at relatively low-cost. 

8.7.2 Infection Prevention 

This thesis provides evidence of a high incidence of maternal peripartum infection and 

provides further evidence for the increased risk of postnatal infection associated with 

caesarean delivery. In addition, the study in Tanzania reported low rates of pre-operative 

antibiotics prophylaxis, one of the key interventions for reducing this risk. Implementation 

research to improve timing and duration of antibiotic prophylaxis has been conducted with 

mixed results286-289. A literature review suggests a multidisciplinary approach and 

individualised performance data can improve quality290 however, more research is still 

required. This will include qualitative research to understand existing beliefs about 

effectiveness and barriers to implementation, as well as studies to explore behaviour change 

interventions.  

As well as antibiotic prophylaxis, to reduce the risk from caesarean section the WHO 

recommends vaginal cleansing with povidone-iodine or chlorhexidine gluconate, and skin 

preparation with alcohol-based chlorhexidine gluconate291. Interestingly, a large trial in 

seven LMICs was recently published showing no benefit of alcohol chlorhexidine skin 

preparation compared to the cheaper povidone-iodine for all clean-contaminated surgical 

procedures, half of which were obstetric292. This demonstrates the importance of not 

assuming research findings can be generalised to different regions and settings, and 

highlights the need for further research into prevention of maternal infection to be 

conducted in LMICs.  

The most common infection identified in the Tanzanian study was UTI and, similar to 

previous studies, this was associated with caesarean delivery285.  Previous research has not 

shown a benefit from optimising timing of antibiotic prophylaxis271, but there is some 

evidence from a systematic review that avoiding use of urinary catheter during caesarean 

section can reduce infection284. Larger, high-quality studies are required to support this 

finding, followed by implementation studies if a change in practice is recommended.  
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8.8 Practice and Policy implications  

8.8.1 Routine Infection Surveillance 

The feasibility of postnatal telephone surveillance is not only of benefit to researchers, but 

can be used at hospital and district level to conduct routine infection surveillance as a way 

to inform and improve local performance, and reduce infection rates. Previous studies have 

shown reduced infection over time with the implementation of routine surveillance260, 261, 

and feedback is well-recognised as a tool within behaviour change strategies. I would 

encourage the introduction of regular, continuous or intermittent, telephone surveillance, 

following childbirth and/or after a surgical procedure, to inform clinical leaders and hospital 

mangers of the frequency of infection, how this is changing over time and how it compares 

to other facilities. Changes in policy to prevent infections can be easily monitored within this 

ongoing surveillance, including interventions to optimise antibiotic use.  

8.8.2 Infection Prevention 

As mentioned above, known infection prevention interventions are not being implemented 

universally. In addition to pre-incision prophylactic antibiotics for caesarean-delivery 

mentioned already, WHO also recommends antibiotic prophylaxis for operative vaginal 

delivery291, pre-term prelabour rupture of membranes (PPROM), manual removal of the 

placenta, and following a third- or fourth-degree perineal tear39. In our Tanzanian study there 

were very few cases of operative vaginal delivery or PROM. We did not enquire about manual 

removal of the placenta or attempt to distinguish the degree of perineal tears. However, at 

one of the two study hospitals, postnatal antibiotic prophylaxis was given routinely to 

virtually all women. Antibiotic prophylaxis is not indicated for routine vaginal delivery39.  

Part of the answer to improving antibiotic stewardship and infection prevention is through 

implementation research, however, this is only beneficial if it informs policy and practice. 

National guidelines need to reflect the international recommendations and be disseminated 

to all stakeholders using methods that inform and engage. Change in practice should not rely 

on education alone, but use lessons from implementation research and behaviour-change 

studies. Routine infection surveillance, as described above, can expose the need for change, 

as well as providing feedback as part of a behaviour change strategy.  

8.8.3 Postnatal Care 

It was not the objective of this thesis to explore the use of telephone methods in the 

provision of routine postnatal care. However, the high coverage achieved by the telephone 
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surveillance study raises this possibility. Greater use of telemedicine in both ante-and post-

natal care, including the use of video calls, has been of particular interest during the COVID 

pandemic. It was viewed by many care providers as an important alternative to in-person 

consultations, although concerns were raised about quality of care, elements of physical 

examination that will be missed, and the potential for widening inequalities265. However, 

current attendance for maternal postnatal review is low, ranging from 25% to 41% at one 

week in a study of four SSA countries293. Alternative or additional care models are worth 

exploring to support the large proportion of women who at present receive no postnatal 

care.   

Telephone calls can be a means to assess women for signs of illness, including infection and 

depression. They can also offer an opportunity to address mothers’ questions and concerns.  

A recent meta-synthesis of qualitative studies of postnatal women found women want 

guidance and advice from health professionals on a range of topics including baby 

development, vaccinations, practical care-giving, breastfeeding and hygiene294. A small 

Lebanese study reported on the feasibility of, and satisfaction with a postpartum telephone 

hotline. In the four months postpartum, 24% of women called at least once, the majority in 

the first four weeks, and primarily with questions about breastfeeding and routine infant 

care. Of the women who called, 60% did so more than once, reflecting satisfaction and 

confidence in the service.  

8.9 Final Conclusions 
Measurement of maternal infection requires greater consistency and accuracy. Maternal 

peripartum infections and postnatal infections are important and useful conditions to 

measure. This is best done by studying their constituent infections, especially endometritis 

and caesarean SSI. However, standard definitions and criteria that can be applied across 

income settings need to be agreed and validated. These infections should be measured 

within cohorts of women, recruited at the start of labour, or at birth, and followed until 42 

days postpartum. Telephone methods offer a feasible and efficient means to conduct this 

community follow-up. Concurrent observation of the newborn should be encouraged. 

Telephone methods warrant further research and use for routine infection surveillance, 

and in the provision of postnatal care. 
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Maternal peripartum infections remain unacceptably high, and greater efforts are needed, 

both by researchers and practitioners, to improve infection prevention behaviours, and 

particularly to implement optimal antibiotic prophylaxis before caesarean section.  
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Appendix B: PRISMA Checklist for manuscript 1 

Section/topic  # Checklist item  Reported on page #  

TITLE   

Title  1 Identify the report as a systematic review, meta-analysis, or 
both.  

