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HIV/AIDS, tuberculosis (TB), and malaria (ATM) are 3
major global public health threats that undermine development in low- and middle-income countries [1].
Approximately 5 million lives are lost annually as a result
of these infections, with substantial humanitarian, economic,
and social impact, which is still not fully measured [1]. The
three infections are not only associated with poverty but also
occur in the same geographic zone and have major public
health implications [2]. The consequences of interactions
between the diseases are particularly serious for reproductive
health. They often intersect in pregnancy, resulting in poor
maternal and fetal outcomes. As access to their treatment
is increasing in low-income countries and new and cheaper
alternative drugs are being deployed, there is also the potential for interactions between their treatments, which
aﬀects the eﬃcacy of each drug.
The co-infected pregnant women are at a very high risk of
anaemia and infection of the placenta; hence a considerable
proportion of children born to women with HIV, TB and
malaria infection have low birth weight and are more likely
to die during infancy [3–5]. Also, there is the risk of mother
to child transmission of the infections.
Globally, an estimated 342,900 maternal deaths occur
annually and more than 99% of these occur in low- and
middle-income countries [6]. It is barely four years to the
target for the attainment of Millennium Development Goal
(MDG) 5, which seeks to reduce the maternal mortality
ratio (MMR) by three-fourths. The three leading causes
of these deaths have remained hemorrhage, infections, and
hypertensive disorders [6, 7]. Local and regional variations

do exist, however in sub-Saharan Africa, and Asia, infection
as a result of HIV epidemic, resurgence of TB, and the
ubiquitous malaria is a major cause [7].
Malaria is the most common of the three infections and
it is estimated that over 50 million women are exposed to
the risk of malaria in pregnancy annually [8]. Malaria infection in pregnancy results in substantial maternal, fetal, and
infant morbidity and mortality, accounting for 75 000–
200 000 infant deaths yearly [9]. It causes diverse adverse
pregnancy outcomes, including maternal anaemia and low
birth weight due to preterm delivery and fetal growth
restriction. Pregnant women are more susceptible than nonpregnant women to malaria, and this susceptibility is greatest
in the first and second pregnancy. Susceptibility to malaria
during pregnancy probably represents a combination of immunological and hormonal changes associated with pregnancy, combined with the unique ability of a subset of
infected erythrocytes to sequester in the placenta [9].
In the same settings of malaria, HIV infection has continued to remain a major public health challenge and thus
have been described as a deadly combination, especially in
pregnancy [5]. Available evidence confirms that HIV-positive
women are at greater risk of maternal death and morbidity
[10]. In high burden areas, which also have the highest
rates of maternal mortality, HIV is beginning to reverse the
progress in safe motherhood [10]. HIV-infected women confront stigma, discrimination, and violence that compromise
their health and may put their lives and their oﬀspring at
risk. In some situations they have been refused services for
labour and delivery and/or have been given substandard
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services [10]. The estimates of the contribution of HIV and
TB infections to overall maternal mortality vary greatly by
region [11]. All are certainly underestimates because the HIV
status of many women is not known, and HIV contributes
to increased mortality related to pregnancy even beyond 42
days postpartum, the period during which maternal health
is calculated [5]. Areas with high HIV prevalence and high
maternal mortality also have lower rates of antiretroviral
treatment and higher levels of diseases and conditions that
can be exacerbated by both HIV infection and pregnancy
[12].
There are several ways in which HIV is believed to contribute to elevated maternal mortality and morbidity. HIV
infection is associated with an increase in direct complications such as anaemia, postpartum haemorrhage, and puerperal sepsis [11, 13]. In addition, both HIV infection and
pregnancy may increase susceptibility to other diseases that
aﬀect pregnancy outcome such as tuberculosis, malaria, and
pneumonia [9, 12, 14]. Pregnancy itself renders women more
vulnerable to acquiring HIV infection. Finally, women who
are HIV positive and pregnant may receive lower quality care
for both pregnancy and HIV due to discrimination by health
care providers [10].
Globally, tuberculosis has increased over the past two
decades, with the largest burden of disease borne by impoverished communities in the same geographic areas where
malaria and HIV are endemic [13]. While it is known that
the deterioration in socioeconomic conditions, poorly functioning national tuberculosis-control programmes, and multidrug resistance have to varying extents contributed to
the resurgence of tuberculosis, the main driving force has
been the pandemic of HIV-1 infection [13]. A considerable
overlap exists in the age groups commonly aﬀected by
tuberculosis and HIV [15, 16].
The current understanding of the human immune response to malaria, HIV, and TB leads us to expect the three
infections to influence the clinical outcome of each other as
well as that of pregnancy. Each of the infections is expected
to accelerate the progression of the other and thus impacts
heavily on pregnancy, not only in terms of the morbidity
and mortality but also on the transmission of the infections
to the unborn child [3–5, 8]. The eﬀects of HIV infection
on maternal health are superimposed on those of malaria
in low-income countries, where over 1 million pregnancies
annually are complicated by malaria-HIV coinfection [3,
4]. With the documented 20–30% rate of HIV and TB
coinfection in these same settings, it is safe to state that at
any given time, more than 300,000 pregnancies are triply
infected by HIV, malaria, and TB. Such pregnancies are
associated with higher malaria parasite densities, HIV viral
load, and a higher risk of maternal anaemia, low birthweight, and perinatal and infants morbidity and mortality
[3–5, 8]. While HIV and TB infection aﬀects all pregnancies,
the HIV-associated risk of malaria is consistently greater in
multigravida [3–5, 8]. Furthermore there are risks of poorer
response to malaria prophylaxis and treatment with HIV and
also adverse drug reaction during pregnancy [9].
At the clinical level, the interactions between the infections are complex and bidirectional [9]. Although the
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morbidity and mortality attributable to each infection in the
presence of the other are not fully understood, interactions
that are likely to have significant clinical consequences have
been described [9, 14]. Each infection exacerbates the other:
Malarial and TB infections of the placenta increase placental
viral load, thus increasing the risk of vertical transmission
of HIV. On the other hand, HIV-infected pregnant women
have reduced antimalarial and TB immunity and higher
prevalence rates of malaria and TB [15–17, 16]. TB-infected
pregnant women are more susceptible to HIV and malaria
infection compared to their noninfected counterparts [3–5].
Though the burden and the consequences of the interaction and intersection of the three infections in pregnancy
are frightening, the real tragedy is the failure to make low
cost and eﬀective interventions tools available to the women.
These tools and interventions include prevention of mother
to child transmission of HIV (PMTCT), Intermittent Prophylactic Therapy (IPTp), Long-Lasting Insecticide Treated
Nets (LLINs), and infection control practices (ICPs). The
prize of the slow or nondeployment of evidence-based and
low cost tools is the avoidable human tragedy called maternal
and infant mortality.
The regions with high HIV, malaria, and TB burden
further suﬀer from the world’s most pronounced crisis in
human resources for health [18]. This shortage is compounded by the discussed infections especially the HIV/AIDS
pandemic. It is therefore only reasonable to consider human
resource issues while trying to prevent and control the infections. One strategy that has been suggested and evaluated is
the reassignment of clinical roles by shifting tasks to diﬀerent
cadres of health workers. For examples nurses and midwives
may become involved in prescribing drugs, lay counselors
involved in testing, and patients may be engaged in taking
over some elements of their own care [18].
Halting and reversing the human tragedy due to the
deadly trio of HIV, malaria, and TB requires not only the
deployment of the evidence-based prevention and management tools already available but also the integration of
various services into the existing maternal and child health
care services utilizing available human resource. However,
the best model for deployment of such tools in low-income countries has not yet been identified. Operational
research is therefore required to determine the best models of
integration and deployment of these services through testing
of existing models
Eﬀort at addressing the challenge of HIV, TB, and malaria
in pregnancy should address all sexual and reproductive
health services as one entity rather than in units. Many of
the interventions that would improve their outcomes such as
family planning, antenatal and delivery care, including access
to emergency obstetric services are general issues applying to
all women. The integration of TB, malaria, and HIV services
into existing maternal, newborn, and child health care programmes and task shifting seems to be the ideal strategy to
reverse the human toll due to the three infections.
Oliver Ezechi
Karen Odberg Pettersson
Josaphat Byamugisha
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Background. The need for a high level of adherence to antiretroviral drugs has remained a major hurdle to achieving maximal
benefit from its use in pregnancy. This study was designed to determine the level of adherence and identify factors that influence
adherence during pregnancy. Method. This is a cross-sectional study utilizing a semistructured questionnaire. Bivariate and
multiple logistic regression models were used to determine factors independently associated with good drug adherence during
pregnancy. Result. 137 (80.6%) of the interviewed 170 women achieved adherence level of ≥95% using 3 day recall. The desire
to protect the unborn child was the greatest motivation (51.8%) for good adherence. Fear of being identified as HIV positive
(63.6%) was the most common reason for nonadherence. Marital status, disclosure of HIV status, good knowledge of ART, and
having a treatment supporter were found to be significantly associated with good adherence at bivariate analysis. However, after
controlling for confounders, only HIV status disclosure and having a treatment partner retained their association with good
adherence. Conclusion. Disclosure of HIV status and having treatment support are associated with good adherence. Maternal
desire to protect the child was the greatest motivator for adherence.

1. Introduction
The introduction of highly active antiretroviral therapy
(HAART) has not only improved longevity in HIV-infected
individuals but in addition has had a significant impact on
the rate of mother-to-child transmission of HIV infection
(MTCT) [1]. Mother-to-child transmission is one of the
modes of HIV transmission. Vaginal delivery contributes 60–
70% of MTCT, breastfeeding contributes 20–30%, while inutero infection could occur in less than 10% of MTCT [2].
Without preventive intervention, about 25–40% of infants
born to HIV-positive mothers will contract the virus [2].
Following introduction of HAART, the rates of mother-tochild transmission of HIV infection has practically crashed to
less than 2% [3, 4]. However, the success of HAART, like any
medication, is dependent on both the intrinsic properties of
the drugs and the individual’s ability to take the medication
as prescribed [5]. This is particularly true in the prevention
of mother-to-child transmission, where the consequence of
failing to achieve viral suppression is the transmission of the

virus to the baby [5]. Adequate adherence to the prescribed
antiretroviral medications is essential to achieving maximal
viral suppression necessary to prevent MTCT [4].
Adherence rates exceeding 95% are necessary, in order to
maximize the benefits of antiretroviral therapy. Higher levels
of drug adherence are associated with improved virological,
immunological, and clinical outcome [6].
Poor adherence to antiretroviral drugs during pregnancy
can lead to suboptimal viral suppression, development of
viral resistance, higher risk of mother-to-child transmission,
and mother-to-child transmission of resistant HIV strains
[5].
Interrupting medication permits the virus to resume rapid replication and as many as 1010 viral particles will be produced per day [7].
This allows resistant mutant strains to be generated
which are no longer responsive to available antiretroviral
drugs, posing a public health danger [7].
Adherence to antiretroviral drugs poses unique challenges to HIV infected persons particularly in pregnant women
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[7]. Improving adherence among pregnant women therefore
requires knowledge of the factors that influence adherence.
Several methods have been used to measure adherence,
but no gold standard has been established [8]. Each of these
methods has its respective strengths and weaknesses. Available methods include pill counts, self-report, prescription
refills, medication event monitoring system (MEMS), biological markers, and assays [4, 9].
Though several studies in Nigeria have evaluated the
factors associated with nonadherence to antiretroviral therapy among HIV-positive adults [10–12], only one from
literature search studied antiretroviral adherence issues in
HIV-positive pregnant women [4].
They deduced from their study that the determinants of
nonadherence to antiretroviral drugs in HIV-positive pregnant women were low level of education, nondisclosure of
HIV status, and longer duration of therapy [4].
Good adherence is imperative for the success of PMTCT.
This study, therefore, seeks to find out if there is good adherence to antiretroviral drugs among HIV-positive pregnant
women.
The main objective of this study is to determine the level
and factors that influence adherence to antiretroviral drugs
among HIV-positive pregnant women accessing PMTCT
services in Lagos Nigeria.
Research Questions
(1) What is the level of adherence to antiretroviral drugs
among pregnant women?
(2) What are the barriers to adherence in pregnancy?
(3) What factors facilitate adherence among pregnant
women?

