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ABSTRACT

This study assessed the incidence of postpartum infection which is rarely clinically evaluated and is
probably underestimated in developing countries. This prospective study identified infection after
vaginal delivery by clinical and laboratory examinations prior to discharge from hospital and again at
six weeks postpartum in Ho Chi Minh City, Viet Nam. Textbook definitions, physicians' diagnoses,
symptomatic and verbal autopsy definitions were used for classifying infection. Logistic regression
was used for determining associations of postpartum infection with socioeconomic and reproductive
characteristics. In total, 978 consecutive, eligible consenting women were followed up at 42+7 (range
2-45) days postpartum (not associated with incidence). Ninety-eight percent took 'prophylactic' antibio-
tics. The most conservative estimate of the incidence of postpartum infection was 1.7%. The incidence
of serious infection was 0.5%, but increased to 4.6% when verbal autopsy and symptomatic definitions
were used. Postpartum infection, particularly serious infection, is greatly underestimated. Just prevent-
ing or treating infection could have a substantial impact on reducing maternal mortality in developing
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countries.
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INTRODUCTION

Almost all (99%) maternal mortality occurs in develop-
ing countries (1). The World Health Organization (WHO)
claims infection to be the primary cause of 15% of mater-
nal mortality (2). However, as a secondary or undetected
primary cause, infection may account for a portion of
the maternal mortality attributed to haemorrhage (25%),
unsafe abortion (13%), and other direct and indirect
causes (27%). This may explain why a meta-analysis
of developing-country data found infection accounted
for a substantially-higher proportion of maternal mor-
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tality—contributing nearly 30% of the direct causes of
maternal mortality (3). From this perspective, just pre-
venting or treating infection in developing countries
could greatly reduce mater-nal mortality.

Historical patterns of maternal mortality in Western
Europe and the United States also suggest that infec-
tion contributed to a much larger proportion of obste-
tric morbidity and mortality than that currently attribu-
ted to infection (4). Before 1937, puerperal fever was
the single greatest cause of maternal mortality in England
and Wales, where a 20% decline in maternal mortality
rate (MMR), from 1880 to 1920, is attributed to the in-
creased use of aseptic techniques and reduction of un-
necessary interference, both of which reduce maternal
infection (4).

Sixty percent of maternal deaths occur in the post-
partum period (2). Yet, in developing countries, care
after delivery is uncommon and generally sought for the
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newborn rather than for the mother; therefore, postpar-
tum infection is rarely observed or clinically measured
and may be greatly underestimated (3,5). In the very
few countries where receipt of postpartum care is reported
at all, only 30% of women receive postpartum care (6).
In developing countries, postpartum infection is usually
assessed by self-reported symptoms, and its contribu-
tion to maternal deaths is usually evaluated by 'verbal
autopsy' (7) (a history of events as recalled by those
with the woman at the time of her delivery and death),
because nearly 50% of births and a greater proportion
of maternal deaths occur at home (6). These estimates
of postpartum infection are very inaccurate (8-13). Hence,
this study was designed to assess the incidence of seri-
ous and non-serious postpartum infections in two hos-
pitals in Viet Nam to determine whether postpartum in-
fection is underestimated. We conducted a prospective
study in Viet Nam, where 70% of women deliver insti-
tutionally (6), in an urban (Hung Vuong Hospital) and
semi-rural, peripheral (Cu Chi Hospital) setting in Ho
Chi Minh City where the quality of obstetric care permits
accurate diagnosis and careful measurement of non-
surgical postpartum infection.

The objective of the study was to assess the incidence
of postpartum infection in settings where infection can
be accurately identified and where its incidence is likely
much lower than that in women delivering in less hy-
gienic circumstances, at home or in clinics, where most
maternal mortality occurs (14), to judge whether post-
partum infection is underestimated.