Title: A systematic review and meta-analysis 

ABSTRACT   

Structured summary  2 Provide a structured summary including, as applicable: 
background; objectives; data sources; study eligibility 
criteria, participants, and interventions; study appraisal and 
synthesis methods; results; limitations; conclusions and 
implications of key findings; systematic review registration 
number.  

Abstract 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the context of what 
is already known.  

Introduction paragraph 1. “Infection is an important preventable 
cause of maternal morbidity and mortality… However, the frequency 
of infection in pregnancy is poorly understood…. Infection remains 
the one major direct cause of maternal morbidity without a 
published systematic literature review of incidence” 

Objectives  4 Provide an explicit statement of questions being addressed 
with reference to participants, interventions, comparisons, 
outcomes, and study design (PICOS).  

Introduction paragraph 3 

“This review focusses on recent epidemiological evidence for the 
incidence of ‘maternal peripartum infection’, defined by the World 
Health Organization (WHO) in 2015 to encompass infections of the 
genital tract and surrounding tissues from onset of labour or rupture 
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of membranes until 42 days postpartum” 

METHODS   

Protocol and registration  5 Indicate if a review protocol exists, if and where it can be 
accessed (e.g., Web address), and, if available, provide 
registration information including registration number.  

Methods paragraph 1 PROPSERO CRD42017074591 

Eligibility criteria  6 Specify study characteristics (e.g., PICOS, length of follow-
up) and report characteristics (e.g., years considered, 
language, publication status) used as criteria for eligibility, 
giving rationale.  

Methods/Exclusion criteria 

“All identified studies were systematically assessed, irrespective of 
language or study design” 

Exclusions included studies with: 

“Only a subgroup of women at higher risk of infection than the 
general population of peripartum women (e.g. only caesarean 
section deliveries or only women with diabetes) 

Data collected before 1990. If a study spanned 1990 but disaggregated 
by year, data from 1990 onwards were used 

Conference and poster abstracts” 

 

Methods/Outcome definitions 

The WHO definition of Maternal Peripartum Infection 

“We considered this to encompass specific constituent infections, 
namely chorioamnionitis in labour, puerperal endometritis, and 
wound infection following caesarean section, perineal tear or 
episiotomy. We included sepsis occurring within the defined time-
period, restricted to sepsis of genital tract or wound origin where 
possible.” 
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Information sources  7 Describe all information sources (e.g., databases with 
dates of coverage, contact with study authors to identify 
additional studies) in the search and date last searched.  

Methods/Search strategy  

“We searched Medline, EMBASE, Global Health, Popline, CINAHL, the 
Latin American and Caribbean Health Science Information (LILACS), 
Africa-Wide Information and regional WHO on-line databases using 
Global Index Medicus from January 2005 to June 2016.” 

Methods/Screening and data extraction 

Search  8 Present full electronic search strategy for at least one 
database, including any limits used, such that it could be 
repeated.  

S1 Appendix 

Search strategies for all databases included 

Study selection  9 State the process for selecting studies (i.e., screening, 
eligibility, included in systematic review, and, if applicable, 
included in the meta-analysis).  

Methods/Exclusion criteria 

Studies were excluded if their titles or abstracts met the 
listed exclusion criteria 

“We sought the full-text for all remaining studies, including those 
where the abstract had insufficient information to make a decision. 
The same exclusion criteria applied to full texts.” 

Methods/Screening and data extraction 

“SW and AM double-screened 300 (~1%) title and abstracts to ensure 
consistency; the rest were single-screened. Queries were resolved 
through discussion. Full-text screening and extraction was conducted 
by SW, AM and MB, with approximately 8% of articles double-
screened and extracted to ensure consistency” 

 

Data collection process  10 Describe method of data extraction from reports (e.g., 
piloted forms, independently, in duplicate) and any 
processes for obtaining and confirming data from 

Methods/Screening and data extraction 

As above – 8% of articles were extracted in duplicate. 
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investigators.  “Nine authors were contacted to clarify study eligibility.” 

Data items  11 List and define all variables for which data were sought 
(e.g., PICOS, funding sources) and any assumptions and 
simplifications made.  

Methods/Screening and data extraction 

 “Data extracted included language, location and dates of study, 
study population, study design, sampling, outcome definition, 
denominator, time-period for observing infection, data source, 
diagnosis, and incidence of infection” 

Full details in S2 Appendix 

Risk of bias in individual 
studies  

12 Describe methods used for assessing risk of bias of 
individual studies (including specification of whether this 
was done at the study or outcome level), and how this 
information is to be used in any data synthesis.  

Methods/Critical appraisal of studies 

“We appraised the quality of each study outcome according to 
criteria in Table 1, adapted from Joanna Briggs Institute criteria for 
assessing incidence/prevalence studies” 

Table 1. – Quality Assessment Criteria 

Assess for selection bias, attrition bias and measurement 
bias.  

Table 2. Standard definitions for infection outcomes 

Used to assess measurement bias 

Methods/Data management and analysis paragraph 3 

Subgroup analysis of studies meeting all quality criteria 

“to obtain a weighted pooled estimate of incidence of each infection 
outcome, for 1) all studies, 2) high quality studies” 

Summary measures  13 State the principal summary measures (e.g., risk ratio, 
difference in means).  

Methods/Data management and analysis paragraph 3 

“a weighted pooled estimate of incidence of each infection outcome” 

Synthesis of results  14 Describe the methods of handling data and combining 
results of studies, if done, including measures of 
consistency (e.g., I2) for each meta-analysis.  

Methods/Data management and analysis paragraph 4 

 “Infection incidence risk (as a proportion) was transformed using the 
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Freeman-Tukey transformation to approximate a normal distribution 
and stabilise the variance. Because study designs and outcome 
definitions varied, we used random effects to combine study 
estimates. The tau2 measure of between-study heterogeneity was 
estimated using restricted maximum likelihood. The pooled 
estimates were back-transformed and results presented as 
proportions.” 