2. Method
2.1. Study Setting. The study was conducted at the HIV treatment Centre of the Nigerian Institute of Medical Research
(NIMR), Lagos, a Federal Government of Nigeria Comprehensive HIV Care and Treatment Centre. NIMR is supported
by AIDS Prevention Initiative in Nigeria (APIN) through
the United States president’s emergency fund for AIDS relief
(PEPFAR), funding since 2004. The Centre provides an
outpatient Prevention of Mother-To-Child-Transmission of
HIV Infection (PMTCT) services, in addition to adult and
pediatric HIV services. Pregnant women who tested positive
to HIV are referred from the NIMR HIV counseling and
testing centre or other public and private health institutions
to the PMTCT clinic which takes place once a week, on
Wednesdays. Intrapartum care is provided for these women
in collaboration with some hospitals within Lagos metropolis
which include Lagos University Teaching Hospital Idi Araba,
Lagos State University Teaching Hospital Ikeja, General
Hospital Surulere, General Hospital Apapa, General Hospital
Ikorodu, Havana Specialist Hospital Surulere, and Rao
Specialist Hospital Surulere. Antenatal, postnatal, and infant
post exposure prophylaxes are provided by NIMR. Health
workers from the collaborating centres have been trained on
intrapartum care of HIV-positive mothers both by NIMR

and the national HIV programme. Each woman on the
PMTCT programme is referred to any of the collaborating
centres, close to their place of residence at 36 weeks or as
soon as possible for late booking. The referral note usually
contains detailed information about their chosen mode of
delivery, infant feeding choice, client’s Viral Load, and CD4
count. Infant postexposure prophylaxis drugs and mother’s
antiretroviral drugs are given to the women on referral. The
women are sent back to the centre at 2 weeks postdelivery
with a completed Case Record Form (CRF) designed specifically to capture all delivery-related information. Information
on the CRF is used to complete the postnatal data base. The
Home-Based Care Team contacts any of the women who did
not report back 2 weeks after the expected date of delivery.
This is to ascertain the reasons for the default.
2.2. Study Design. This is a cross-sectional study that was
carried out between 1st September 2009 and 31st November
2009. A semistructured questionnaire was administered to
the women who met the inclusion criteria and gave consent
to participate in the study. Knowledge of ART was measured
by asking some basic questions, which were graded. A score
above 70% was classified good while below 70% was not
good. Adherence was measured by expressing the number
of doses taken as a percentage of the number of doses
prescribed. For example if 20 doses are prescribed and 19
doses are taken, adherence is 95% [13].
2.3. Study Population. All pregnant women with known
gestational age either by date or early ultrasound seen during
the study period and who gave informed consent were
enrolled. At the time of the conduct of the study, a total of 273
pregnant HIV-positive women were registered for PMTCT
services. The study aimed for a precision of ±5% for a
proportion of 50% using 95% confidence interval, therefore,
a sample size of 70 subjects was required. In order to increase
the power of the study, we decided to enroll all pregnant HIVpositive women who attended PMTCT clinic between 1st
September and 31st November 2009 provided the minimum
sample size of 70 is met.
2.4. Data Management. The enrolled women were interviewed using a semistructured questionnaire containing
closed and open-ended questions. The open-ended questions
were included to give the women opportunity to freely
express themselves without boxing them into closed answers.
Information on demographics, socioeconomic characteristics, knowledge of HIV, and antiretroviral drug medication,
adherence pattern, reasons for missing drugs, and factors
that encourage adherence were also contained in the questionnaire. Data management was with SPSS for windows
version 17. The P value was based on 95% confidence
intervals (CI); a P value > 0.05 was not significant (NS).
Descriptive analyses were first performed followed by
bivariate analyses of the determinant factors associated with
good adherence. The variables that were found significant
at this level were added to a multivariate logistic regression
model and those with a P-value < 0.05 were considered
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significant in the final multivariate model, calculating odds
ratios (OR) and 95% confidence interval (CI).

Table 1: The sociodemographic characteristics of the women enrolled in the study.

2.5. Ethical Issues. Ethical approval for the study was obtained from the Institutional Review Board, Nigerian Institute of Medical Research, Lagos, Nigeria. Written informed
consent was obtained from all women for the use of their
data for study however, women who declined consent to
participate in study were provided care but excluded from
research.
The clinic patients are organized into an independent
support group of people living with HIV (Positive Life
Organization of Nigeria) that ensures that patients are not
stigmatized and discriminated against. This group ensures
that no patient is denied requisite care because of failure to
participate in any of our studies including this study.

Characteristics

3. Results
During the three months study period, one hundred and seventy eligible HIV-positive pregnant women consented and
were interviewed. One hundred and thirty seven (80.6%) of
the interviewed women reported achieving adherence level
of greater or equal to 95% using 3 day recall method, with a
nonadherent rate of 19.4%.
The sociodemographic characteristics of the respondents
are shown in Table 1. Majority of the women were aged
30–34 years (52.4%), married (77.1%), have at least one
living child (70.0%), employed/working (76.5%), had at least
secondary education (81.1%), and from the three major
ethnic tribes of Yoruba, Igbo, and Hausa (84.1%).
Pregnancy and HIV-related characteristics are summarized in Table 2. One hundred and forty seven (86.5%)
women had disclosed their HIV status and their disclosure
was to their partners in most of the cases (97.3%). The
majority of the women were on first line HAART regimen
(58.2%), while the rest of the women were either on nonHAART prophylactic regimen (24.7%) or 2nd line HAART
regimen (17.1%). Only 20.0% and 22.9% of the women
have had previous PMTCT experience and were within the
first trimester, respectively. Their knowledge of HIV and
antiretroviral therapy were very good as over 85% of the
respondent had very good knowledge. The use of treatment
support was relatively common as greater than half of the
women had a treatment supporter (55.9%) who is the
husband in 89.5% of the cases.
The outcome of subanalysis of reasons given for adhering
to the antiretroviral drugs as prescribed, among the women
that had adherence level greater 95%, is shown in Table 3.
The desire to ensure that the unborn child is protected from
HIV infection was the greatest motivation (51.8%). Some of
the written expression of the women, expressing the desire to
protect the child as the motivation for adherence includes “I
want to protect my baby,” “I do not want to live with the guilt of
infecting my baby,” and “I learnt my baby will not be infected
if I take my drugs religiously.” The desire to remain healthy
and alive was the other motivator for adhering to the ARV
drugs (21.2%). These are some of the respondents’ written
expression “I want to live long train my children and fulfill my

Age (years)
(i) <20
(ii) 20–24
(iii) 25–29
(iv) 30–34
(v) 35–39
(vi) ≥40
Number of living children
(i) 0
(ii) 1–2
(iii) >2
Marital status
(i) Married
(ii) Not married
Occupation
(i) Housewife
(ii) Unemployed
(iii) Employed/Working
Educational level completed
(i) No formal education
(ii) primary
(iii) Secondary
(iv) Tertiary
Ethnic group
(i) Yoruba
(ii) Igbo
(iii) Hausa
(iv) Other tribes

Number of women (%)
N = 170
2 (1.2)
20 (11.8)
43 (25.3)
89 (52.4)
13 (7.6)
3 (1.8)
51 (30.0)
67 (39.4)
52 (30.6)
131 (77.1)
39 (22.9)
35 (20.6)
5 (2.9)
130 (76.5)
3 (1.8)
29 (17.1)
99 (58.2)
39 (22.9)
78 (45.9)
52 (30.6)
13 (7.6)
27 (15.9)

life dreams,” “To keep me healthy, as I was always on admission
in the hospital before I started treatment. I am now okay since
I started the ARV drugs.”
The reasons given by the nonadherent respondents for
missing or skipping their drugs are shown in Table 4.
Forgetfulness (57.6%), tight work schedule (39.4%), and
fear of being identified as HIV positive (63.6%) were the
common reasons for skipping or missing drugs among the
nonadherent women. The respondents expressed this in
written form, for example, “I get stuck in traﬃc sometimes on
my way home from work and am not comfortable carrying my
drugs around or taking them in the public.”
Table 5 shows the bivariate analysis of some possible
factors associated with good drug adherence. Of the nine
variables, only four variables which are marital status (P =
0.023), disclosure of HIV status (P = 0.000), good knowledge of HIV, and ART (P = 0.001 and having a treatment
supporter (0.002) were found to be significantly associated
with good adherence. However, after subjecting the variables
found to be significantly associated with good adherence
to multiple logistic regressions while controlling for other
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Table 2: The distribution of pregnancy and HIV related characteristics of the women enrolled in the study.
Characteristics
HIV status disclosure
(i) Disclosed
(ii) Not disclosed
ARV drug regimen
(i) Mono and Dual therapy
(ii) First line HAART
(iii) 2nd line HAART
Gestational age (weeks)
(i) Less than 13
(ii) 13–28
(iii) Greater or equal to 29
Previous PMTCT experience
(i) Yes
(ii) No
Knowledge of HIV and ART
(i) Good
(ii) Poor
Has treatment supporter
Yes
No

Number of women (%)
N = 170
147 (86.5)
23 (13.5)
42 (24.7)
99 (58.2)
29 (17.1)
39 (22.9)
52 (30.6)
79 (46.5)
34 (20.0)
136 (80.0)
146 (85.9)
24 (14.1)
95 (55.9)
75 (44.1)

Table 3: Reason for adherence to ARV drugs among respondents
with over 95% drug adherence.
Reason for Adherence
To protect my unborn child
To stay healthy and alive
As I was told by counselors
Informed by my previous
PMTCT experience
∗

No of respondents (%)∗
71 (51.8)
29 (21.2)
27 (19.7)
16 (11.7)

No of respondents greater than 137 because of multiple responses.

Table 4: Reasons for missing drugs among the 33 respondents that
had less than 95% adherence.
Reason for nonadherence
Forgetfulness
Slept oﬀ
Work schedule
Religious activity
Food requirement of the drug
Afraid of someone identifying
my drug as HIV drugs
∗

No of respondents (%)∗
19 (57.6)
11 (33.3)
13 (39.4)
9 (27.3)
7 (21.2)
21 (63.6)

No of respondents greater than 33 because of multiple responses.

potential confounders, only HIV status disclosure (odds
ratios: 6.1; CI: 2.8–11.6) and having a treatment partner
(odds ratios: 2.5; CI: 1.3–6.7) retained their association with
good adherence.

4. Discussion
Eﬀective strategies to reduce mother-to-child transmission
of HIV infection are well known and well established [1, 3].
These include the use of ARV drugs, avoiding unplanned and
unwanted pregnancy in HIV-positive women, safe delivery
and infant feeding options, reduction of unwarranted and
unnecessary surgical intervention during pregnancy and
labor, prevention of prolonged rupture of membrane, and
so forth [1, 3]. Research has also shown that at undetectable
viral load, it is possible to achieve zero mother to child
transmission of HIV infection [1]. Antiretroviral drugs can
only achieve the required eﬀect at adherence level of at least
95% [14]. Poor adherence to antiretroviral drugs has been
reported to be the major challenge to achieving the goal of
antiretroviral therapy [15]. Many factors have been cited as
reasons for nonadherence in HIV-positive adults [10–12, 15–
18], but relatively few adherence studies have been done in
HIV positive pregnant women [4, 19]. Apart from factors
preventing adherence in nonpregnant adults, the nausea and
vomiting of pregnancy and possible eﬀect of the drugs on
the fetus are additional factors that makes adherence in
pregnancy a challenge.
We conducted this study not only to provide this scarce
information on adherence in pregnancy but also to generate
information that will assist during adherence counseling
for pregnant HIV positive women accessing PMTCT services.
The nonadherence rate of 19.4% among our cohort,
though comparable to 21.7% reported by Igwegbe et al.
in South Eastern Nigeria is much lower than 37.1% and
37.4% reported by Olowookere et al. [10] and Shaahu et al.
[11], respectively, from Southwestern Nigeria where present
study was conducted. Considering that our study and that
of Igwegbe et al. [4] was among pregnant women unlike
the two studies by Olowookere et al. [10] and Shaahu et
al. [11], it seems that adherence is better in pregnancy. It
is not surprising that women are willing and ready to do
anything, to ensure the wellbeing of their oﬀspring. The
above statement was confirmed in this study in which 51.8%
of the adherent women gave the reason of protecting their
unborn child from HIV infection as the major motivator
for taking their drug as prescribed. The eﬀect of vomiting
and nausea of pregnancy was not noticed in this study,
as majority of the women are referred patients after HIV
diagnosis. At the time, these women present to NIMR HIV
treatment centre, the nausea and vomiting of pregnancy
would have subsided.
The free services oﬀered at NIMR, compared to other
centres, may have played a great role, as cost of drugs and
laboratory services have been shown to be a major barrier
to antiretroviral drug adherence [18, 20]. The adherence
rate of 99% reported by Jones and Barthlomew [19] among
194 pregnant women where services were completely free
gives credence to this assertion. The adherence level of 99%
reported above also showed that we need to do a lot of work
on issues of adherence. Presently, all patients are counseled
prior to the initiation of antiretroviral therapy, but there
is need to reevaluate counseling methods and techniques
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Table 5: Factors associated with good adherence among the respondents.