We assumed the rate of serious obstetric infection
not associated with surgical intervention in Viet Nam
might be similar to that observed in a British study
conducted in 1929 (15). We considered the 1929 British
environment to be similar to the present-day Viet Nam
environment in the sense that aseptic techniques are used
for preventing infection but socioeconomic conditions
and nutritional status are less than ideal. We also hypo-
thesized that the incidence of puerperal and postpar-
tum infections would be four times greater than serious
obstetric infection, perhaps similar to that observed in
post-caesarean patients in Hung Vuong (9%), assuming
that the rate was largely underestimated. The hypothe-
sized incidence of postpartum infection and serious
postpartum infection is, respectively, 50 and 20 times
greater than the 1999 reported rate of postpartum infec-
tion in Ho Chi Minh City (0.16%, unpublished govern-
ment statistics). The reported rate underestimates the

incidence of postpartum infection as only the few wo-
men who return for postpartum visits and are diagnosed
with serious postpartum infection are included in the
numerator, while all deliveries are included in the deno-
minator of the estimate.

Based on this information, we hypothesized the
incidence of puerperal and postpartum infection to be
10£3% and of serious obstetric infection (Table 1 for
definition of "any serious postpartum infection" cate-
gory) to be 2.5+1.5% to ensure an adequate sample to
test the second hypothesis (with the largest sample size
requirements) with an a error of 0.05 and a two-sided
test, requiring a sample of 416 participants (16). Based
on past research at these hospitals, we expected a 285%
follow-up rate. To compensate for a potential 15% loss
to follow-up, the study attempted to enroll 500 women
in each hospital.

MATERIALS AND METHODS

Sample

In total, 19,000 deliveries took place at the Hung Vuong
Hospital in 1999, and of these, 22% were caesarean
deliveries. Quality of care at the Hung Vuong Hospital
is among the best in the country. Results of a longitu-
dinal study showed that the incidence of post-caesare-
an infection was 9% with 3-4% severe infection (17);
these rates are high considering that most post-operative
postpartum women return for re-evaluation and univer-
sal prophylactic antibiotic administration to women with
surgical deliveries during their hospitalization. Yet, these
rates are likely underestimates as routine laboratory ana-
lysis of post-caesarean patients was not conducted (17).
In the year before this study (2000), the reported severe
postpartum infection rate at the hospital was 0.2% (un-
published service statistics), although only 7% returned
for their recommended postpartum examination as did
a similar percent of symptomatic women.

Cu Chi is an impoverished district located 40 km
(about 1.5-hour drive) from Ho Chi Minh City. The two
district hospitals provide care akin to rural district hos-
pitals, but have the clinical and laboratory capacity to
correctly implement the study. The study was conducted
in the larger hospital, with 1,200 deliveries in 1999. As
with Hung Vuong, most women with vaginal deliveries
do not routinely return to the Cu Chi Hospital for postpar-
tum care, and prior postpartum infection, per se, or caesa-
rean rates were not reported in the Cu Chi Hospital.
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Table 1. Definitions of postpartum infection

Condition

Definition

Febrile morbidity (18)
Postpartum infection (19)

Puerperal and postpartum sepsis (19)

Endometritis (18)

Other RTI, excluding endometritis (18)

Symptomatic UTI (18)

Breast abscess (18)
Pelvic abscess (20)
Chorioamnioitis (21)

Verbal autopsy sepsis (WHO
algorithm) (7)

Symptoms of puerperal sepsis
(WHO algorithm) (19)

Oral temperature =38 °C on any two occasions in the first 10 days,
excluding the initial 24 hours

Oral temperature >38.5 °C on any occasion in the first 10 days,
excluding the initial 24 hours

Any two:

Pelvic pain, temperature >238.5° C on any occasion, abnormal vaginal
discharge (pus), abnormal odour of discharge, delay in the rate of
reduction of the size of the uterus (<2 cm/day in first 8 days from
20 cm to 2 cm above the symphysis pubis)

Purulent drainage from uterus and any two: Temperature >38 °C,
abdominal pain, uterine tenderness