 

Page 1 of 2  

Section/topic  # Checklist item  Reported on page #  

Risk of bias across studies  15 Specify any assessment of risk of bias that may affect the 
cumulative evidence (e.g., publication bias, selective 
reporting within studies).  

Methods/Data management and analysis paragraph 3 

Subgroup analysis of studies meeting all quality criteria – 
at low-risk of bias 

“to obtain a weighted pooled estimate of incidence of each infection 
outcome, for 1) all studies, 2) high quality studies” 

Additional analyses  16 Describe methods of additional analyses (e.g., sensitivity or 
subgroup analyses, meta-regression), if done, indicating 
which were pre-specified.  

Methods/Data management and analysis paragraph 3 

Pre-specified subgroups – high quality and world regions 

“weighted pooled estimate of incidence of each infection outcome, 
for 1) all studies, 2) high quality studies, and 3) stratified by world 
region” 

Methods/Data management and analysis paragraph 4 

Sensitivity analysis 

“As sensitivity analyses we calculated standardised residuals and 
removed outliers with p>0.05 (based on the t distribution). We 
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compared heterogeneity and precision intervals before and after the 
removal of outliers.” 

Methods/Data management and analysis paragraph 5 

Pre-specified meta-regression of world region and study 
characteristics  

“We used meta-regression and reported odds ratios (OR) to explore 
whether world region or study characteristics influenced infection 
incidence. Infection risk was log-transformed and univariate random 
effects models used to explore associations between each variable 
and odds of infection.” 

RESULTS   

Study selection  17 Give numbers of studies screened, assessed for eligibility, 
and included in the review, with reasons for exclusions at 
each stage, ideally with a flow diagram.  

Results/Paragraph 1  

“Figure 1 shows the 31,528 potentially relevant articles identified, of 
which 1543 were eligible for full-text review after title and abstract 
screening. We could not find two full-texts. Of the remaining 1541 
full-texts screened, 111 were included” 

Reasons for exclusion indicated in the Flow Diagram, Figure 1 

Study characteristics  18 For each study, present characteristics for which data were 
extracted (e.g., study size, PICOS, follow-up period) and 
provide the citations.  

S3 Tables 1-5 include extracted study characteristics 

Risk of bias within studies  19 Present data on risk of bias of each study and, if available, 
any outcome level assessment (see item 12).  

S4 Table 6 indicates quality score (risk of bias) at study 
level for each study.  

S3 tables 1-5 indicates the score at outcome level 

Results of individual studies  20 For all outcomes considered (benefits or harms), present, 
for each study: (a) simple summary data for each 
intervention group (b) effect estimates and confidence 
intervals, ideally with a forest plot.  

Summary data S3 Tables 1-5.  

Forest plots for each outcome Fig. 2-6. 
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Synthesis of results  21 Present results of each meta-analysis done, including 
confidence intervals and measures of consistency.  

Table 3 

Risk of bias across studies  22 Present results of any assessment of risk of bias across 
studies (see Item 15).  

Table 3 

Subgroup meta-analysis of high-quality studies only, 

Additional analysis  23 Give results of additional analyses, if done (e.g., sensitivity 
or subgroup analyses, meta-regression [see Item 16]).  

Sensitivity 16(234).  

Subgroup analysis by world region for each outcome: 
forest plots Fig. 2-6.  

Meta-regression Tables 4-8 

DISCUSSION   

Summary of evidence  24 Summarize the main findings including the strength of 
evidence for each main outcome; consider their relevance 
to key groups (e.g., healthcare providers, users, and policy 
makers).  

Discussion paragraph 1 – Main findings.  

“Pooled infection incidence in high-quality studies was 3.9% for 
chorioamnionitis, 1.6% for endometritis, 1.2% for wound infection 
and 1.1% for maternal peripartum infection. Pooled incidence of 
sepsis was 0.05%.” 

Relevance 

Limitations  25 Discuss limitations at study and outcome level (e.g., risk of 
bias), and at review-level (e.g., incomplete retrieval of 
identified research, reporting bias).  

Discussion paragraph 3 – risk of bias at study and 
outcome level  

“The quality of many studies was poor, with potential for bias. 
Measurement bias was possible in 63% of studies, primarily because 
the infection was not defined or the definition used was too broad 
and risked over-estimating incidence.” 

Discussion paragraph 5 – limitations from ‘study extent’ 

“For all outcomes apart from sepsis, there was evidence that study 
extent was associated with infection. Pooled incidence was up to five 
times higher in single-facility studies compared to estimates using 
nationally-representative databases” 
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Discussion paragraph 6 – limitations from study follow-up 
period 

“Longer follow-up (risk) period was unsurprisingly associated with 
higher sepsis incidence, and a similar trend was observed with the 
other outcomes but lacked statistical evidence.” 

 

Discussion/Strengths and weaknesses, paragraph 2 – 
limitations at review level. For example: 

“We did not limit our review to population-level studies potentially 
over-estimating infection incidence as discussed above. In addition, 
we did include groups of low-risk women and so our pooled 
estimates may be an underestimate. Due to marked between-study 
heterogeneity studies are given almost equal weight regardless of 
their size with potential for bias from small study effects.” 

 

Conclusions  26 Provide a general interpretation of the results in the context 
of other evidence, and implications for future research.  

Discussion/Conclusion 

“infection remains an important complication of childbirth. Incidence 
risk appears lower than modelled global estimates, although the 
difference in definition limits comparability. The review highlights the 
paucity of data from LMICs and the marked heterogeneity in study 
designs and infection definitions. Better quality research, using 
standard definitions and follow-up after hospital discharge, is 
required to improve comparability between different study settings 
and to demonstrate the influence of risk factors and protective 
interventions.” 

FUNDING   



256 

 

Funding  27 Describe sources of funding for the systematic review and 
other support (e.g., supply of data); role of funders for the 
systematic review.  

Uploaded separately  

 

From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(6): 

e1000097. doi:10.1371/journal.pmed1000097  

For more information, visit: www.prisma-statement.org.  