Factors
Age (years)
(i) <20
(ii) 20–35
(iii) ≥35
Number of living children
(i) 0
(ii) 1–2
(iii) >2
Marital status
(i) Married
(ii) Not married
Occupation
(i) Unemployed
(ii) Employed/Working
Educational level
completed
(i) Less than secondary
(ii) At least Secondary
HIV status disclosure
(i) Disclosed
(ii) Not disclosed
Previous PMTCT
experience
(i) Yes
(ii) No
Knowledge of HIV and
ART
(i) Good
(ii) Poor
Has treatment supporter
Yes
No

Adherent respondents (%)
N = 137

Nonadherent respondents
(%) N = 33

OR (95% CI)

P value

2 (1.5)
123 (89.8)
12 (8.8)

0
28 (84.9)
5 (15.1)

1.00
1.00
2.56 (0.85–7.85)

0.08

42 (30.7)
57 (41.6)
38 (27.7)

9 (27.3)
10 (30.3)
14 (42.4)

0.82 (0.28–2.44)
1.00
2.10 (0.78–5.75)

0.88

119 (86.9)
18 (13.1)

12 (36.4)
21 (63.6)

(1.13–6.79)
1.00

0.23

28 (20.4)
109 (79.6)

12 (36.4)
21 (63.6)

1.00
0.45 (0.18–1.11)

0.09

26 (19.0)
111 (81.0)

6 (18.2)
27 (81.8)

1.00
1.05 (0.36–3.18)

0.89

131 (95.6)
6 (4.4)

16 (48.5)
17 (51.5)

(3.06–23.6)
1.00

0.000

31 (22.6)
106 (77.4)

3 (9.0)
30 (91.0)

2.92 (0.78–12.92)
1.00

0.13

124 (90.5)
13 (9.5)

22 (66.7)
11 (33.3)

4.77 (1.73–13.22)
1.00

0.001

85 (62.0)
52 (38.0)

10 (30.3)
23 (69.7)

3.76 (1.55–9.26)
1.00

0.002

where necessary, aiming to achieve the 99% adherence level
reported by Jones and Barthlomew [19].
Encouraging the women to come along with a treatment
supporter for the counseling sessions prior to initiation of
antiretroviral therapy preferably the partners would help in
educating the partners appropriately and improving adherence in the long run.
Apart from reviewing the counseling techniques, the
knowledge of the adherence counselors also needs to be evaluated as their beliefs and attitudes are central to eﬀective
counseling.
Among the nonadherent women, similar reasons reported in other studies for missing drugs were found [4, 10,
11, 18]. It, therefore, shows that pregnancy related factors
are not the reasons for missing antiretroviral drugs during
pregnancy, but as a result of other personal and sociocultural
factors. Stigma and discrimination remain an important
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factor militating against quality HIV care, as 63.6% of
women in this study expressed the reason for missing their
drugs as afraid of being identified as HIV positive. There
is, therefore, the need for continued campaign against stigma and discrimination if we must improve adherence to
antiretroviral drugs and uptake of other HIV-related services.
The findings of HIV status disclosure and having a
treatment support as factors associated with good adherence
after controlling for potential confounders is in agreement
with previous studies [8]. With the disclosure of HIV status
to partners, who in most cases is the husband, he will not
only provide support but will act as treatment partner for
the spouse. We, therefore, need to encourage these women, to
disclose their status to get the maximal benefit of disclosure.
It is important, however, to note that women should not be
forced to disclose their status, as HIV status disclosure has
been reported to be accompanied by partner violence [21].
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Instead women who decline to disclose should be counseled
and encouraged until they feel safe to disclose.
It is important to state that self-report used to measure
adherence is not the gold standard for adherence measurement, but it has been reported to be suﬃcient enough to
assess adherence when pill count is not possible and electronic devices and blood ARV blood measurement are not
feasible [15].

5. Conclusion
In conclusion, this study has shown that good adherence is
achievable during pregnancy, however, more has to be done
to achieve adherence rate of 99% reported elsewhere. The
identified reasons for nonadherence and the eﬀects of status
disclosure and having a treatment partner will be used to
improve adherence counseling process.
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Tuberculosis (TB) was declared a public health emergency by WHO in 2005. The disease is a significant contributor to maternal
mortality and is among the three leading causes of death among women aged 15–45 years in high burden areas. The exact incidence
of tuberculosis in pregnancy, though not readily available, is expected to be as high as in the general population. Diagnosis of
tuberculosis in pregnancy may be challenging, as the symptoms may initially be ascribed to the pregnancy, and the normal weight
gain in pregnancy may temporarily mask the associated weight loss. Obstetric complications of TB include spontaneous abortion,
small for date uterus, preterm labour, low birth weight, and increased neonatal mortality. Congenital TB though rare, is associated
with high perinatal mortality. Rifampicin, INH and Ethambutol are the first line drugs while Pyrazinamide use in pregnancy is
gaining popularity. Isoniazid preventive therapy is a WHO innovation aimed at reducing the infection in HIV positive pregnant
women. Babies born to this mother should be commenced on INH prophylaxis for six months, after which they are vaccinated with
BCG if they test negative. Successful control of TB demands improved living conditions, public enlightenment, primary prevention
of HIV/AIDS and BCG vaccination.

1. Introduction

2. Microbiology of Tuberculosis

Tuberculosis (TB) is believed to be nearly as old as human
history. Traces of it in Egyptian mummies date back to about
7000 years ago, when it was described as phthisis by Hippocrates [1]. It was declared a public health emergency in the
African Region in 2005 [1] and has since continued to be a
major cause of disability and death. About 9.4 million new
cases of tuberculosis were diagnosed in 2009 alone and 1.7
million people reportedly died from the disease in the same
year, translating to about 4700 deaths per day [2].
About one-third of the world’s population (estimated to
be about 1.75 billion) is infected with the tubercule bacillus
[3]. As much as 75% of individuals with TB are within the
economically productive age group of 15 to 54 years. This significantly impairs socioeconomic development, thereby perpetuating the poverty cycle [4].
Tuberculosis has been on the rise in tandem with HIV/
AIDS. This is because people with HIV/AIDS, whose immune systems are weakened have with a 20–37 times the
risk of developing a progressive disease compared with HIVnegative individuals [4].

Mycobacterium tuberculosis, an aerobic, non-spore-forming,
nonmotile bacillus, is one of five members of the Mycobacterium tuberculosis complex, others being M. bovis, M. ulcerans, M. Africanum, and M. microti, though M. tuberculosis is
the major human pathogen. It belongs to the family Mycobacteriaceae. Other Mycobacterium species that may infect
humans include Mycobacterium leprae, M. avium, M. Intracellulare, and M. scrofulaceum.

3. Pathophysiology
Tuberculosis aﬀects almost every organ in the body, but the
usual site of the disease is the lungs, accounting for more than
80 percent of tuberculosis cases [5]. The pattern of the infection in HIV positive patients may, however, be diﬀerent, with
increasing trends towards extrapulmonary spread [6].
Almost all tuberculosis infections are caused by inhalation of infectious particles aerosolized by coughing, sneezing,
talking, or manipulation of infected tissues. Other modalities
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of transmission may, however, include ingestion of unpasteurised milk and direct implantation through skin abrasion
or the conjunctiva. Aerosolized tuberculosis particles with
sizes ranging between 1 and 5 um are carried to the terminal
air spaces of high-airflow areas, where multiplication of the
tubercle occurs. Following phagocytosis by pulmonary macrophages, a granulomatous reaction may be initiated, in
conjunction with the regional lymph nodes, thereby forming
the Ghon’s focus. The bacilli remain in a state of dormancy
within the Ghon’s focus, from where they may later become
reactivated.

4. Tuberculosis in Pregnancy
The wide array of opinion of Medical practitioners on tuberculosis in pregnancy simply reflects the Public Health significance of the condition. It is best described as a doublededged sword, one blade being the eﬀect of tuberculosis on
pregnancy and the pattern of growth of the newborn, while
the other is the eﬀect of pregnancy on the progression of
tuberculosis.
Tuberculosis not only accounts for a significant proportion of the global burden of disease, it is also a significant
contributor to maternal mortality, with the disease being
among the three leading causes of death among women aged
15–45 years [2].
The exact incidence of tuberculosis in pregnancy is not
readily available in many countries due to a lot of confounding factors. It is, however, expected that the incidence of tuberculosis among pregnant women would be as high as in
the general population, with possibly higher incidence in
developing countries.
Earlier study by Schaefer reported a new case rate of
18–29/100,000 in pregnancy, which was similar to the 19–
39/100,000 reported for the city of New York [7]. A recent
United Kingdom study, however, quoted an incidence of 4.2
per 100,000 maternities [8], which may be a reflection the
current global fall in the incidence of the disease [2].

5. Effects of Pregnancy on Tuberculosis
Researchers from the days of Hippocrates have expressed
their worries about the untoward eﬀects that pregnancy may
have on preexisting tuberculosis. Pulmonary cavities resulting from tuberculosis were believed to collapse as a result
of the increased intra-abdominal pressure associated with
pregnancy. This belief was widely held till the beginning of
the fourteenth century! Indeed, a German physician recommended that young women with TB should get married
and become pregnant to slow the progression of the disease.
This was practiced in many areas till the 19th century [9],
while in the early 20th century, induced abortion was recommended for these women [10, 11]. Researchers like
Hedvall [12] and Schaefer [7], however, demonstrated no net
benefit or adverse eﬀect of pregnancy on the progression of
TB. Frequent, consecutive pregnancies may, however, have a
negative eﬀect, as they may promote recrudescence or reactivation of latent tuberculosis.
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It is, however, important to note that the diagnosis of tuberculosis in pregnancy may be more challenging, as the
symptoms may initially be ascribed to the pregnancy. The
weight loss associated with the disease may also be temporarily masked by the normal weight gain in pregnancy.

6. Effects of Tuberculosis on Pregnancy
The eﬀects of TB on pregnancy may be influenced by many
factors, including the severity of the disease, how advanced
the pregnancy has gone at the time of diagnosis, the presence
of extrapulmonary spread, and HIV coinfection and the
treatment instituted.
The worst prognosis is recorded in women in whom a diagnosis of advanced disease is made in the puerperium as
well as those with HIV coinfection. Failure to comply with
treatment also worsens the prognosis [13].
Other obstetric complications that have been reported in
these women include a higher rate of spontaneous abortion,
small for date uterus, and suboptimal weight gain in pregnancy [14, 15]. Others include preterm labour, low birth
weight and increased neonatal mortality [13]. Late diagnosis
is an independent factor, which may increase obstetric morbidity about fourfolds, while the risk of preterm labour may
be increased ninefolds [15–18].

7. Tuberculosis and the Newborn
Congenital tuberculosis is a rare complication of in utero tuberculosis infection [19] while the risk of postnatal transmission is significantly higher [20]. Congenital tuberculosis
may be as a result of haematogenous spread through the umbilical vein to the foetal liver or by ingestion and aspiration of
infected amniotic fluid [21]. A primary focus subsequently
develops in the liver, with involvement of the peri-portal
lymph nodes. The tubercle bacilli infect the lungs secondarily, unlike in adults where over 80% of the primary infections
occur in the lungs [5].
Congenital tuberculosis may be diﬃcult to distinguish
from other neonatal or congenital infections from which
similar symptoms may arise in the second to the third week
of life. These symptoms include hepato-splenomegaly, respiratory distress, fever, and lymphadenopathy. Radiographic
abnormalities may also be present but these generally appear
later [13]. The diagnosis of neonatal tuberculosis may, however, be facilitated by employing a set of diagnostic criteria
developed by Cantwell et al. [22], including the demonstration of primary hepatic complex/caseating granuloma on
percutaneous liver biopsy at birth, tuberculous infection of
the placenta, or maternal genital tract tuberculosis, and the
demonstration of lesions during the first week of life. The
possibility of postnatal transmission must be excluded by
a thorough investigation of all contacts, including hospital
staﬀs and attendants.
As much as half of the neonates delivered with congenital
tuberculosis may eventually die, especially in the absence of
treatment [7, 23–26].
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8. Diagnosis of Tuberculosis in Pregnancy

9. Culture

To diagnose this condition, history of exposure to individuals
with chronic cough or recent visit to areas endemic with tuberculosis should be obtained. History of symptoms, which
is likely to be the same as in nonpregnant women, is also
essential. Caution must, however, be exercised, as these
symptoms may be nonspecific in pregnancy [27, 28]. These
symptoms include night sweat, evening pyrexia, haemoptysis, progressive weight loss, and chronic cough of over 3
weeks duration. There may also be a history of ineﬀective
attempts at antibiotics therapy [27, 29].
In pregnant women with suggestive symptoms and signs
of TB, a tuberculin skin test should be carried out. This has
since been accepted to be safe in pregnancy [21, 30]. The
debate, however, is about the sensitivity of tuberculin test
during pregnancy. Earlier reports suggested diminished tuberculin sensitivity in pregnancy [31], while recent studies
revealed no significant diﬀerences in the pregnant and nonpregnant populations [27, 32–35].
The two types of tuberculin skin tests are discussed
below.