Organism isolated from blood culture or physicians' diagnosis
and any two:
Temperature >38 °C, nausea, vomiting, pain, tenderness, or dysuria

Definition 1. Urine culture of >10° colonies/mL urine with <2 species
of organisms and any one:

Temperature >38 °C, urgency, frequency, dysuria, suprapubic
tenderness

or

Definition 2 (includes 2a and 2b)

2a. Any two:

Temperature >38 °C, urgency, frequency, dysuria, suprapubic
tenderness

and

2b. Any one:

Pyuria (=10 WBC/mL3 or =3 WBC/high power field of unspun urine),
organisms on Gram stain of unspun urine, two urine cultures with
repeated isolation of the same uropathogen with =10 colonies
>10?/mL urine in non-voided specimens,* urine culture with <105
colonies/mL urine of single uropathogen in patient being treated
with appropriate antimicrobial therapy, physicians' diagnosis of
symptomatic UTI, physician institutes appropriate antimicrobial
therapy

Breast abscess or other evidence of infection seen during surgery
or by histopathologic examination*

Pelvic mass after day 5 and any one:
Ileus unresponsive to antibiotics, continued fever, pain

Temperature >38 °C in the presence of PROM and in the absence
of some other explanation for the elevated temperature

High fever during 6-week postpartum period, history of other
illnesses during pregnancy, and any of the following: foul-smelling
discharge, prolonged labour, PROM, retained placenta, manipula-
tions during pregnancy, stiff neck, meningitis, jaundice, hepatitis.

History of pelvic pain, fever, foul-smelling vaginal discharge

Contd. . .
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Table 1—Contd.

Condition

Definition

Symptomatic UTI (WHO
algorithm) (19)

Physicians' diagnosis of sepsis

Any postpartum infection
(calculated estimate)

Any postpartum infection, including
physicians' diagnosis of sepsis

Any postpartum infection, including
verbal autopsy and symptoms sepsis

Any postpartum infection, including
verbal autopsy, symptoms, and
physicians' diagnosis of sepsis

Any serious postpartum infection

Any serious postpartum infection,

Frequency and painful urination (dysuria)

Predischarge or postpartum physicians' diagnosis sepsis or
septicaemia or maternal death due to sepsis

Any one: Febrile morbidity, postpartum infection, puerperal and
postpartum sepsis, endometritis, other RTI, excluding endometritis,
symptomatic UTI, breast abscess, pelvic abscess, chorioamniotis
(as defined above)

Any one: Calculated estimate of any postpartum infection, any
physicians’ diagnosis of sepsis (as defined above)

Any one: Calculated estimate of any postpartum infection, sepsis
WHO verbal autopsy algorithm, puerperal sepsis WHO symptom of]
algorithm, UTT WHO symptom algorithm

Any postpartum infection, including verbal autopsy or physicians'
diagnosis of sepsis

Postpartum infection, puerperal and postpartum sepsis, endometritis,
pelvic abscess, chorioamniotis

Postpartum infection, puerperal and postpartum sepsis, endometritis,

including physicians' diagnosis of sepsis

Any serious postpartum infection,
including verbal autopsy and symptoms
of sepsis

Any serious postpartum, including verbal
autopsy, symptoms, and physicians'
diagnosis of sepsis

pelvic abscess, chorioamniotis, any physicians' diagnosis of sepsis

Any serious postpartum infection, sepsis WHO verbal autopsy
algorithm, puerperal sepsis WHO symptom algorithm

Postpartum infection, puerperal and postpartum sepsis, endometritis,
pelvic abscess, chorioamniotis, sepsis WHO verbal autopsy
algorithm, puerperal sepsis WHO symptom algorithm, any
physicians' diagnosis of sepsis

WHO=World Health Organization

* Jtalicized items not conducted at Hung Vuong Hospital or for the study
PROM=Premature rupture of membranes; RTI=Reproductive tract infection; UTI=Urinary tract infection