Page 2 of 2  
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Appendix C: Search Strategy for manuscript 1 

Medline/EMBASE/Global Health  
1. Maternal text adj5 sepsis text 
2. Maternal infection (text OR Mesh) 
3. ((Maternal text adj2 complication text) OR maternal complications Mesh) AND 

infection 
4. 1 or 2 or 3 
5. Prevalence text 
6. Prevalence Mesh 
7. 5 or 6 
8. 4 and 7 
9. Restricted to Human/2005 Current 

Maternal/pregnancy terms 

Texts  

matern* OR pregnan* OR childbirth OR 
intrapartum OR intra-partum OR 
postpartum OR post-partum OR postnatal 
OR puerperal OR puerperium OR parturition 
OR obstetric OR labo*r OR partum OR 
deliver* OR perineal OR perineum OR 
caesarean  

 

 

Sepsis 

Texts  

sepsis OR septic OR septic?em* OR 
endometritis OR metritis OR 
endomyometritis OR endoparametritis OR 
amnionitis OR placentitis OR membranitis 
OR infect* OR cervicitis OR vaginitis OR 
organ failure 

 

 

Maternal Infection 

Texts [MeSH] 

Chorioamnionitis OR ((puerperal or 
childbed or postpartum or post-partum) 
adj (fever or pyrexia)) OR puerperal 
peritonitis  

Chorioamnionitis/ OR pregnancy 
complications, infectious/ OR puerperal 
infection/ 

 

 

Maternal Complications with infection 

Texts [MeSH] 

(Pregnan* or obstetric or postpartum or 
post-partum or maternal) adj2 

Pregnancy complications/ OR obstetric 
labor complications/ or puerperal 
disorders/ 
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(complication* or morbidit* or outcomes 
or near-miss)  

AND 

(sepsis or septic or fever or infection* or 
pyrexi*) 

 

 

Prevalence/incidence/study 

Texts [MeSH] 

prevalence OR proportion OR percent* OR 
frequency OR incidence OR rate* OR 
cohort OR longitudinal study OR follow-up 
study OR prospective study OR 
retrospective study OR cross-sectional OR 
intervention study OR trial OR community-
based study OR population-based study OR 
observational study OR evaluat* OR audit 
OR epidemiology 

prevalence/ OR incidence/ OR 
epidemiology/ OR epidemiologic methods/ 
OR clinical studies as topic/ OR 
epidemiologic studies/  

NOT 

case report* or comment or practice 
guideline* or editorial or consensus 
development conference or guideline* or 
legal case* or legislation or newspaper 
article or patient education handout or 
retracted publication 

 

 

Results 

• Medline 10,934 

• EMBASE 17732 

• Global Health 6196 
 

CINAHL plus - Results 4790 

Using the terms above: 

1. Maternal text N5 sepsis text 
2. Maternal infection (text OR Mesh) 
3. ((Maternal text N2 complication text) OR maternal complications Mesh) AND 

infection 
4. 1 or 2 or 3 
5. Prevalence text 
6. Prevalence Mesh 
7. 5 or 6 
8. 4 and 7 
9. Restricted to 2005-Current & Excluded MEDLINE records 

 

Global Index Medicus – Results 1539.  
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Restricted to Western Pacific (WPRIM), Eastern Mediterranean (IMEMR), South-East Asian 

(IMSEAR) and Africa (AIM) Regions and the WHO library (WHOLIS) and 2005-2016.  

Search in title, abstract, subject 

1. Maternal text  
2. Sepsis text 
3. Prevalence text 
4. 1 and 2 and 3 

Maternal Text 

matern* OR pregnan* OR  childbirth OR intrapartum OR intra-partum OR postpartum OR 
post-partum OR postnatal OR puerperal OR puerperium OR parturition OR obstetric OR 
labo*r OR partum OR deliver* OR perineal OR perineum OR caesarean 

 

Sepsis Text 

sepsis OR septic OR septicem* OR septicaem* OR endometritis OR metritis OR 
endomyometritis OR endoparametritis OR amnionitis OR placentitis OR membranitis OR 
infect* OR cervicitis OR vaginitis OR "organ failure" 

 

Prevalence Text 

prevalence OR proportion OR percent* OR frequency OR incidence OR rate* OR cohort 
OR "longitudinal study" OR "follow-up study" OR "prospective study" OR "retrospective 
study" OR cross-sectional OR "intervention study" OR trial OR "community-based study" 
OR "population-based study" OR "observational study" OR evaluat* OR audit OR 
epidemiology 

 

POPLINE – Results 539  

Restricted to 2005-2016 

"matern* sepsis" ~5 OR "pregnancy sepsis" ~5 OR "childbirth sepsis" ~5 OR "intrapartum 
sepsis" ~5 OR "intra-partum sepsis" ~5 OR "puerperal sepsis" ~5 OR "postpartum sepsis" 
~5 OR "post-partum sepsis" ~5 OR "postnatal sepsis" ~5 OR "puerperium sepsis" ~5 OR 
"parturition sepsis" ~5 OR "obstetric sepsis" ~5 OR "labor sepsis" ~5 OR "labour sepsis" 
~5 OR "deliver* sepsis" ~5 OR "matern* infection*" ~5 OR "pregnancy infection*" ~5 OR 
"childbirth infection*" ~5 OR "intrapartum infection*" ~5 OR "intra-partum infection*" 
~5 OR "puerperal infection*" ~5 OR "postpartum infection*" ~5 OR "post-partum 
infection*" ~5 OR "postnatal infection*" ~5 OR "puerperium infection*" ~5 OR 
"parturition infection*" ~5 OR "obstetric infection*" ~5 OR "labor infection*" ~5 OR 
"labour infection*" ~5 OR "deliver* infection*" ~5 OR "perineal infection*" ~5 OR 
"perineum infection*" ~5 OR "caesarean infection*" ~5 OR "puerperal fever" OR 
"childbed fever" OR "postpartum fever" OR "post-partum fever" OR "puerperal pyrexia" 
OR "postpartum pyrexia" OR "post-partum pyrexia" OR "puerperal peritonitis" OR 
chorioamnionitis OR endometritis 