The traditional culture on Lowenstein-Jensen’s medium may
take 4–6 weeks to obtain a result. This may, however, still be
useful in cases of diagnostic doubts and management of
suspected drug-resistant tuberculosis [38]. Newer diagnostic
tools are now available to facilitate diagnosis, including the
liquid Bactec culture medium, which has been endorsed by
WHO. Other culture media that could be used include the
modified Lowenstein’s medium, Petragnani medium, Trudeau Committee medium, Peizer’s medium, Dubos Middlebrook media, Tarshis blood agar, Middlebrook’s 7-H3, Middlebrook’s 7-H9, and Middlebrook’s 7H-10 media [38]. Liquidisation and decontamination with N-Acetytl-L-Cysteine
in 1% Sodium Hydroxide solution before inoculation may
enhance sensitivity [38].
M. tuberculosis produces niacin and heat-sensitive catalase and it lacks pigment. It may, therefore, be diﬀerentiated
from other mycobacterium species using these features.
Others include reduction of nitrates and its isoniazide sensitivity, which may, however, not be reliable in cases of INH
resistance.
Molecular Line Probe Assay (LPA) as well as the use of
polymerase chain reaction (PCR) are presently facilitating
the specific identification of the tubercle bacilli [37].

8.1. Tine Test. This test utilises an instrument with multiple
needles that are dipped in a purified form of the TB bacteria
called old tuberculin (OT). The skin is pricked with these
needles and the reaction is analysed 48–72 hours later. It
is, however, no longer popular except in large population
screening.
8.2. Mantoux Test. A single-needle intradermal injection of
0.1 mL of purified protein derivative (5 Tuberculin units) is
administered, and the skin reaction is analysed 48–72 hours
later, based on the largest diameter of the indurations developed. It is a more accurate and reproducible test than the
Tines test.
False-positive results may be obtained in individuals who
had previously been vaccinated with the BCG vaccine, those
with previously treated tuberculosis, as well as in people with
infection from other Mycobacterium species. False negatives
on the other hand are commonly due to a compromised immune system and technical errors [36].
A chest radiograph with abdominal lead shield may
be done after the tuberculin skin testing, though pregnant
women are more likely to experience a delay in obtaining a
chest X-ray due to concerns about fetal health [27].
Microscopic examination of sputum or other specimen
for Acid-fast bacilli (AFB) remains the cornerstone of laboratory diagnosis of TB in pregnancy. Three samples of sputum should be submitted for smear, culture, and drug-susceptibility testing. Staining for AFB is also done, using the
Ziehl-Neelsen, fluorescent, Auramine-Rhodamine, and the
Kinyoun techniques [37]. Light-emitting diode (LED) fluorescent microscopy has recently been introduced to improve
diagnosis [37]. According to the WHO’s 2009 report on
global TB control, the percentage of new cases of smear-positive TB detected ranged between 56 and 68%. The staining
techniques may, therefore, not suﬃcient for the diagnosis of
TB, as smear-negative cases will be missed [37].

10. Treatment of Tuberculosis
“Untreated tuberculosis represents a far greater hazard to a
pregnant woman and her fetus than does treatment of the
disease” [39].
The management of tuberculosis in pregnancy is a multidisciplinary approach, with the team comprising the obstetrician, communicable disease specialty personnel, neonatologists, counselling unit, and public health oﬃcials.
Treatment is achieved through the use of Directly Observed Therapy, Short Course (DOTS). This therapy entails
the use of combination therapy for at least 6 months, depending on the combination of antituberculous agents that
are available. This combination includes isoniazide and rifampicin compulsorily, supported by ethambutol and pyrazinamide [40–44].
For patients with drug-susceptible TB and good drug
adherence, these regimens will cure around 90% of TB cases.
Treatment is done on out-patient basis, unless otherwise indicated [37].
The use of these first-line antituberculous drugs in pregnancy are considered safe for the mother and the baby by
The British Thoracic Society, International Union Against
Tuberculosis and Lung Disease, and the World Health Organisation [16, 45].
10.1. Isoniazide. INH is safe during pregnancy even in the
first trimester, though it can cross the placenta [11]. The
women must, however, be followed up because of the possibility of INH-induced hepatotoxicity. Pyridoxine supplementation is recommended for all pregnant women taking
INH at a dose of 50 mg daily [39, 46].
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10.2. Rifampicin. This is also believed to be safe in pregnancy, though in an unknown proportion of cases, there may
be an increased risk of haemorrhagic disorders in the newborn (some authorities prescribe supplemental vitamin K
(10 mg/day) for the last four to eight weeks of pregnancy.)
while some other researchers reported the possibility of limb
deformity but none of these are in excess of what is obtained
in the normal population.
10.3. Ethambutol. The retrobulbar neuritis that may complicate the use of this drug in adults generated the fear that
it may interfere with ophthalmological development when
used in pregnancy but this has not been demonstrated when
the standard dose is used. This was also confirmed in experimental studies on some abortuses [47].
10.4. Pyrazinamide. The use of pyrazinamide in pregnancy
was avoided by many physicians for a long time due to unavailability of adequate data on its teratogenicity. Presently,
many international organizations now recommend its use,
including the International Union Against Tuberculosis And
Lung diseases (IUATLD), British Thoracic Society, American
Thoracic Society, the World Health Organisation as well as
the Revised National Tuberculosis Control Programme of
India. There are no reports of significant adverse events from
the use of this drug in the treatment of TB in pregnant
women despite its use as part of the standard regimen in
many countries [48].
Its use is particularly indicated in women with tuberculous meningitis in pregnancy, HIV coinfection, and suspected INH resistance [49–52]. Breastfed infants of mothers
on antituberculous therapy should, however, be monitored
for jaundice, which may suggest drug-induced hepatitis, as
well as joint pains resulting from drug-induced hyperuricaemia.
10.5. Streptomycin. The drug has been proven to be potentially teratogenic throughout pregnancy. It causes fetal malformations and eighth-nerve paralysis, with deficits ranging
from mild hearing loss to bilateral deafness. Many centres are
against the use of this drug in pregnancy [49, 53, 54].

11. Multidrug-Resistant Tuberculosis
in Pregnancy (MDR-TB)
Pregnant women with MDR-TB have a less favourable prognosis [55]. They may sometimes require treatment with
second-line drugs, including cycloserine, ofloxacin, amikacin, kanamycin, capreomycin, and ethionamide. The safety
of these drugs is unfortunately not well-established in pregnancy [49].
Para-amino salicylic acid had been used as combination
therapy with INH in pregnancy in the past without any significant teratogenic side eﬀects, though maternal gastrointestinal side eﬀects may be pronounced.
Ethionamide is associated with growth retardation, central nervous system and skeletal abnormalities in animal
studies involving rats and rabbits [56, 57]. Human studies
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also demonstrated increased central nervous system defects
following its use in early pregnancy [58]. Its use is, therefore,
not recommended in pregnancy.
Therapeutic abortion has been proposed as an option of
management for these women [59], as MDR-TB poses more
risk to the woman and the society at large. Another option
is to delay initiating treatment to the second trimester where
possible [10]. Individualised Treatment Regimen (ITR) using
various combinations of the 2nd line antituberculous agents
based on their susceptibility profile had, however, been tried
in some pregnant women with no adverse obstetric outcome
[60].
The outlook for those patients is expected to improve as
experience and knowledge in the management of the condition increases.

12. Treatment of TB in Lactating Women
Breastfeeding is simply the cheapest and healthiest way to
feed a baby. The final decision on breastfeed must, therefore,
be taken with necessary input from the neonatologists, obstetricians, and pharmacologists. The American Academy of
Pediatrics recommends that women with tuberculosis who
have been treated appropriately for two weeks or more and
who are not considered contagious may breastfeed [61],
while the RNTCP recommends breast-feeding of neonates
regardless of the mother’s TB status [62].
Antituberculous drugs are excreted into breast milk,
though the dose is less compared with the therapeutic dose
for infants. Breastfed infants may receive as much as 20% of
the therapeutic dose of INH for infants, while other antituberculous drugs are less excreted. No toxicity has been
reported from this small concentration in breast milk [49].
Caution must, however, be exercised as the breast milk dose
may contribute to the development of abnormally high plasma levels in newborns who are on antituberculous medications. To minimise this possibility, the mother may take her
medications immediately after a feed and substitute a bottle
for the next feed. She may then return to her usual pattern of
feeding [49, 63].
Pyridoxine deficiency may cause seizures in the newborn.
Supplemental pyridoxine should, therefore, be administered
to infants on INH or whose mother is taking the drug.
Breastfeeding may be discouraged in women who are yet
to commence treatment at the time of delivery and those who
are still actively excreting the bacillus while coughing. It may
also be discouraged as part of a prevention of mother to child
transmission in HIV coinfection and women with tuberculosis of the lactiferous ducts or glands.
In the absence of evidence of congenital tuberculosis,
isoniazide (10 mg/kg/day) should be commenced at birth
and continued for six months. Clinical or radiological features of active tuberculosis and a positive tuberculin skin test
are indications for a full course of anti-tuberculous treatment. The tuberculin skin test and chest X-rays are done at 6
weeks, 12 weeks, and 6 months. The baby is vaccinated with
BCG at 6 months if these tests are negative. The baby is, however, changed to multiple drug therapy if any of these tests
turn positive during the period of monitoring.
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13. HIV and TB Coinfection in Pregnancy
HIV and TB are inextricably linked. Their eﬀect is even more
deadly in pregnancy, when they may contribute significantly
to maternal morbidity and mortality. Over 50% of the maternal mortality occurring in mothers with TB in pregnancy is
due to coinfection with HIV [64]. Moreover, treatment is
complicated by the challenges of adherence, polypharmacy
and the overlapping side eﬀect profiles of antituberculosis
and antiretroviral drugs [65–67].
The key concern is about the interactions between the
rifamycins and antituberculous drugs. The suboptimal outcomes of therapeutic trials without a rifamycin has made the
use of the drug mandatory, even in the face of drug interactions [68, 69].
The spectrum of antiretroviral drugs available for use in
pregnancy is limited. Efavirenz is contraindicated before the
thirteenth week of gestation, while the risk of toxicity from
the use of didanosine and stavudine is significantly increased
in pregnancy. Rifampicin may cause a reduction in the serum
concentration of efavirenz, though, increasing the dose of
efavirenz does not result in any significant outcome [70].
Nevirapine, which is an alternative to the use of efavirenz,
also exhibits some drug interaction with rifampicin. Rifampicin may lead to the reduction of serum concentration of
nevirapine by as much as 50%. To circumvent this problem,
rifabutin, another rifamycin that is as eﬀective as rifampicin
in the treatment of tuberculosis may be used, as the drug has
less eﬀect on the CYP3A system that metabolizes nevirapine
[71].
Generally, there is a dearth of studies and data on how
pregnancy may aﬀect the aforementioned interactions. Caution is, therefore, of great importance when managing pregnant women with this cruel duo.

14. Prevention of Tuberculosis
The BCG vaccine has been incorporated into the National
immunization policy of many countries, especially the high
burden countries, thereby conferring active immunity from
childhood. Nonimmune women travelling to tuberculosis
endemic countries should also be vaccinated. It must, however, be noted that the vaccine is contraindicated in pregnancy [72].
The prevention, however, goes beyond this as it is essentially a disease of poverty. Improved living condition is,
therefore, encouraged with good ventilation, while overcrowding should be avoided. Improvement in nutritional status is another important aspect of the prevention.
Pregnant women living with HIV are at higher risk for
TB, which can adversely influence maternal and perinatal
outcomes [73]. As much as 1.1 million people were diagnosed with the co-infection in 2009 alone [2]. Primary prevention of HIV/AIDS is, therefore, another major step in the
prevention of tuberculosis in pregnancy. Screening of all
pregnant women living with HIV for active tuberculosis is
recommended even in the absence of overt clinical signs of
the disease.
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Isoniazid preventive therapy (IPT) is another innovation
of the World Health Organisation that is aimed at reducing
the infection in HIV positive pregnant women based on evidence and experience and it has been concluded that pregnancy should not be a contraindication to receiving IPT.
However, patient’s individualisation and rational clinical
judgement is required for decisions such as the best time to
provide IPT to pregnant women [73].
Most importantly, governments commitments are highly
encouraged so that the World Health Organisation and all
other international bodies involved in fighting tuberculosis
may succeed in chasing this monster out of all communities.
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Objective. To compare maternal morbidity in HIV-infected and uninfected pregnant women. Methods. Major maternal morbidity
(severe febrile illness, illnesses requiring hospital admissions, surgical revisions, or illnesses resulting in death) was measured
prospectively in a cohort of HIV-infected and uninfected women followed from 36 weeks of pregnancy to 6 weeks after delivery.
Odds ratios of major morbidity and associated factors were examined using logistic regression. Results. Major morbidity was
observed in 46/129 (36%) and 104/390 (27%) of the HIV-infected and HIV-uninfected women, respectively, who remained in
followup. In the multivariable analysis, major morbidity was independently associated with HIV infection, adjusted odds ratio
(AOR) 1.7 (1.1 to 2.7), nulliparity (AOR 2.0 (1.3 to 3.0)), and lack of, or minimal, formal education (AOR 2.1 (1.1 to 3.8)).
Conclusions. HIV was associated with a 70% increase in the odds of major maternal morbidity in these Ugandan mothers.