Since the total burden of infection in hospital deliveries
(but not in clinic or home births) is highly dependent on
surgical intervention, women with caesarean deliveries
were ineligible for this study. Thus, women delivering
vaginally were considered more similar to those delive-
ring at home or in clinics. The sample cohort consists
of all eligible, consenting women presenting to the Cu
Chi Hospital attended by its five obstetricians and all eli-
gible, consenting women attended by three of numerous
obstetricians at the Hung Vuong Hospital. In 2001, wo-
men who had vaginal deliveries, provided informed con-
sent and were willing to be followed through their sixth
week postpartum were enrolled on Monday through
Friday (over 5 months at Hung Vuong Hospital and, due

to lower patient volume, 7 months at Cu Chi Hospital).
Women were interviewed prior to discharge to obtain
sociodemographic and other information (gestation, obs-
tetric history, and medications) that might be associated
with the incidence and severity of infection. Hospital
records were systematically reviewed to supplement
these data.

Postpartum infection can only be accurately identi-
fied where the clinical and laboratory diagnostic capacity
is adequate, generally in hospitals, and requires multi-
ple observations of various conditions to avoid missing
infection. Clinicians' diagnosis based on their examina-
tion in combination with the biologic markers as speci-
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fied in Table 1, measured at two points in time, prior to
hospital discharge after delivery, and at six weeks post-
partum, and a third measurement for women presenting
for an unscheduled visit within six weeks of delivery,
were used by the researchers to classify infection. In
addition to these standard definitions, classification of
postpartum infection based on clinical diagnoses and on
the WHO verbal autopsy criteria are also reported (7).
The researchers used the criteria in Table 1 for classi-
fying the various infections, rather than solely relying
on clinicians' diagnosis as diagnoses frequently vary
between physicians. Episiotomy and wound infections
were excluded from the estimates of infection unless
the infection could not be attributable to surgical inter-
vention (1 case).

Data collection

Participating clinicians, trained in data collection, received
a week-long didactic and competency-based training
on the identification of infection to standardize exami-
nation procedures, diagnosis, and treatment. Invasive
procedures (blood, urine or culture samples) were limi-
ted to the standard recommended and used by the Hung
Vuong Hospital (Table 1). Blood samples were obtained
to verify the condition if puerperal sepsis was suspected
based on clinical examination and/or reported symptoms.

Sufficient information was requested to locate women
in their homes for follow-up with their permission. Prior
to discharge, women were given a special-study follow-
up appointment card which they presented on return
for clinical examination at six weeks after delivery and
for unscheduled postpartum care. Approximately one
week before women's scheduled follow-up, women re-
ceived a letter or phone call to remind them of their fol-
low-up visit, and those who did not return for their fol-
low-up appointment were finally followed up at home
(with their consent) and rescheduled for the postpartum
follow-up visits within seven days. To maximize fol-
low-up, the transportation cost for follow-up visits was
reimbursed, and soap and baby powder were given to
each mother at presentation.

Data analysis

Data were double-entered into an Epi Info 6 database
at the Hung Vuong Hospital, and cleaned and analyzed
using SPSS for Windows version 11. Unadjusted analyses
were conducted to describe reproductive health and socio-
economic status, labour and delivery conditions. Student's
t-test and the Mantel-Haenszel chi-square statistic were

used for comparing rates by hospital. Binary logistic
regression analyses were conducted to determine whether
the incidence of infection was affected by the number
of days at which the postpartum assessment was con-
ducted. Backward stepwise logistic regression analy-
ses were conducted to determine the associations of
socioeconomic and reproductive health characteristics
with postpartum infection.

The study was conducted in accordance with the Dec-
laration of Helsinki and approved by the institutional
review board of the Population Council and by the Ho
Chi Minh City Health Authority. The principal investi-
gator (NTNN) monitored the implementation of the
study, and the co-investigators (TST and LKBL) super-
vised and monitored the data collection. All women with
evidence of infection were provided or referred for
standard treatment when postpartum morbidity was
observed.