 

Africa Wide Information – Results 3067 

Restricted to 2005-Current 



260 

 

(matern* or pregnan* or childbirth or intrapartum or intra-partum or postpartum or post-partum 
or postnatal or puerperal or puerperium or parturition or obstetric or labo*r or partum or deliver* 
or perineal or perineum or caesarean) N5 (sepsis or septic or septic?em* or endometritis or 
metritis or endomyometritis or endoparametritis or amnionitis or placentitis or membranitis or 
infect* or pyrexi* or cervicitis or vaginitis or organ failure or chorioamnionitis or puerperal fever or 
childbed or puerperal peritonitis or Chorioamnionitis+ or puerperal infection+ ) 

 

LILACS – Results 1955 

Matern? Or Embaraz? Or parto or alumbramiento or nacimiento or intraparto or postparto or 
postnatal or puerperal or puerperio or trabajo de parto or perineo or perineum or cesárea  
AND 
Sepsis or séptico or septicemia or endometritis or parametritis or amnionitis or infección or fiebre 
or cervicitis or vaginitis or falla sistémica or corioanmionitis or fiebre puerperal  

 

 

  



261 

 

Appendix D: Data Extraction form for manuscript 1 

# Question Response codes 

1 Language of paper              (1) English 
(2) French 
(3) German 
(4) Spanish 
(5) Portuguese 
(6) Chinese 
(7) Russian 
(8) Other  
       Specify____________________________ 
 

 STUDY POPULATION 

2 Study Period       Month/Year                      Month/Year 
 |____|___|  |____|___|     to    |____|___|  
|____|___| 
 

3 Countries included 
 
 

 
 

4 Number of study sites included (within and 
across countries) 

 

5 Which category(ies) best describes the 
study population at the study sites?                                                                                     
 

(1) Rural 
(2) Urban 
(3) Periurban/slum 
(4) Population not well described 

6 Where were women recruited from? (1) Community 
(2) Health centre  
(3) Hospital  
(4) Other  
     
Specify________________________________ 
 

7 When were women recruited? (1) During pregnancy 
(2) After PROM 
(3) During delivery 
(4) Postpartum 

8 If recruited at ANC, what percentage of 
women attend ANC in the study 
population? 

 

9 If recruited at delivery, what percentage of 
women attend for facility delivery in the 
study population? 

 

10 Place of delivery (select all that apply) (1) Home 
(2) BEmONC centre  
(3) CEmONC centre (Caesarean section 
provided) 
(3) Unknown 
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(4) Other 
       
Specify________________________________ 
 

11 Was a particular subgroup of women 
studied 

(1) None 
(2) Caesarean section 
(3) Diabetes 
(4) Obesity 
(5) Pre-term PROM  
(6) PROM at term 
(7) Preterm labour/delivery 
(8) Induction of labour 
(9) HIV 
(10) Other 

Specify__________________________ 
(11) Other 

Specify__________________________ 
 
 
 
 
 

12 Was the whole study sample comprised of 
women from this subgroup? 

(1) Yes 
(2) No 
(3) N/A 

13 What proportion of the total population of 
pregnant women are in this subgroup? 

 

14 Any other remarks on Study Population  
 
 
 

 STUDY DESIGN AND SAMPLING  

15 Study design                                                                   
 
 
 

(1) Cross-sectional 
(2) Cohort/Longitudinal 
(3) Controlled Trial 
(4) Incidence/Prevalence Survey 
(5) Unknown/unclear 
(6) Other 
                
Specify____________________________  

16 Sampling                                                                       (1) Random sample 
        Specify the method of randomization  
        ______________________________ 
(2) Non-random sample 
        Specify the method of sampling 
        ______________________________ 
(3) Total population (i.e. census or all 
admissions) 
 
(4) Unknown/unclear 
(5) Other 
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            Specify_______________________ 
 

17 Exclusion Criteria  
 
 

18 Of those sampled, how many women 
refused to take part or did not respond? 
 

 
       

19 Were refusers different to those taking part 
in the study? 
 

(1) Yes 
(2) No 
(3) Unknown 

20 Total number enrolled in the study  
 

22 Number of the study subjects lost to follow-
up (or those not included in the final 
analysis for cross-sectional designs and 
RCTs) 
 

 
 
  
 

23 Are the characteristics of the study subjects 
who refused or were lost to follow-up 
different from the rest of the population?                                                        
 

          (1) YES                 (2) NO                 (3) NK 

24 Any other remarks on Design and Sampling  
 
 
 
 
 

 STUDY OUTCOME  

25 What is the definition of sepsis/infection 
used in this study? 
 
 

 

26 What was the denominator (1) Pregnancies 
(2) Women delivered 
(3) Live births 
(4) Live and still births (combined) 
(5) Unknown/unclear 
(6) Other 

Specify____________________________ 
 

27 When did follow-up for infection start? (1) Antepartum 
(2) Rupture of membranes 
(3) Onset of labour 
(4) Postpartum (specify day)__________ 
(5) Unknown/unclear 

 

28  When did follow-up end? (1) Antepartum 
(2) Intrapartum 
(3) Postpartum (specify day)__________ 
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(4) Unknown/unclear 
 

29 Is infection the primary outcome of the 
study? 

(1) YES                 (2) NO                 (3) NK 
 

30 Were other outcomes studied? 
 

(1) YES                 (2) NO                 (3) NK 
 

31 Was Maternal infection the exposure in the 
study? 

(1) YES                 (2) NO                  

32 If yes, what was the outcome?  
 

33 What data source was used to establish the 
outcome of infection for the study? 

(1) Medical Record 
(2) Special Survey/Interview 
(3) Clinical data collected for the study 
(4) Unknown/unclear 
(5) Other 
          
Specify______________________________ 
 

34 Where was the woman assessed to 
establish the outcome of infection? 

(1) Home 
(2) Health centre 
(3) Hospital 
(4) Unknown/unclear 
(5) Other 
          
Specify______________________________ 
 

35 Who diagnosed/identified the infection? (1) Doctor/clinician 
(2) Nurse/midwife 
(3) Other trained health provider 
(4) Lay/community worker 
(5) Unknown/unclear 
(5) Other 
          