1. Introduction
Maternal morbidity is defined as illness in a woman who was
or is pregnant from any cause related to the pregnancy, abortion, or child birth, excluding incidental or accidental causes
[1]. In Uganda, the true level of maternal morbidity is unknown, but national estimates suggest that 5.1 maternal
deaths occur for every 1,000 live births [2]. Although there
has been a decline in maternal mortality since 2000 [3],
child bearing is still associated with significant morbidity and
mortality in this country. Like most sub-Saharan countries,
Uganda has experienced a heavy burden of HIV-related
disease in the last few decades. In men and non-pregnant
women, HIV has been associated with at least a 2-fold
increase in morbidity [4, 5] and 10–20-fold increase in
mortality [6, 7]. Less is known about the association between
HIV and maternal morbidity. We undertook a prospective observational study to describe, estimate, and compare

the risk of maternal morbidity in HIV-infected and uninfected women in Uganda.

2. Methods
2.1. Setting. The study was conducted at St. Raphael of St.
Francis Hospital Nsambya, in Kampala, Uganda, between
November 2002 and November 2003. The hospital is a catholic missionary hospital located in the capital city (Kampala).
During the study year, there were a total of 24,461 antenatal
visits (of whom 6,016 were new bookings) and 10,768 deliveries recorded. The hospital provided care to general and private patients who paid at total of about $10 (general) and $40
(private) for antenatal care and a normal vaginal delivery.
This hospital was one of the pilot sites for the Ugandan national programme to prevent mother-to-child HIV
transmission (PMTCT) and the main source of antenatal,
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intrapartum and postnatal care for the local population [8].
During the study period all women attending the hospital
for antenatal care were oﬀered free opt-in HIV testing and
counselling. Women were classified as HIV-infected if they
had two positive rapid tests. HIV-infected women were given
modified intrapartum obstetric care by delaying the rupture
of membranes and avoiding episiotomies when possible. The
main PMTCT regimen oﬀered to women at the time was
zidovudine monotherapy from 36 weeks of pregnancy to
1 week after delivery or a single dose of nevirapine given
to HIV-infected women at the onset of labour. The use of
highly active antiretroviral therapy (HAART) in pregnancy
was not yet widely implemented. Exclusive breastfeeding was
encouraged for both HIV-infected and uninfected mothers,
but infected mothers could also give replacement feeds if
after assessment this mode of feeding was deemed feasible.
2.2. Study Design. Pregnant women with known HIV status
and willing to participate in the study were recruited into
a prospective cohort at about 36 weeks of pregnancy and
followed up until six weeks after the delivery. As maternal
morbidity is known to be associated with parity [9], the
cohort was restricted to nulliparous (para 0) and uniparous
(para 1) women. HIV-infected and uninfected mothers were
recruited in the ratio of 1 to 3. The main exposure of interest
was the woman’s HIV status and the primary outcome was
any observed or self-reported major maternal morbidity. A
woman was classified as having major maternal morbidity
if she experienced one or more of the following: illness
leading to hospital admission, severe febrile illness (fever
lasting 3 days or longer), surgical revisions of abdominal or
perineal wounds due to wound breakdown, and any illnesses
that resulted in death. These maternal conditions have been
classified as major morbidity by other authors [10–12].
Baseline data including demographic characteristics (nationality, residence, and age), socioeconomic confounders
(education, marital status, and employment), medical history, and obstetric history were collected by interview in
the antenatal clinic at 36–40 weeks of pregnancy using a
semistructured questionnaire. CD4 tests were oﬀered to
HIV-infected women at baseline and analysed using routine standard laboratory procedures. Delivery data were
abstracted from hospital records. A second interview was
held six weeks after delivery for women to report on
their morbidity during the study period. Women who did
not attend the hospital for delivery and/or the 6 weeks
postpartum appointment were telephoned and/or visited at
home immediately after the missed hospital appointment.
The data were analysed using SPSS 11.5. Characteristics
of HIV-infected and uninfected women were compared
using either binary measures (percentages or odds ratios)
where statistical significance of diﬀerences was examined
with chi-squared test statistics, or means where diﬀerences
were compared using F or t test statistics. In addition, CD4
measures were summarised using medians and interquartile
ranges (IQR). Fisher’s exact test was used when expected
values in contingency table cells were less than 5, and Yates’
correction was applied to chi-square tests on 2 × 2 tables.
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Odds ratios were first estimated crudely, without adjustment
for potential confounders and then with adjustment for
confounders (adjusted odds ratios, AOR) using logistic
regression models.
The study was approved in the UK by the Oxfordshire
Tropical Research Ethics Committee (OXTREC) and in
Uganda by the National AIDS Research Ethics Committee,
the National Council of Science and Technology, and St.
Raphael of St. Francis Hospital Nsambya administration.

3. Results
The characteristics of the 132 HIV-infected women and
399 HIV-uninfected women recruited into the cohort over
the 12 month study period are summarized in Table 1.
There were statistically significant diﬀerences between HIVinfected and uninfected women in parity, mean gestational
age at recruitment, education, and infant feeding practices
(Table 1). The majority of the HIV-infected women (100/132,
76%) were classified as asymptomatic (WHO stage 1). In
106 (80%) of HIV-infected women for whom CD4 counts at
36–40 weeks of pregnancy were available, the median CD4
count was 350/uL, (IQR 221 to 552/uL); 71 (67%) of the
women had CD4 count >200/uL. PMTCT regimen data were
available for 125 HIV infected women and the majority took
monotherapy with AZT 74 (59%) or Nevirapine 48 (38.4%).
Only 3 (2.4%) were on HAART and excluding them from the
analysis had no significant impact on the results.
At 6 weeks after delivery, follow-up data was available
for 129/132 (97%) HIV-infected and 389/399 (97%) HIV
uninfected women. Of these women, 46/129 (36%) who
were HIV-infected, and 104/390 (27%) who were uninfected
reported major morbidity. The crude odds ratio for any
major morbidity in HIV-infected women compared to uninfected women was 1.52 (95% confidence interval 0.97 to 2.38,
P = 0.05). The conditions that contributed to major morbidity are shown in Table 2. Two of the 6 hospital admissions
among HIV-infected women occurred before delivery and
were due to severe malaria. The remaining four admissions
occurring after delivery were reported as due to severe
malaria (2), wound sepsis and disruption (1) and a high fever
(1). Eight of the 11 HIV-uninfected women were admitted to
hospital before delivery with severe malaria (2), false labour
(2), preeclampsia (1), urinary tract infection (1), diarrhoea
(1), and psychosis (1). The three admissions after delivery in
these women were due to severe malaria (1), wound sepsis
and disruption (1), and postpartum haemorrhage (1).
Severe febrile illness was the commonest contributor to
major morbidity (Table 2), and was experienced by 34%
(44/129) and 24% (93/390) of the HIV infected and uninfected women respectively. It occurred more often after delivery in 89% (39/44) of the HIV-infected women and 84%
(78/93) of uninfected women. The crude odds ratio for severe febrile illness after delivery among HIV-infected women
compared to uninfected women was 1.65 (95% confidence
interval 1.05–2.60, P = 0.02). Severe febrile illness was less
common in women who had Caesarean section deliveries
(20/104, 19%) than those delivered vaginally (117/381, 31%)
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Table 1: Characteristics of HIV-infected and uninfected women in the cohort study.

Sociodemographic characteristics
Private patients
Mean maternal age (standard deviation (SD))
Nulliparous
4 or more antenatal visits in this pregnancy
Mean gestational age in weeks at recruitment
(standard deviation)
Highest level of formal education
Primary school or no formal education
Secondary school
Tertiary (higher) education
Women without own income
Married or cohabiting
Single
Place of delivery
St. Francis Hospital∗
Home or other health care setting
Mode of delivery∗
Vaginal delivery
Elective Caesarean section
Emergency Caesarean section
Infant feeding practices 6 weeks after delivery∗∗
Exclusive breast feeding
Replacement feeding
Mixed feeding
∗

HIV infected
N = 132 (% or SD)

HIV uninfected
N = 399 (% or SD)

P value

16 (12)
24.9 (3.8)
56 (42)
94 (71)

46 (12)
23.5 (3.7)
250 (63)
273 (68)

1.0
0.002
<0.001
0.6

36.1 (1.9)

36.7 (1.3)

<0.001

36 (27)
58 (44)
38 (29)
75 (57)
102 (77)
32 (23)

79 (20)
165 (41)
155 (39)
233 (58)
341 (86)
59 (14)

115 (87)
16 (13)

344 (86)
50 (12)

88 (77)
6 (5)
20 (18)

251 (79)
7 (2)
65 (19)

0.2

75 (63)
39 (32)
6 (5)

299 (80)
8 (2)
68 (18)

<0.001

0.02
0.9
0.04

1.0

Mode of delivery data only available for 459 births that occurred at St. Francis Hospital.
feeding practices data only available for 120 and 375 births.

∗∗ Infant

Table 2: Major morbidity in HIV-infected and uninfected women by 6 weeks after delivery.

Hospital admissions
Severe febrile illness
Surgical revision
Illnesses causing death
Major morbidity
(women with any of the above)
∗

HIV infected
N = 129 (%)
6 (5)
44 (34)
3 (2)
2 (2)

HIV uninfected
N = 390 (%)
11 (4)
93 (24)
7 (2)
1 (0)

46 (36)

104 (27)

Crude odds ratio (95% CI)

P value

1.68 (0.54–5.04)
1.65 (1.05–2.60)
1.30 (0.26–5.68)
6.13 (0.43–172.02)

0.31
0.02
0.71∗
0.15∗

1.52 (0.97–2.38)

0.05

Fisher’s exact 2-tailed P value.

P = 0.03, and in women who were not exclusively breastfeeding (15/100, 15%) than in those breastfeeding (96/370, 26%),
P = 0.03. Three HIV-infected women and 6 uninfected
women had surgical revisions of abdominal incisions; one
uninfected woman had an episiotomy resutured.
Three deaths occurred after delivery, two of which were
in HIV-infected mothers where the cause appeared AIDS
related: one with pneumonia and the other with a high fever
combined with vomiting and severe oral ulceration. The one
death of an HIV-uninfected mother was a primigravidae
woman who died from eclampsia and severe anaemia after

delivering twins. Unadjusted analyses of each potential confounding factor revealed higher odds for any major morbidity among nulliparous women and women with no, or
minimal, formal education while women aged 25–29 years
seemed less likely to have major morbidity (not shown).
When potential confounders (age, parity, private patients
versus general patients, employment status, and education)
were adjusted for, HIV status remained significantly associated with major morbidity among women at 6 weeks after
delivery (Table 3), the adjusted odds ratio was 1.7 (95% CI
1.1 to 2.7), P = 0.02. Nulliparity (P = 0.003) and lack of or
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Table 3: Major morbidity due to HIV infection adjusted for selected demographic factors.

HIV infection
Nulliparity
Private patients
Women without own income
Education
Tertiary education
Secondary education
Primary or no education
Age
Age <20 years
Age 20–24
Age 25–29
Age 30+

N = 519
129
299
60
300

Adjusted odds ratio (95% CI)
1.7 (1.1–2.7)
2.0 (1.3–3.0)
0.9 (0.4–1.7)
0.8 (0.5–1.3)

P value
0.02
0.003
0.64
0.33

110
220
189

Reference
1.9 (1.1–3.1)
2.1 (1.1–3.8)

—
0.02
0.02

68
236
178
37

Reference
1.1 (0.6–2.0)
0.7 (0.4–1.5)
0.7 (0.3–2.1)

—
0.77
0.43
0.57

minimal, formal education (P = 0.02) remained significantly
associated with higher odds for major morbidity in these
adjusted analyses.
Baseline CD4 counts were available for 103 (80%) of the
129 HIV-infected women who remained in follow-up. HIVinfected women who had major morbidity had significantly
lower CD4 counts than those that did not have any major
morbidity. The mean baseline CD4 count for the former
group was 312/uL (standard deviation 177/uL) while in the
latter group mean CD4 count was 456/ul (standard deviation
245/uL), P = 0.002. Major morbidity among HIV-infected
women stratified by WHO HIV clinical stage at recruitment
was 29/97 (30%) among women in WHO clinical stage I,
7/15 (58%) among women in WHO clinical stage II, and
10/16 (63%) among women in WHO clinical stage III, (chisquare test for linear trend = 7.9, df = 1, P = 0.005).