RESULTS

All eligible women in both the hospitals consented to
participate in the study. Of the 500 eligible women con-
secutively enrolled at Hung Vuong, none was lost to
follow-up. Of 494 women at Cu Chi, 16 (3.2%) were lost
to follow-up. Only six women returned for an additional
unscheduled postpartum visit.

The mean age of the women was 26+6 (range 14-
44) years (Table 2). The mean parity and gravidity were
1.6+.8 and 1.8+1.1 respectively, with an interval of 48+31
months between the current and the prior delivery for
443 multiparous women. The mean gestation was 39+2
weeks. However, these data were missing for 31% with
an unknown date of the last menstrual period. On aver-
age, women weighed 55+7 kg after delivery. The aver-
age height of women (153+£9 cm) was less than the
10th percentile of U.S. standards (22). Almost all (99.3%)
women were married or in stable unions and were Viet-
namese (96.4%), and the majority (55.3%) were house-
wives.

Most (86.1%) women had episiotomies, commonly
conducted in Viet Nam to prevent perineal tears, although
this practice is contra-indicated by current evidence,
and 18.4% had tears of grade 3 or above (Table 3). There
were few cases of antepartum or postpartum haemor-
rhage, retained placenta and/or membranes, multiple
gestation, placenta previa, or maternal tachycardia, and
no cases of eclampsia, uterine rupture, or maternal death.
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Table 2. Sociodemographic and reproductive health characteristics (mean£SD)

Inter-delivery interval (months)
Gestation at delivery (weeks)

Characteristics Hung Vuong (n=500!)  Cu Chi (n=478!) Total (n=9781)
Patient's age (years) 27.25+5.82 25.34+5.08 26.3245.55%*=
Gravidity 1.91+1.07 1.75+1.08 1.83+1.08+*
Parity 1.55+0.73 (499) 1.57+0.88 1.56:0.80 (977)
Prior livebirths 1.54+1.06 1.52+0.78 1.53+0.93

44.8+32.1(262)
38.7342.45 (346)

Weight (kg) 55.6+8.4 (496)
Height (cm) 153.4+7.3 (496)
Last year of school completed 7.78+3.32
Number of household members 5.2442.63

52.8428.8 (183)
39.41+1.48 (327)

48.1431.0 (445)%*
39.142.06 (673)***

54.06.0 54.8+7.4 (974)x+*

152.5+10.0 153.048.8 (952)
7.56+2.55 7.6742.97
4.50+1.76 4.8842 27 w#x

I 1 unless otherwise noted

Difference between hospitals * p<0.05; ** p<0.01; *** p<0.001

Table 3. Labour and delivery characteristics (%)

Characteristics Hung Vuong (n=500) Cu Chi (n=478) Total (n=978)
Blood pressure >2140/90 1.8 2.8 23
Maternal tachychardia 0.0 0.2 0.1
Type of labour
Spontaneous only 79.4 67.6 73.6%%
Spontaneous augmented 8.2 10.7 9.4
Induced 0.6 0.0 0.3
Other 11.8 21.5 17.0
PROM 1.8 0.0 0.9#=
Episiotomy 85.8 86.4 86.1
Lower genital tract laceration 6.8 5.6 6.2
Perineal tear >Grade 3 29.4 4.8 184+
Abnormal uterine contractions 0.6 7.5 4.0+
Antepartum haemorrhage 0.8 0.8 0.8
Pre-eclampsia 2.8 0.8 1.8*
Multiple gestation 0.4 0.0 0.2
Placenta previa 0.2 0.0 0.1
Postpartum haemorrhage 0.8 0.6 0.7
Mean£SD blood loss (mL) 218+56 198+51 208+54++*
Retained placenta, membranes 0.0 0.8 0.4+