Specify______________________________ 
 

36 Was active surveillance used to identify 
women with infection postpartum 

(1) YES                 (2) NO                 
 

37 If yes, describe the method used 
 
 
 

 

38 Any other remarks on study outcome 
 
 
 

 

39 Any other comments  
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MATERNAL Infection  

Incidence  

(i) (ii)  (iii) (iv) 

Outcome 
studied 

No of cases 
(numerator) 

Total deliveries/live births 
(denominator) 

Proportion of women with 
infection 
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Appendix E: Published version of manuscript 3 
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Appendix F: Questionnaire for manuscript 3 

Patient ID Number:_____________ 

Information collected previously from hospital records and last interview: 

Delivery mode: 

a. Vaginal delivery 

b. Caesarean section 

Baby alive at last phone survey? Y/N 

Number of babies:________ 

Introduction 

I am ____________________ from Ifakara Health Institute, phoning to ask questions as part 

of the CLEAN study.  

I would like to ask you about your health since we last spoke 3 weeks ago. 

Is this a convenient time to speak? (If No, arrange another time to call back) 

Are you happy to continue with the survey? Y/N If Yes, continue with maternal questions 

If No, are you happy for the answers from 3 weeks ago and the information from your 

medical records to still be used in the research? Y/N 

Thank her for her time and end.  

Maternal questions 

Firstly, I will ask some questions about your health: 

1. Have you been unwell or suffered any problems/complications since we phoned 

you 3 weeks ago? Y/N If No -> Qu.3 

2. If Yes, Can you describe the problem and any diagnosis given (free-text). 

______________________________________________________________________ 

3. For each of the following symptoms, can you tell me if you have experienced it in 

the last 3 weeks (since we phoned) and if you are still experiencing it today?  

 Symptom Last 3 weeks Y/N Today Y/N 

a. Fever    

b. Abdominal pain   

c. Foul-smelling or pus vaginal discharge   

d. Vaginal bleeding (heavier than 

spotting) 

  

e. Pain passing urine   
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r. Urinary frequency – passing urine 

more often 

  

g. Urinary urgency – need to pass urine 

quickly/difficulty in holding urine 

  

h. At the site of your caesarean section 

(cut/operation on your abdomen) 

  

 I. Pus discharge   

 II. Pain   

 III. Swelling   

 IV. Redness    

 V. Wound breakdown (wound 

edges separated) 

  

i. At the site of a perineal wound (cut 

or tear in the vagina)  

Option of ‘no 

perineal wound’ 

 

 I. Pus discharge   

 II. Pain   

 III. Swelling   

 IV. Wound breakdown (wound 

edges separated) 

  

j. Painful, red breast   

k. Swollen, hard area of the breast   

l. Productive cough (coughing up 

sputum) 

   

m. Difficulty breathing   

 

If No to Qu.1 and all of Qu.3 -> Qu. 7 

4. How many days after giving birth did these symptoms start? 

5. Where did you seek help for these problems? Tell me each place or person. 

a. Hospital where delivered 

b. A different hospital 

c. A lower level healthcare facility 

d. A private clinic 

e. A pharmacist/drug store 

f. A local shop (not a drug store) 

g. A traditional healer/doctor 

h. A family member 

i. A friend/neighbour 

j. Other – describe ___________________________ 

k. Did not seek help - If current symptoms, advise to seek medical help 

6. What diagnosis were you given? (Write ‘unknown’ if the woman does not 

know/remember. Write ‘no diagnosis’ if a diagnosis was not made e.g. if she only 

spoke to a friend or shop owner) 
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_____________________________________________________________ 

7. Have you taken any medicine in the last 3 weeks? (Mark any that apply and give 

name of drugs if known) 

a. Amoxil/amoxicillin 

b. Metronidazole 

c. Ampiclox 

d. Erythromycin 

e. Ciprofloxacin 

f. Alu/duocotexin/Mceto (oral antimalarial) 

g. Iv/im Artesunate/Artemether (antimalarial) 

h. Paracetamol 

i. Other 

j. Unknown treatment 

k. No treatment 

 

8. Have you been readmitted to hospital in the last 3 weeks? Y/N  If No, -> Qu.10 

9. Was it the same hospital where you gave birth? Y/N 

10. When were you readmitted (How many days after giving birth?)____ 

 

11. Are you currently breastfeeding your baby? Yes, exclusive/ Yes, mixed, /No 

For the next questions, I would like you to say how difficult you find the following 

activities – not difficult, a little difficult or very difficult 

12. Washing your whole body? Not at all/little/very 

13. Taking care of your household responsibilities e.g. cleaning/cooking? No 

responsibilities/Not difficult/little/very 

14. Picking up and carrying your baby? Not at all/little/very 

15. Taking care of your baby e.g. washing them? Not at all/little/very 

 

The next few questions ask about how you have been feeling in the last 7 days. These 

statements are about how you have felt in the past week (7 days), not just how you feel 

today. I will read the statements and give you a choice of responses. 

In the last 7 days: 

16.  Have you looked forward to things with enjoyment?  

a. As much as I ever did (0) 

b. Rather less than I used to (1) 

c. Definitely less than I used to (2) 

d. Hardly at all (3) 

17. Have you been so unhappy that you have had difficulty sleeping? 

a. Yes, most of the time (3) 

b. Yes, sometimes (2) 

c. Not very often (1) 

d. No, not at all (0) 
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18. Have you felt sad or miserable? 

a. Yes, most of the time (3) 

b. Yes, sometimes (2) 

c. Not very often (1) 

d. No, not at all (0) 

19. Have you been so unhappy that you have been crying? 

a. Yes, most of the time (3) 

b. Yes, sometimes (2) 

c. Not very often (1) 

d. No, not at all (0) 

20. Have thoughts of harming yourself occurred to you? 

a. Yes, most of the time (3) 

b. Yes, sometimes (2) 

c. Not very often (1) 

d. No, not at all (0) 

Add up all the points for Qu. 13-17. Maximum score is 15.  