4. Discussion
This cohort study estimated the odds of any major morbidity to be 70% higher among HIV-infected women in
Uganda. The commonest major morbidity was severe febrile
illness, which occurred in 34% of HIV-infected and 24%
of uninfected women. These results are in line with what
has been found in other sub-Saharan African countries on
the impact of HIV on major maternal morbidity leading to
mortality [13, 14]. A five year audit in South Africa showed
that maternal mortality (meaning women experienced major
morbidity) was 6-times higher among HIV-infected women
than infected women [15]. In Mozambique and Malawi,
HIV-related illness was the leading cause of death among
women who did not die of obstetric complications [16, 17].
HIV can aggravate other prevalent debilitating conditions
in pregnancy like anaemia, thereby increasing severity of
maternal morbidity [18, 19]. Similar findings have been
observed in developed countries with HIV-infected pregnant
women having a higher risk of hospitalisation, and longer
stay during hospitalisation than HIV-uninfected women
despite the use of HAART [20, 21]. Our study quantified the
likely magnitude of the deleterious eﬀect of HIV on maternal

morbidity in Uganda, highlighting the need for interventions
to address maternal morbidity as PMTCT programs scale
up, even after HAART is widely available [21, 22]. In this
cohort study, HIV-infected women delivered by Caesarean
section had fewer severe febrile illnesses after delivery than
those delivered vaginally. This finding is contrary to what has
been observed by others [23–25], but in our study women
who delivered by Caesarean section routinely had antibiotic
prophylaxis while those who delivered vaginally did not.
The strengths of this study lay in its prospective nature
and in having a comparison group of women who were not
infected with HIV. The same set of structured questions were
used for both HIV-infected and uninfected women to limit
biased inquiry about and reporting of maternal morbidity
because HIV status of the mothers was generally known
to the interviewers. Some limitations of the study should
be noted: hospital admissions could overestimate major
morbidity if women are admitted for minor conditions [26],
but this was unlikely in our cohort where the financial and
social costs of inpatient care are generally a deterrent to
admissions in this setting. Laboratory investigations were
limited in this study which meant that the study relied on
clinical features and maternal reports. However, the results
are applicable to resource-limited settings where many
patients are managed similarly. Finally, this study was not
designed or powered to examine maternal morbidity by ART
status or HIV disease stage, but the stratified analysis implied
higher major maternal morbidity with more advanced HIV
disease. Further studies are needed to provide data on this
as the combination of maternal morbidity and HIV-related
morbidity can lead to a significantly negative impact on
maternal health and survival. This study was limited to an
urban missionary hospital in the capital city so future studies
should include rural and government health facilities where
the impact of HIV on maternal morbidity could be higher.

5. Conclusion
HIV infection increased the odds of major maternal morbidity by 70% in this cohort of Ugandan mothers giving birth
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for the first or second time. Maternal morbidity remains a
significant health issue in such resource-limited settings and
there is need for more interventions to address the eﬀects of
HIV infection on maternal morbidity.
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Timely diagnosis and treatment of maternal tuberculosis (TB) is important to reduce morbidity and mortality for both the
mother and child, particularly in women who are coinfected with HIV. The World Health Organization (WHO) recommends the
integration of TB/HIV screening into antenatal services but available diagnostic tools are slow and insensitive, resulting in delays
in treatment initiation. Recently the WHO endorsed Xpert MTB/RIF, a highly sensitive, real-time PCR assay for Mycobacterium
tuberculosis that simultaneously detects rifampicin resistance directly from sputum and provides results within 100 minutes. We
propose a model for same-day TB screening and diagnosis of all pregnant women at antenatal care using Xpert MTB/RIF. Pilot
studies are urgently required to evaluate strategies for the integration of TB screening into antenatal clinics using new diagnostic
technologies.

1. Introduction
Tuberculosis (TB) is a leading cause of nonobstetric maternal
death in resource-limited settings, accounting globally for
approximately 700,000 deaths every year, the majority of
which are in areas with high HIV prevalence [1, 2]. In South
Africa, a screening study found that the prevalence of TB
is 10 times greater in HIV-infected than in HIV-uninfected
pregnant women [3] and Gouder et al. found TB prevalence
among women attending antenatal care was 696/100,000
among HIV-infected women compared to 200/100,000
among HIV-negative women [4]. If untreated, maternal
TB can lead to increased neonatal mortality, lower birth
weights, prematurity [5, 6] and increased complications
of pregnancy, including a four-fold increase in maternal
morbidity through higher rates of abortion, postpartum
hemorrhage, labor diﬃculties, and preeclampsia [7, 8].
Furthermore studies have demonstrated that HIV-infected
pregnant women who are coinfected with TB are 2.5 times
more likely to transmit HIV to their babies than women

without TB [9] and their infants are 24 times more likely to
have neonatal TB [10]. Under current standards in resourcelimited settings there is a significant delay from the time
of presentation to the diagnosis of TB, due to the low
sensitivity and long turnaround time of available diagnostic
tools, the need for multiple visits, and the nonspecificity of
symptoms in pregnant women, particularly those who are
HIV infected. In Mexico, Figueroa-Damian found maternal
morbidity, neonatal mortality, and extreme prematurity all
to be significantly higher among pregnant women with TB
who started treatment late in pregnancy (25–36 weeks of
gestation), whilst those treated early had minimal negative
outcomes [11, 12]. In addition, rapid, early diagnosis and
treatment of TB reduces transmission of TB to family
members, including newborns, and the wider community
[13] and reduces the number of women who are lost to
followup during the lengthy TB diagnostic process. In light of
these risks, it is clear that early, rapid diagnosis and treatment
of both HIV and TB is critical to improve both maternal
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and infant outcomes [14]. The World Health Organization
(WHO) recommends the integration of TB/HIV care into
antenatal services and TB screening of all pregnant women
in high HIV prevalence areas [15].

2. TB Diagnosis in Pregnant Women
To date the implementation of WHO antenatal TB screening recommendations has been limited in resource poor
countries due in part to significant financial and logistical
constraints [16]. Clinicians are reluctant to use chest radiography as part of the TB diagnostic workup process and
sputum smear microscopy using Ziehl-Neelsen (Z-N) stain
has been demonstrated to have low sensitivity, especially
in HIV-infected women. The WHO estimates that Z-N
microscopy detects only 58% of pulmonary TB cases in
HIV-infected individuals [17]. Sensitivities even lower than
this have been reported; in a South African study, eight
of 370 HIV-infected pregnant women were diagnosed with
culture-confirmed TB but all were smear negative [18].
Despite being the diagnostic reference, standard TB culture
is not accessible in most resource-limited settings due to its
complex laboratory requirements. A potential alternative is
the recently recommended Xpert MTB/RIF, a real-time PCR
assay for Mycobacterium tuberculosis that simultaneously
detects rifampicin resistance directly from sputum and
provides results within 100 minutes [19]. Xpert MTB/RIF
has been recommended for use up to the subdistrict level,
especially in settings where rapid access to appropriate
treatment and care is required [20]. Results from prospective
demonstration studies involving 6,648 individuals found the
sensitivity of a single, direct Xpert MTB/RIF test in culturepositive cases was 90.3% (99.0% in smear-positive sputa and
76.9% in smear-negative sputa), rifampicin resistance was
detected with 94.4% sensitivity and 98.3% specificity and
performance was not significantly aﬀected by HIV status [21,
22]. Operationally Xpert MTB/RIF technology has shown
to be robust in various locales and can be used outside
laboratory settings by lay staﬀ with minimal training [21].
These characteristics suggest that Xpert MTB/RIF may have
the potential to play a significant role in the diagnosis of TB
in antenatal settings in low-resource settings with generalized
HIV epidemics.
Using the example of Zambia, there are approximately
5000 women who present monthly for antenatal care at
the 25 government primary healthcare clinics in the capital,
Lusaka. In these health clinics the mean gestational age of
women at their first antenatal visit is 22 weeks and almost
half (48%) come for only one visit [23]. Over 90% of
expectant women agree to HIV testing during antenatal
care and approximately 22% are HIV infected. Despite
well-developed HIV testing programs in Maternal Child
Healthcare (MCH) departments, there is no provision for
systematic TB screening and limited data available within
Zambia to guide best practice. Currently, pregnant woman
presenting to MCH with TB symptoms are referred to the
outpatient department (where there are often long queues)
for further consultation, sputum collection, and antibiotic
trials. Often multiple visits are required over several days to

Journal of Pregnancy
weeks prior to receiving a final diagnosis and women may be
lost to followup before the diagnostic process is complete.
While there is no data on the diagnostic delay between
initial presentation and TB diagnosis in pregnant women,
an evaluation of the 2007 WHO guidelines found that
median time to TB treatment initiation was between 3–17
days for smear-negative pulmonary TB [24] and a review
of records at one Lusaka HIV clinic found the average
time from first presentation to pulmonary TB diagnosis
to be 29 days (personal communication, S. Trollip). Due
to more complicated referral systems, this delay may be
even greater in MCH clinics The combination of insensitive
tools and lengthy diagnostic delays highlights the urgent
need to integrate TB screening into antenatal care and to
pilot faster, more sensitive diagnostic tools. Introduction
of the Xpert MTB/RIF technology, which provides sameday TB diagnosis with high sensitivity, could potentially
allow pregnant women to be screened and started on TB
treatment the same day as their antenatal visit. Based on
current practice this would represent a reduction of up to 3
weeks in time to TB treatment initiation, critically given that
most women present late in pregnancy.

3. TB Screening Model in Antenatal Clinics
Screening pregnant women for TB in MCH makes sense both
clinically and logistically as even in low-resource settings a
majority of women access health care during pregnancy at
least once [25]. Rather than strengthening the limited and
separate TB diagnostic services at the clinic, integration of
TB diagnostic and antenatal services would leverage existing
clinic space and staﬀ, simplify patient flow, and reduce
waiting times.
We propose a model (Figure 1) to integrate TB and HIV
screening, diagnosis, and treatment into existing antenatal
care using Xpert MTB/RIF technology. Women present early
in the morning to the antenatal clinic and while they wait
for individual check-ups, group health education is given by
a trained lay worker/peer educator. These health education
talks provide an opportunity to deliver counseling on the
TB and HIV screening services and the clinical benefits to
both mother and child of TB (and HIV) screening during
pregnancy. In this model, lay healthcare workers administer a
simple TB symptom questionnaire that evaluates patients for
key TB symptoms (any cough, fever, night sweats, or weight
loss). Asymptomatic women are referred for providerinitiated counseling and testing (PITC) and continue with
the standard antenatal visit where they may be considered
for isoniazid prophylaxis therapy. Symptomatic (presence
of any symptom) women are escorted to an isolated and
well-ventilated area for sputum collection and afterwards
for PITC. Utilizing Xpert MTB/RIF technology, sputum
is analyzed in the clinic laboratory or within the MCH
department, depending on space availability, security, and
stable electricity supply. The clinician provides a formal
assessment once TB and HIV test results are available.
Women with positive TB and/or HIV test results are referred
for further evaluation and, optimally, TB treatment will be
initiated the same day.
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Women present at MCH for
antenatal care

Sensitization talk given by
Lay-workers on importance of
HIV/TB screening and treatment

Registration, triage and TB
symptom screening
questionnaire by Lay-workers

Woman has one or more TB
symptoms (any cough,
fever, night sweats or
weight loss)

Woman has no TB
symptoms

Screened for TB with Xpert
MTB/RIF

HIV PITC conducted while
women wait for Xpert
MTB/RIF result

HIV PITC conducted

Women sees clinician for
TB/HIV test results

Xpert MTB
negative

Continue standard
antenatal care at
MCH. Refer for
ART care if HIV
positive

Xpert MTB positive,
RIF sensitive

Xpert MTB positive,
RIF resistant

Refer to TB clinic.
Refer for ART care
if HIV positive

Refer to national
MDR TB treatment
program

Continue standard
antenatal care at
MCH. Refer for
ART care if HIV
positive

Figure 1: Proposed model for same-day TB screening and diagnosis of pregnant women at antenatal care using Xpert MTB/RIF (∗ MCH:
Maternal Child Healthcare Clinic; (M)TB: (Mycobacterium) Tuberculosis; RIF: Rifampicin; PITC: Provider Initiated Testing and Counseling;
ART: Antiretroviral therapy; MDR: Multidrug resistant).