PROM=Premature rupture of membranes

Difference between hospitals * p<0.05; ** p<0.01; *** p<0.001

Women were followed up within 4247 (range 2-45)
days postpartum (Table 4). Most women were seen >42
days postpartum (81% overall, 87% in Hung Vuong, 72%
Cu Chi, p<0.001). Most women (98.3%) had not been
sexually active since delivery (with more active at Hung
Vuong, p<0.01). Ninety-eight percent (96% Hung Vuong,
100% Cu Chi, p<0.05) received antibiotics before dis-
charge, as had all but one of 53 women identified with
postpartum infection. The antibiotics taken were mostly
amoxicillin, ampicillin, and cephalexin (89% were ad-
ministered orally, 3% intravenous/intramuscular, and 8%

by both the routes of administration, all for an average
of 4+1 days). Most maternal infection was identified at
the Hung Vuong Hospital (as expected women's char-
acteristics at the hospitals were different), a major refer-
ral centre for the region. There were no cases of pelvic
abscess or reproductive tract infections (RTIs) other than
endometritis. No cases of febrile morbidity, postpartum
infection, puerperal and postpartum sepsis, endometri-
tis, symptomatic urinary tract infection (UTI), breast
abscess, or chorioamnioitis were identified at the Cu
Chi Hospital. At the Hung Vuong Hospital, febrile mor-
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bidity was identified in 0.8%, postpartum infection in
0.6%, and puerperal and postpartum sepsis in 0.4% of
the women. Symptomatic UTI was identified in 2% of
the women, symptoms of sepsis were identified in two
(0.4%) women, and endometritis, breast abscess, and
chorioamnionitis were each identified in one (0.2%)
woman at the Hung Vuong hospital.

lower risk for almost all infection indices (Table 5).
Multiple birth increased the risk of any postpartum
infection with or without physicians' diagnosis of sep-
sis. Vietnamese ethnicity and gestation were inversely
and maternal weight directly associated with single,
but different indices of infection. The number of
household members increased the risk for serious infec

Table 4. Incidence of postpartum infection, % (95% CI)

Condition Hung Vuong (n=500) Cu Chi (n=478) Total (n=978)
Any postpartum infection 3.4 (2.0-5.4) 0 (0-0.8)+ 1.7 (1.0-2.8)%**
Any postpartum infection, including

physicians' diagnosis of sepsis 3.6 (2.1-5.6) 0.2 (0.0-1.2) 1.9 (1.2-3.0)%**
Any postpartum infection, including verbal

autopsy and symptoms of sepsis 6.6 (4.6-9.1) 3.4(1.9-5.4) 5.0 (3.7-6.6)*
Any postpartum infection, including verbal

autopsy, symptoms, and physicians'

diagnosis of sepsis 7.0 (4.9-9.6) 3.8(2.2-5.9) 5.4 (4.1-7.0)*
Any serious postpartum infection 1.0 (0.3-2.3) 0 (0-0.8)+ 0.5 (0.2-1.2)*
Any serious postpartum infection, including

physicians' diagnosis of sepsis 1.2 (0.4-2.6) 0.2 (0.0-1.2) 0.7 (0.3-1.5)
Any serious postpartum infection, including

verbal autopsy and symptoms of sepsis 5.6 (3.6-8.0) 3.6 (2.1-5.6) 4.6 (3.4-6.1)
Any serious postpartum, including verbal

autopsy, symptoms, and physicians'

diagnosis of sepsis 5.8 (3.9-8.2) 3.8 (2.2-5.9) 4.8 (3.6-6.3)
Days postpartum at scheduled follow-up 42.5 (42.1-42.9) 40.6 (39.8-41.4) 41.5 (41.1-41.9)#=x
visit (mean) (477) (977)

Took antibiotics before hospital discharge 96.0 (93.9-97.5) 100.0 (99.2-1)F  98.0 (96.9-98.7)***
Sexual intercourse since delivery 2.8 (1.5-4.7) 0.6 (0.1-1.8) 1.7 (1.0-2.8)**
Difference between hospitals * p<0.05; ** p<0.01; *** p<0.001