If a woman scores 6 or more or has thoughts of harming herself, say to her, “there seem to 

be many things that are making you sad.  This can be common for women who just gave 

birth. Would you like me to speak to your relative? Or would you like to speak to a social 

welfare officer? 

Newborn Questions (if baby was alive at the last phone survey). Otherwise go to Qu.10 

Now I will ask some questions about your baby: 

1. Has your baby been unwell or suffered any problems/complications since we phoned 

you 3 weeks ago? Y/N – If No -> Qu.3 

2. If Yes, Can you describe the problem and any diagnosis given. 

______________________________________________________________________ 

NB If the baby has died, give condolences, then ask sensitively if the mother knows what her 

baby died from and if the baby died at home or in hospital. Free-text any information she 

provides. Offer your condolences again and ask her if she would like to speak to someone 

from the social welfare team. If so, offer to pass on her contact details to them. Go to Qu.10. 

Do not proceed with further questions about the baby.  Text the contact details for the social 

welfare team to her after the interview 

3. For each of the following symptoms, has your baby experienced it in the last 3 weeks, 

and are they experiencing it today?  

 Symptom Last 3 weeks Y/N Today Y/N 

a. Fever    

b. Very cold (low temperature)   

c. Very fast breathing    
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d. Chest indrawing (sucking in the ribs 

when breathing) 

  

e. Convulsions/fits   

f. Poor feeding/not feeding   

g. Only moving when stimulated   

h. Redness around the umbilical cord 

stump 

  

i. Pus discharge from the umbilical cord 

stump 

  

 

If No, to Qu.1 and Qu.3 -> Qu.6 

4. How many days after birth did these symptoms start? 

5. Where did you seek help for your baby? Tell me each place or person. 

a. Hospital where delivered 

b. A different hospital 

c. A lower level healthcare facility 

d. A private clinic 

e. A pharmacist/drug store 

f. A local shop (not a drug store) 

g. A traditional healer/doctor 

h. A family member 

i. A friend/neighbour 

j. Other – describe ___________________________ 

k. Did not seek help - If current symptoms, advise to seek medical help 

6. What diagnosis was your baby given? Write ‘unknown’ if the woman does not 

know/remember. Write ‘no diagnosis’ if a diagnosis was not made e.g. if she only 

spoke to a friend or shop owner 

_____________________________________________________________ 

7. Has your baby had any medicine in the last 3 weeks? (Mark any that apply and give 

name of drugs if known) 

a. Amoxil/amoxicillin 

b. Metronidazole 

c. Ampiclox 

d. Erythromycin 

e. Ciprofloxacin 

f. Alu/duocotexin/Mceto (oral antimalarial) 

g. Iv/im Artesunate/Artemether (antimalarial) 

h. Paracetamol 

i. Other 

j. Unknown treatment 

k. No treatment 

8. Was your baby admitted to hospital in the last 3 weeks? Y/N If No, -> Qu.10 
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9. Was it the same hospital where your baby was born? Y/N 

10. When were they admitted? (How many days since birth?)_____ 

If there is more than one baby (twins/triplets) then repeat all newborn questions 

11. Thank you for your time.  

This is the last time we will phone you as part of this study. Thank you very much for helping 

us.   It is important that you attend your local health facility in 2 weeks’ time for your baby 

to receive their first immunisations.   
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Appendix G: Hospital record extraction form for manuscript 3 

Patient ID Number:______________ 

Date of extraction:_________ 

Date of admission:___________ 

Demographics 

Age of woman: 

Referred from another health facility Y/N 

Address: 

Pregnancy history 

Gravidity (number of pregnancies): 

Parity (number of births at admission): 

Gestational age at birth in weeks: 

Number of babies in this pregnancy: 

Comorbidities 

Diabetes Yes/No/Unknown 

Gestational Diabetes Yes/No/Unknown 

Pre-eclampsia Yes/No/Unknown 

Eclampsia Yes/No/Unknown 

Pregnancy-induced hypertension Yes/No/Unknown 

Antenatal haemorrhage Yes/No/Unknown 

HIV positive Yes/No/Unknown 

Labour 

Premature rupture of membranes Y/N 

Induction of labour Y/N 

Artificial rupture of membranes Y/N 

Augmentation of labour Y/N 

IV line Y/N (look at observation chart) 

Delivery 
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Date of delivery/birth: 

Mode of delivery:  

a. Spontaneous vertex delivery 

b. Breach delivery 

c. Vacuum extraction 

d. Caesarean section 

Episiotomy Y/N 

Perineal tear Y/N 

Perineal sutures Y/N 

Newborn outcomes 

 Stillbirth Y/N If yes, skip to Infection questions 

Apgar score at 5 minutes 

Baby required suction Y/N 

Baby required bag and mask Y/N 

Baby admitted to neonatal ward Y/N 

Baby with suspected sepsis 

Baby received antibiotics Y/N  

Baby alive at discharge Y/N 

Postpartum 

Postpartum haemorrhage Y/N  

Mother’s temperature postpartum: 

Mother alive at discharge Y/N 

Date of discharge:_____ 

Infection/Antibiotic use in mother 

Antibiotics received in labour Y/N.  