4. Discussion
We have highlighted the need for TB screening in pregnant
women and proposed a model for a point of care screening
algorithm with rapid turnaround time. Variations of this
model may be appropriate for diﬀerent settings depending
on patient flow, space, and staﬃng. Faster diagnosis of
TB leads to earlier cotreatment, reduced transmission to
community and family, and potentially improved maternal
and neonatal clinical outcomes. The proposed use of Xpert

MTB/RIF technology has substantial advantages in terms
of sensitivity, turnaround time, and simplicity compared
to existing technologies however implementation challenges
exist; the instrument and storage of cartridges requires
significant space, waste generated is considerably more than
that with microscopy, and instruments require an uninterrupted power supply and annual validation. At present,
Xpert MTB/RIF operation requires substantial expenditure,
both in capital costs and consumables. In 2011, the Foundation for New Innovative Diagnostics (FIND) negotiated price
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for a 4-module unit (capable of running 16–20 specimens per
day) is 17,000 USD and the price per cartridge is 16.86 USD
(with one cartridge required per sputum tested). On the long
term, prices for Xpert MTB/RIF are expected to decrease as
global testing volumes increase [20]. Further work is required
to examine its cost-eﬀectiveness in various resource-limited
settings. In addition, Xpert MTB/RIF technology relies
on the ability of a patient to produce sputum which is
problematic for those without pulmonary symptoms. Future
pilots could also consider other less expensive nonsputumbased diagnostic tools that are currently under evaluation,
such as a urine lateral flow test for simple and rapid lipoarabinomannan (LAM) detection [26] or simplified nucleic
acid amplification tests like the loop-mediated isothermal
amplification (LAMP) assay [27], after their endorsement by
the WHO.
The possible clinical benefits of an integrated system
are apparent and acceptance of screening is potentially
high as pregnant women generally have increased health
seeking behavior to protect their unborn child; however it
is important to recognize potential patient-related barriers
to implementation. For example, Kali et al. found that
44% of HIV-infected pregnant women were unwilling to
go through TB screening [18]. However, TB screening was
oﬀered after PITC, suggesting that women may have been
reluctant to face another potential diagnosis immediately
after learning that they were HIV infected and may be
unwilling to wait the additional 2 hours required to obtain an
Xpert MTB/RIF result. Women needing treatment for HIV
may be especially reluctant to engage in TB screening for fear
of the heavy pill burden associated with TB/HIV treatment,
during pregnancy. Screening all women for both diseases
on arrival, as proposed in this model, may increase uptake
and strengthen acceptance of the need for routine HIV
and TB screening in high-prevalence settings. Furthermore
strong linkages to care and comprehensive sensitization at
both clinic and community level is essential to “normalize”
TB screening in the pregnant population and overcome
reluctance to screen.
Integration of HIV and TB screening services into MCH
using similar models has been shown to be feasible and
recommended in high HIV/TB prevalence settings [14, 16].
A simple screening questionnaire that assesses patients for
any of the four key TB symptoms has been proven to
accurately identify people in need of further diagnostic
assessment in resource-constrained settings [28]. In addition
the use of lay workers to conduct a symptom screening has
been successfully piloted in South Africa where it added
only 4–7 minutes to the visit time [18]. In Zambia lay
workers/peer educators have been instrumental to the rapid
scale-up of both HIV programs (conducting testing, adherence counseling, and followup of patients on treatment)
[29, 30]; TB programs (conducting PITC, sputum collection,
directly observed treatment strategy and facilitating referral
linkage). As Xpert MTB/RIF instruments are reported to
be simple enough to be run by lay workers this greatly
increases the feasibility of using them in countries that have
significant shortages of professional health care staﬀ [21].
Despite this, implementation of a screening program, as we
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have proposed, will have a significant impact on the logistics
of MCH visits; additional staﬀ and appropriate space will be
required for optimal implementation.
There remain many unanswered questions about TB
screening in the antenatal setting that need to be addressed by
operations research. These include optimal linkage between
MCH and TB care; adherence barriers and toxicity facing
coinfected pregnant mothers in receiving TB and HIV
cotreatment; eﬀects of early TB/ART initiation on maternal
and neonatal outcomes and neonatal HIV transmission; time
to ART and TB initiation in coinfected pregnant women;
feasibility and cost-eﬀectiveness of Xpert MTB/RIF implementation in antenatal clinics; sensitivity and specificity
of Xpert MTB/RIF in pregnant women; the role of lay
workers/peer educators in integrated screening programs.
Pilot programs are urgently needed to evaluate the impact
of integrating TB screening strategies into antenatal clinics
using new diagnostic technologies in order to reduce the
burden of TB and HIV in mothers and their children.
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The impact of HIV on maternal mortality and more broadly on the health of women, remains poorly documented and understood.
Two recent reports attempt to address the conceptual and methodological challenges that arise in estimating HIV-related maternal
mortality and trends. This paper presents and compares the methods and discusses how they aﬀect estimates at global and regional
levels. Country examples of likely patterns of mortality among women of reproductive age are provided to illustrate the critical
interactions between HIV and complications of pregnancy in high-HIV-burden countries. The implications for collaboration
between HIV and reproductive health programmes are discussed, in support of accelerated action to reach the Millennium
Development Goals and improve the health of women.

1. Introduction
While recent reports indicate declining trends in maternal
mortality [1, 2], at the current rate of progress, most countries remain unlikely to reach the Millennium Development
Goal 5 and its target of reducing the maternal mortality ratio
(MMR) by 75% between 1990 and 2015. The adverse eﬀect
of HIV on women’s health in sub-Saharan Africa appears to
be an important reason for poor progress [1, 3].
The contribution of HIV to maternal mortality has been
recognized for over a decade [4, 5], but it remains poorly
documented and understood. The number and proportion
of maternal deaths associated with HIV have been diﬃcult to
determine with precision because of various conceptual and
measurement challenges [1, 2]. This information is critical
to plan services for women in need, including HIV-infected
pregnant women.
This paper aims to enhance the understanding of the
methods used to estimate HIV-associated maternal deaths
and how they aﬀect global, regional, and country estimates.

Country examples of likely patterns of mortality among
women of reproductive age are provided to illustrate the
critical interactions between HIV and maternal mortality in
high-HIV-burden countries.

2. Methods for Estimating HIV-Associated
Maternal Deaths
2.1. Definitions. In the International Statistical Classification
of Diseases and Related Health Problems, Tenth Revision,
1992 (ICD-10), WHO defines maternal death as the death of
a woman while pregnant or within 42 days of termination
of pregnancy, irrespective of the duration and site of the
pregnancy, from any cause related to or aggravated by
the pregnancy or its management but not from accidental
or incidental causes [6]. Maternal deaths are either direct
obstetric deaths resulting from obstetric complications of
the pregnant state (pregnancy, delivery, and postpartum),
from interventions, omissions, incorrect treatment, or from
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a chain of events resulting from any of the above, or
indirect deaths resulting from previous existing disease or
disease that developed during pregnancy, such as anaemia
and malaria, which was aggravated by physiological eﬀects
of pregnancy. In some instances, deaths during pregnancy
or the postpartum period might be due to causes that are
incidental to pregnancy, such as accidents and violence.
These are defined in ICD as pregnancy-related deaths, but are
not included as part of maternal deaths. Pregnancy-related
deaths comprise maternal deaths due to direct and indirect
causes and also deaths due to accidental or incidental events
that occur when a woman is pregnant.
Some of the deaths of pregnant women with HIV are
incidental deaths due to an AIDS-defining condition, without any obvious association with pregnancy. These deaths
are therefore classified as pregnancy-related deaths, but not
maternal deaths. In practice, the distinction between incidental and indirect causes of death is diﬃcult to make,
especially in the case of HIV. The eﬀect of pregnancy on HIV
disease progression is uncertain [7–9], but HIV would not
likely be an indirect cause of death except in advanced stages
of the disease. It is also not clear to what extent HIV infection
has an eﬀect on the maternal outcomes of pregnancy [7, 8].
However, there is some evidence that HIV can aggravate
obstetric conditions that can lead to death, such as sepsis,
haemorrhage, and septic abortion [9, 10].
Figure 1 is a graphical representation of the intersection
of HIV deaths and maternal deaths among all deaths of
women of reproductive age (15–49 years). In this paper, we
use the term “HIV-associated maternal death” to describe
the death of a pregnant woman with HIV in which the HIV
infection was present at the time of a death from direct
obstetric causes or else was an indirect cause of maternal
death. The figure shows that HIV-associated maternal deaths
are a subset of what we call “pregnancy-related HIV deaths,”
which include all deaths in HIV-positive women that take
place during pregnancy, childbirth, and 42 days postpartum.
These include deaths from HIV disease that were incidental
to the pregnancy. This figure does not attempt to show the
relative distribution of deaths in the various categories. For
orders of magnitude, it is useful to recall here that HIV/AIDS
and complications of pregnancy and childbirth are the two
leading causes of death in young adult women globally,
accounting for 19% and 15% of all deaths in women aged
15–44 years, respectively [11].
2.2. Measurement Challenges. In the real world, identifying
maternal deaths and determining their causes, in order
to diﬀerentiate deaths due to direct or indirect causes, or
to incidental causes, poses many challenges. Most developing countries do not have civil registration systems to
record the death of a woman of reproductive age, and
identification of maternal deaths usually requires special
methods of investigation, such as household surveys. In
addition, there are well-documented problems with regard to
the identification of cause of death in general and maternal
death in particular, which are exacerbated in the context
of HIV [12–14]. Ideally, HIV-associated maternal deaths
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should be counted using the ICD-10 classification system,
along with other causes of maternal deaths—direct and
indirect. In practice, this is challenging, due to insuﬃcient
or inaccurate information on the circumstances of death and
limited capacities to correctly use standards to assign and
code causes of death. In particular, information about the
woman’s pregnancy status or HIV status is often missing or
withheld. Even when deaths are medically certified, applying
the ICD rules when deaths are associated with multiple
comorbidities is not straightforward [2, 10]. With ICD10, WHO recommends the inclusion of a checkbox on the
death certificate for recording a woman’s pregnancy status
at the time of death, but this has not been implemented in
many countries, and therefore some AIDS deaths in pregnant women are not identified as pregnancy-related. The
overall result is that most countries report incomplete and
inaccurate data on numbers and causes of maternal and
pregnancy-related deaths, and the precise contribution of
HIV is poorly documented.
2.3. Methods of Estimating HIV-Associated Maternal Deaths.
In the run-up to the 2015 deadline to achieve the Millennium
Development Goals, increased eﬀorts are being made to track
progress in reducing maternal mortality. In 2010, two major
reports provided estimates of maternal mortality trends at
global, regional, and country levels [1, 2]. Maternal mortality
estimates were based on data collected through a variety
of methods, including civil registration systems, household
surveys, special studies, censuses, and verbal autopsies [2].
Diﬀerent statistical modeling approaches were used to estimate the contribution of HIV to maternal mortality.
Hogan and colleagues, at the Institute for Health Metrics
and Evaluation (IHME) and other academic institutions,
estimated levels and trends in maternal mortality for 181
countries between 1980 and 2008 and assessed the impact of
HIV on these estimates. Details on the IHME methodological
approach can be found in the published report [1], webannex
[15], and model output data published on the IHME website
(http://www.who.int/gho/maternal health/mortality/maternal/en/index.html). In summary, IHME’s multivariate model
included HIV prevalence as one of several covariates to
estimate total maternal deaths, including what the authors
call “HIV-related maternal deaths.” To distinguish the HIVrelated deaths among the total number of maternal deaths,
IHME conducted a counterfactual analysis that explored the
eﬀect on maternal mortality of reducing HIV prevalence to
zero, by setting the HIV covariates of the estimated model
to zero values. The diﬀerence between the two outputs
produced the number of HIV-related maternal deaths. The
primary source of data used in many countries was surveys or
censuses, which do not exclude incidental deaths in pregnant
women. Therefore, the numbers reported by IHME in those
countries relate to our definition of pregnancy-related HIV
death, including both HIV-associated maternal deaths and
HIV deaths that are incidental to the pregnancy. Hogan
and colleagues indicate that this approach would tend to
bias the maternal mortality estimates upward, but note that

Journal of Pregnancy

3
All deaths of women of reproductive age
Pregnancy-related deaths
Maternal deaths

HIV/AIDS deaths

HIV-associated
maternal death

Incidental pregnancy-related HIV deaths
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Figure 1: The intersecting epidemics of HIV and maternal mortality.

there is no evidence-based analytical strategy to identify the
proportion of pregnancy-related deaths that are incidental.
The UN-aﬃliated Maternal Mortality Estimation InterAgency Group (MMEIG), together with academics from the
University of California at Berkeley, developed estimates of
indirect maternal deaths due to HIV as part of a larger
eﬀort to estimate country, regional, and global maternal
mortality levels and trends between 1990 and 2008 [2, 16].
The interagency group also took available data on total
deaths in women of reproductive age as the starting point,
but applied diﬀerent statistical models and assumptions to
generate estimates of maternal deaths. In the first instance,
only maternal, non-HIV-related deaths were computed, by
subtracting the fraction of estimated HIV deaths in the
pregnancy-related period (which corresponds to our definition of pregnancy-related HIV deaths). Then the number
of indirect maternal deaths due to HIV was computed and
added back to obtain the total number of estimated maternal
deaths.
The steps in this process were as follows (see also [2], data
files available on the WHO web site http://www.who.int/gho/
maternal health/mortality/maternal/en/index.html). First, a
statistical model estimated the fraction of HIV deaths in
women of reproductive age occurring during pregnancy or
within 42 days of termination of pregnancy. The calculations
required assumptions about the relative risk of dying from
HIV of a pregnant versus a nonpregnant woman (reflecting
both the decreased fertility of HIV-positive women and the

increased mortality risk of HIV-positive pregnant women).
This latter parameter was developed through a combination
of expert opinion and tests of model fitness to reach a value
of 0.4, which was applied to all countries. These deaths
were removed from the computation of maternal deaths
due to direct obstetric causes or to indirect causes other
than HIV. Then a constant fraction of these deaths, counted
as indirect maternal deaths, was added back to calculate
total maternal deaths. For the estimation of these HIVrelated indirect maternal deaths, it was assumed that half
of the total pregnancy-related deaths among HIV-infected
women were indirect maternal deaths, the other half being
incidental to the pregnancy. This value was chosen to
minimize distribution errors given the scarcity of appropriate
data for estimating correct proportion of HIV deaths that are
incidental (which can vary over time and place).