+ One-sided exact

CI=Confidence interval

The most conservative estimate of any postpartum in-
fection was 1.7% (none was identified at Cu Chi,
p<0.001). Serious infections accounted for about one-
third of these rates. Using the verbal autopsy and symp-
tomatic definitions increased these estimates dramati-
cally to 5.0% for any postpartum infection (6.6% at
Hung Vuong and 3.4% at Cu Chi, p<0.05) and to 4.6%
for any serious postpartum infection (5.6% at Hung
Vuong and 3.6% at Cu Chi, not significant). Inclusion
of physicians' diagnosis of sepsis or septicaemia only
increased these estimates slightly (0.2-0.4%). All six
women making unscheduled postpartum visits were
identified with postpartum infection, four solely on the
basis of symptoms. None of the indices of postpartum
infection was associated with timing of postpartum exa-
mination or antibiotic exposure. Premature rupture of
membranes (PROM) (only 2 women with infections had
PROM) and sexual abstinence were associated with

tion using verbal autopsy and symptom information.
There were no other associations with socioeconomic
or reproductive characteristics. Labour and delivery cha-
racteristics are available upon request for the 53 women
identified with any postpartum infection.

The most conservative estimate, any postpartum infec-
tion, was substantially less than the hypothesized range
(7-13%). Including verbal autopsy, symptoms, and phy-
sicians' diagnosis in the definition of any postpartum
infection produced an incidence for both the hospitals
combined that was approximately half that was hypo-
thesized (observed 5.4% vs hypothesized 10%). This
incidence at the Hung Vuong Hospital, however, was
equivalent to the lower range (7%) hypothesized.

The most conservative estimate of serious postpar-
tum infection for both the hospitals combined, 0.5%, was
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also about half of the lower range (1.0%) hypothesized.
Again, this rate at the Hung Vuong hospital, 1.0%,
was equivalent to the lower hypothetical range of 1.0%
to 3.5%. The estimates of serious infections, includ-
ing verbal autopsy and symptom definitions, 4.6% (5.6%
at Hung Vuong and 3.6 at Cu Chi), surpass the study's
highest hypothetical range (3.5%), even at the Cu Chi
Hospital alone.

minimum rate of serious maternal infection would be
0.9% in developing countries and 0.02% in Viet Nam
where MMR averages 160 (1). The study's most conser-
vative estimate of infection (1.7%) for both the hospi-
tals combined is 10 times that reported in Ho Chi Minh
City in 1999 (0.16%). At the Hung Vuong Hospital, this
estimate was 3.6%, 18 times that reported (0.2%) there
in the year prior to this study. Verbal autopsy and symp-

Table 5. Significant associations with incidence of postpartum infection

Condition

OR (95% CI)

Any postpartum infection
PROM
Multiple birth
Sexual abstinence

PROM

Multiple birth
Vietnamese
Sexual abstinence

Sexual abstinence

diagnosis of sepsis
PROM
Sexual abstinence
Any serious postpartum infection

Weight (kg)
PROM

Sexual abstinence
Gestation (weeks)
Gestation (missing)

of sepsis
Number of household
members
Sexual abstinence

diagnosis of sepsis
Number of household members
PROM
Sexual abstinence

Any postpartum infection, including physicians' diagnosis of sepsis

Any postpartum infection, including verbal autopsy and symptoms of sepsis

Any postpartum infection, including verbal autopsy, symptoms, and physicians

Any serious postpartum infection, including physicians' diagnosis of sepsis

Any serious postpartum infection, including verbal autopsy and symptoms

Any serious postpartum, including verbal autopsy, symptoms, and physicians'

0.10 (0.01-0.89)
26.0 (2.5-268.2)
0.06 (0.01-0.24)

0.05 (0.01-0.30)
27.3 (2.6-282.9)
0.20 (0.05-0.78)
0.07 (0.02-0.26)

0.13 (0.04-0.39)