If Yes, antibiotics given 

a. Ampicillin 

b. Ampiclox 

c. Metronidazole 

d. Ceftriaxone 

e. Amoxicillin 

f. Gentamicin 
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g. Erythromycin 

h. Benzylpenicillin 

i. Other__________________ 

Reason for antibiotics 

a. Surgical prophylaxis – caesarean section 

b. PROM 

c. Manual removal of placenta 

d. Perineal suture 

e. Haemorrhage (APH/PPH) 

f. Infection 

g. Other:_____________ 

h. Unknown 

Infection diagnosed: 

a. Chorioamnionitis 

b. Urinary tract infection 

c. Respiratory tract infection 

d. Sepsis  

e. Other___________ 

f. Unknown 

Antibiotics received after delivery Y/N 

If Yes, antibiotics given 

a. Ampicillin 

b. Ampiclox 

c. Metronidazole 

d. Ceftriaxone 

e. Amoxicillin 

f. Gentamicin 

g. Erythromycin 

h. Benzylpenicillin 

i. Other_____________________ 

Reason for antibiotics 

a. Surgical prophylaxis – caesarean section 

b. PROM 

c. Manual removal of placenta 

d. Perineal suture 

e. Haemorrhage (APH/PPH) 

f. Infection 

g. Other:_____________ 

h. Unknown 

Infection diagnosed: 
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a. Chorioamnionitis 

b. Urinary tract infection 

c. Respiratory tract infection 

d. Sepsis  

e. Endometritis 

f. Wound infection/SSI 

g. Other___________ 

h. Unknown 
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Appendix H: Ethics approvals for manuscript 2 and 3 
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Appendix I: Reflexivity Statement 

I have prepared a reflexivity statement using some questions suggested by BMJ Global Health 

to reflect on my role as PhD student based in a northern institution who conducted part of 

my PhD work in Tanzania. 

Overall, my PhD addresses the prominent global maternal health issue of infection and 

sepsis. The systematic review of infection came from discussions at the WHO maternity 

morbidity working group, which included regional representation, and the design was 

influenced by the working group’s pre-existing  template for maternal morbidity reviews. In 

applying this template to the specific question of infection, I sought advice from other 

researchers and a librarian at LSHTM with expertise in conducting reviews. I also collaborated 

closely with a Colombian obstetrician and researcher to decide on inclusion criteria and 

infection definitions. 

The results were shared with all co-authors, and within a team at WHO, providing the 

opportunity to comment and contribute to the interpretation. Co-authors of the published 

systematic review included all researchers who assisted with screening and data extraction. 

The second author on the systematic review was the Columbian obstetrician who 

contributed substantially to the design, data collection and interpretation. Another co-

author was from China – she located and screened the Chinese articles, and extracted data 

from the six articles that were included. 

The primary data collection component of my PhD was part of a larger CLEAN study in 

Tanzania.  Prior to starting the PhD I was involved in clinical work and research in parts of 

Africa (including Tanzania) and Asia. Some of this work related to infection prevention in 

maternity units and demonstrated some gaps in infection prevention practices and the 

concerns from healthcare workers about women’s risk of infection. During visits to our study 

hospitals in Dar es Salaam as part of developing the larger CLEAN study, we learnt about 

ongoing government initiatives to improve quality of care with a large focus on infection 

prevention. I also met with health officials who were considering establishing surveillance of 

surgical site infection, and were keen to explore effective methods. However, alongside this 

local and global interest in the subject, I am also aware that I was part of a team specifically 

funded to conduct research into maternal infection and infection prevention. I therefore did 

not consider research into other maternal health issues, or work with local researchers and 
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policy makers to assess where they placed infection in relation to other maternal health 

priorities. 

I discussed the idea for the infection surveillance study with the local PI (from the Ifakara 

Health Institute) for the CLEAN study, consulted him about the details and adapted the 

design following his advice. However, I developed the main study design by myself, with 

input from colleagues at LSHTM. During the course of the study, I learnt that the local PI 

would have preferred more time and resources for training and supervising the data 

collectors, which would have been  likely to have improved the quality of the data collection, 

but would have been difficult to achieve within our budget. We also received feedback from 

the hospital leadership that they had also wished for more involvement in the design, and 

would have preferred their own staff to collect the data, although this was not supported by 

our local PI. On reflection, it would have been beneficial to spend more time in consultation 

with the research institute, the study hospitals and the regional health office before 

designing the study. This may have strengthened the methods, improved the accuracy of 

data collection, encouraged interest in the results and enabled them to be more directly 

applicable to future surveillance or research carried out locally. 

Local researchers received a direct grant from the Soapbox Collaborative to carry out the 

research, and were able to  recruit, train and supervise the data collectors, and to collaborate 

on data cleaning and writing of publications. The grant was small and only lasted for the 

period of data collection and a few weeks afterwards, so it did not fully cover the time 

needed for analysis, interpretation and writing. The larger CLEAN grant supported the local 

PI for a longer period. 

The raw data was entered onto ODK and downloaded in London. Results and analysis of all 

CLEAN study data were shared and discussed with partners at an interpretation workshop, 

and results tables were circulated to all authors of papers. Excel files of the cleaned data are 

stored with the National Institute of Medical Research Tanzania and can be accessed with 

the permission of the local PI (in line with local regulations). 

The research nurses were trained in data collection methods; recruitment and consent of 

participants, use of ODK to enter data, extraction of hospital records and telephone interview 

skills.  There was not scope within the PhD to develop analytical skills of partners beyond 

myself. Co-authors of the published results of the study included the two nurses conducting 

telephone interviews, who also contributed to the interpretation of the results. The other 
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nurses who recruited participants and extracted hospital record data are acknowledged. The 

local PI is included as second author. The plan for the unpublished paper is to have four 

authors from Tanzania, with the local PI as the senior author. 

My PhD has not contributed to improvements in local infrastructure. However, the larger 

CLEAN study aimed to improve knowledge and skills of hospital staff in the practice of 

environmental hygiene through a training programme. Cleaning supplies were also provided. 

A dissemination workshop was held for the CLEAN study, during which my PhD study results 

were shared with local stakeholders including representatives from the study hospitals, 

regional health offices and Ministry of Health. Results were also shared with all the data 

collectors and their views and interpretation were sought. The two papers on infection 

surveillance were circulated for comments. Specific hospital-level results were discussed 

with hospital staff during private discussions after the main workshop. One of the study 

collaborators and co-author of the unpublished paper is from Ministry of Health and in a 

position to apply any relevant results. 

Unfortunately, one of the hospitals did not send any senior staff to the dissemination 

meeting. Ideally there would have been an opportunity to meet with the leadership teams 

and discuss the results in more detail. In addition, it might have been valuable to have a 

number of individual conversations with key stakeholders for example to discuss how the 

results of the surveillance study could feed into. On reflection, devoting more time to this 

exercise would be a valuable way to ensure the results could be taken up. 