Al

0.19 (0.04-1.01)
0.13 (0.04-0.39)

1.16 (1.02-1.31)
0.02 (0.00-0.81)
0.002 (0.00-0.07)
0.55 (0.31-0.97)
31.72 (1.11-904.9)

13 (1.01-1.26)
0.11 (0.04-0.32)

1.14 (1.02-1.27)
0.15 (0.03-0.79)
0.11 (0.04-0.33)

CI=Confidence interval, OR=0dds ratio, PROM=Premature rupture of membranes

DISCUSSION

The study found the incidence of postpartum infection
to be considerably greater than expected if the incidence
was limited to the percent of maternal mortality thought
attributable to infection. Assuming MMR averages
585/100,000 livebirths in developing countries and 15%
of that is attributable to serious maternal infection, the

tom definitions rendered the incidence of serious infec-
tion to over 30 times that locally reported.

The study represents women with lower expected
rates of infection than those in less hygienic environ-
ments. The study may also underestimate postpartum
infection because infection was only measured at two
points in time, with the exception of the six women with
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unscheduled follow-up visits. The large differences bet-
ween the samples of the hospitals and incidence of post-
partum infection could reflect selective referral of women
requiring tertiary hospital care from secondary care faci-
lities or difference in days postpartum at observation.
However, the characteristics of the sample, labour and
delivery conditions, and antibiotic exposure can only
account for the difference in postpartum infection rates
to the extent they are related. Although the Hung Vuong
patients had slightly less antibiotic exposure and saw
more women >42 days postpartum, these were not sta-
tistically associated with the incidence of postpartum
infection. Nor do the few, generally inconsistent asso-
ciations with characteristics of women, explain the dif-
ferences between sites. Although the investigators attemp-
ted to standardize diagnostic and data-collection proce-
dures between the two study hospitals, the very diffe-
rent rates of elevated white blood cell counts between
the hospitals (0.8% in Hung Vuong, 14.6% in Cu Chi)
suggest that there were differences in diagnostic and
reporting capacity between the secondary and the terti-
ary hospitals.

The nearly-universal postpartum "prophylactic’ expo-
sure to antibiotics may have contained less serious infec-
tions at the expense of proliferating more serious post-
partum infections that result from prior exposure and
antibiotic resistance or from inadequacy of 'prophylac-
tic' doses to prevent serious infection. The benefits and
harm of prophylactic antibiotic administration merit fur-
ther investigation. Regardless of the widespread use of
antibiotics, the observed incidence of postpartum infec-
tion appears similar to that of Western Europe in the
early 1900s (4). While antibiotics are widely available
in developing countries, they may be frequently mis-
used, and their misuse may render women more prone to
severe postpartum infection.

There are compelling reasons to believe that the con-
tribution of postpartum infection to maternal mortality
is greater than generally purported. This study found
postpartum infection to be greatly underestimated in a
sample of women with low risk of infection, those deli-
vering vaginally in hospitals where they receive good
care. The extent of underestimation of postpartum infec-
tion and its contribution to maternal mortality is likely
greater in less hygienic circumstances where maternal
mortality is more common. Continued poor access
of women to adequate delivery care has been cited as
the main reason for the slow progress in reducing ma-

ternal mortality over the past 15 years (23). Less than
50% of women in developing countries deliver in health-
care facilities, and even fewer have access to adequate
essential obstetric care (5). Most who die give birth under
sub-optimal, unhygienic conditions that contribute to in-
fection and death. Further efforts are needed to deter-
mine the extent to which feasible mechanisms, such as
improving postpartum services to ensure examination,
detection, and treatment of infection, avoiding harmful
postpartum practices (for example, sexual intercourse),
and providing supplementation of micronutrients to re-
duce the incidence and severity of infection, can prevent
maternal mortality in developing countries where it
mostly occurs, outside of healthcare facilities (24). Such
mechanisms could likely avert a greater proportion of
maternal deaths than presently expected.
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