3. Results Based on the Different Methods
3.1. Worldwide HIV-Associated Maternal Deaths. The interagency group estimated 21,000 HIV-associated maternal
deaths (uncertainty interval 15,341–29,120), or 6% of the
worldwide total of 358,000 maternal deaths in 2008. For
the same year, the IHME calculated that 61,400 fewer
maternal deaths (18%) would have occurred in the absence
of HIV (uncertainty interval 58,200–66,400), of an estimated
total of 342,900 maternal deaths. As noted above, the
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interagency model computed pregnancy-related HIV deaths
and assumed that half of those were indirect maternal
deaths. Direct maternal deaths in which HIV was present,
and possibly a contributing factor, were not counted. The
other model computed primarily pregnancy-related HIV
deaths. Should the IHME model have used the interagency
assumption about the proportion of pregnancy-related HIV
deaths that are truly maternal, their estimated numbers of
HIV-associated maternal death and total number of maternal
deaths would have been reduced accordingly.
3.2. Regional Variation in HIV-Associated Maternal Deaths.
Both models show that the vast majority of HIV-associated
maternal deaths occur in sub-Saharan Africa (86% in the
interagency model and 92% in the IHME model) (Table 1).
As a fraction of all maternal deaths, HIV-associated maternal
deaths are also highest in the sub-Saharan region (9% under
the interagency model and 32% in the IHME model). In
other regions, HIV-associated maternal deaths account for
6% or less of all maternal deaths.
3.3. HIV-Associated Maternal Deaths by Country. The ranking of countries with the highest number of HIV-related
maternal deaths varies substantially by model (Table 2).
Nigeria is consistently ranked first, although the estimated
number of deaths per year ranges widely, between 2,472
for the interagency model and 10,422 for the IHME model.
Six countries make the top ten under both model estimates—Kenya, Malawi, Mozambique, Nigeria, Tanzania,
and Uganda. However, their ranking diﬀers under each
model. Only one country outside sub-Saharan Africa, India,
is in the top ten.
The countries with the highest fraction of HIV-related
maternal deaths are shown in Table 3. The list is dominated
by countries in Southern Africa that have been hardest hit
by the HIV epidemic. In many of these countries, HIV-associated maternal deaths represent a substantial proportion
of total maternal deaths. Both the interagency and IHME
approaches estimate the fraction at greater than 70% for
Botswana and Swaziland and over one-third for all countries
in the top ten.
3.4. Relative Impact of HIV on Pregnancy-Related and Maternal Mortality at Country Level. Figure 2 shows the substantial impact HIV has on the health of women in Zambia,
a high-prevalence country. Based on the interagency group
estimates, 21,532 or two-thirds of the 32,510 deaths of
women of reproductive age in 2008 can be attributed to
HIV. Of the total of 3,673 pregnancy-related deaths, 2,551
are maternal deaths. Of maternal deaths, 943 (37%) are
estimated to be HIV associated. Another 943 women are estimated to die from incidental HIV deaths during pregnancy.
Figure 3 shows the pattern in the Democratic Republic
of Congo. In that country, a smaller proportion of deaths
among women of reproductive age are reported to be associated with HIV, and a larger proportion of deaths are
due to complications of pregnancy and childbirth. The opposite would seem to be the case in Zimbabwe, where the
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overwhelming majority of deaths among women of reproductive age are associated with HIV, as shown in Figure 4.
Similar charts can be produced to support more detailed
assessments of the situation in other aﬀected countries.

4. Comparison of Methods and Results
We examined some of the challenges in defining and counting HIV-associated maternal deaths and reviewed two recent
methodological approaches for their estimation. (This paper
does not attempt to explain why the interagency and IHME
estimates for maternal deaths might diﬀer. For further discussion, see Section 3.6 of [2].) Both approaches address the
well-known conceptual and practical diﬃculties in assessing
a pregnancy-related death in the presence of HIV. They
use statistical models to estimate the impact of HIV on
levels and trends of maternal mortality, combining robust
data sources with assumptions regarding key parameters
about which little information exists. The interagency group
estimates of indirect maternal deaths due to HIV rest on
assumptions about the relative risk of HIV mortality in
pregnant versus nonpregnant women and the proportion
of pregnancy-related HIV mortality that can be considered
maternal. IHME uses a counterfactual method that compares
results with and without the HIV epidemic.
There are major diﬀerences in the way each model identifies pregnancy-related HIV deaths and examines the association of HIV with maternal deaths. The IHME model
produces somewhat higher results, with the number of HIVassociated maternal deaths (61,400) about three times higher
than the interagency estimates. In part because the IHME
model has a lower overall number of maternal deaths, the
fraction of maternal deaths associated with HIV is substantially higher when compared to the interagency model.
Regional estimates of both numbers and aﬀected fraction
follow a similar pattern between models. At the country level,
the models produce similar rankings in terms of the most
aﬀected countries, although the estimated numbers and affected fractions vary.
These comparisons should be made with caution, partly
because of the diﬀerent model approaches and in how the
results are presented. The interagency estimate distinguishes
between incidental pregnancy-related HIV deaths and indirect HIV-related maternal deaths, to keep strictly to the
ICD-10 definition of maternal death, without being able to
fully delineate the diﬀerences between the two. The IHME
model notes that the evidence to identify the proportion of
pregnancy-related deaths that are incidental is scant, and its
estimates are based on total numbers of pregnancy-related
deaths in which HIV was present, while recognizing that this
strategy biases the estimates upwards.
Despite these diﬀerences, estimates using the diﬀerent
methods clearly reinforce that the HIV epidemic is having a
profound influence on maternal mortality and, more broadly, pregnancy-related mortality. Worldwide estimates of the
fraction of maternal deaths due to HIV range between 6
and 18%, with the majority of HIV-associated maternal
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Table 1: HIV-associated maternal deaths by region, 2008, by model.
MDG region
World total
Developed regions
CIS countries
Developing regions
Africa
Northern Africa
Sub-Saharan Africa
Asia
Eastern Asia
South Asia
South-Eastern Asia
Western Asia
Latin America and the Caribbean
Oceania

Number of HIV-associated maternal deaths

Proportion of all maternal deaths

Interagency
21,000
90
70
21,000
18,000
10
18,000
1,700
80
1,300
310
—
480
10

Interagency
5.8%
5.6%
4.7%
5.8%
8.9%
0.3%
9.0%
1.2%
1.0%
1.2%
1.7%
0.0%
5.2%
1.1%

IHME
61,436
45
35
61,356
56,446
28
56,418
4,358
42
3,632
682
2
510
42

IHME
17.9%
3.4%
2.6%
18.0%
31.5%
1.2%
31.9%
2.9%
0.5%
3.0%
3.9%
0.0%
6.4%
5.8%

Table 2: 10 Countries with the highest number of HIV-associated maternal deaths, 2008, by model.
Interagency
Ranking
1
2
3
4
5
6
7
8
9
10

Country
Nigeria
South Africa
Zimbabwe
Tanzania
Uganda
India
Mozambique
Kenya
Malawi
Ethiopia

IHME

# HIV-associated

maternal deaths
2472
1920
1574
1552
1512
1264
1217
1100
961
948

Country
Nigeria
Malawi
Ethiopia
Tanzania
India
Mozambique
Kenya
Côte d’Ivoire
Uganda
Zambia

# HIV-associated

maternal deaths
10422
4689
3971
3941
3531
3448
3006
2871
2611
2403

Table 3: 10 Countries with the highest fraction of HIV-associated maternal deaths, 2008, by model.

Ranking
1
2
3
4
5
6
7
8
9
10

Interagency
Fraction of HIV-associated
Country
maternal deaths
Botswana
78%
Swaziland
75%
Lesotho
59%
Zimbabwe
53%
Namibia
50%
South Africa
43%
Zambia
37%
Belize
35%
Malawi
32%
Trinidad and Tobago
28%

Country
Botswana
Swaziland
Lesotho
Zimbabwe
South Africa
Zambia
Namibia
Malawi
Mozambique
Uganda

IHME
Fraction of HIV-associated
maternal deaths
84%
84%
83%
82%
78%
73%
73%
69%
66%
51%

6

Journal of Pregnancy

Deaths of women of reproductive age
Zambia 2008
Pregnancy-related deaths
Maternal deaths

HIV-associated maternal
deaths (943)

HIVassociated
maternal
deaths

Incidental pregnancyrelated HIV deaths (943)

Incidental pregnancyrelated HIV deaths

Maternal deaths (2, 551)
Pregnancy-related deaths
(3, 673)
HIV deaths of women of
reproductive age (21, 532)
Outer square: deaths of
women of reproductive
age (32, 510)

HIV deaths of women of
reproductive age

Figure 2: Intersection of HIV and maternal mortality in Zambia, 2008. Source: http://www.who.int/gho/maternal health/
mortality/maternal/en/index.html.

DRC 2008

Deaths of women of reproductive age

HIV-associated maternal
deaths (506)
Incidental pregnancyrelated HIV deaths (506)

Pregnancy-related deaths

Maternal deaths (19, 216)
Pregnancy-related deaths
(21, 800)

Maternal deaths

HIV deaths of women of
reproductive age (11, 073)

Outer square: deaths of
women of reproductive
age (97, 511)

Incidental pregnancyrelated HIV deaths

HIV deaths of women of
reproductive age

HIVassociated
maternal
deaths

Figure 3: Intersection of HIV and maternal mortality in DRC, 2008. Source: http://www.who.int/gho/maternal health/mortality/
maternal/en/index.html.
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Deaths of women of reproductive age
Pregnancy-related deaths Maternal deaths

Zimbabwe 2008

HIVassociated
maternal
deaths

HIV-associated maternal
deaths (1, 574)

Incidental pregnancyrelated HIV deaths

Incidental pregnancyrelated HIV deaths (1, 574)
Maternal deaths (2, 984)
Pregnancy-related deaths
(4, 714)
HIV deaths of women of
reproductive age (61, 4 59)
Outer square: deaths of
women of reproductive
age (68, 604)

HIV deaths of women of
reproductive age

Figure 4: Intersection of HIV and maternal mortality in Zimbabwe, 2008. Source: http://www.who.int/gho/maternal health/mortality/
maternal/en/index.html.

deaths in the sub-Saharan region, where the aﬀected fraction
is between 9–32%. Country rankings between models are
similar and provide a general but not precise estimate of the
HIV epidemic’s contribution to maternal mortality.
More detailed examination at country level of the impact
of HIV on maternal and pregnancy-related deaths shows
diverse patterns. National estimates are usually based on few
data points and are subject to all the caveats mentioned
earlier about the identification of pregnancy-related deaths
and the classification of cause of death. Nonetheless, they give
an idea of the severe adverse eﬀect of the HIV epidemic on
women’s health in high-burden countries.

5. Conclusions
Despite methodological challenges, assessments of trends in
maternal mortality clearly indicate that HIV has become a
leading cause of death during pregnancy and the postpartum
period in countries with high HIV prevalence and that
the HIV epidemic has slowed down progress in improving
maternal health.
Improved knowledge of the contribution of HIV to maternal and pregnancy-related mortality should help to direct
scarce resources to appropriate policy and programmatic
responses and spur better collaboration between HIV and
reproductive health services [1, 17]. We hope that our
examination of diﬀerent approaches used to assess the interactions between HIV and maternal mortality will stimulate

improvements in systems to document maternal deaths and
assess their causes.
It would be useful to distinguish between maternal HIVassociated death due to direct obstetric causes or indirect
HIV-related causes and incidental pregnancy-related HIV
deaths. The new ICD-10 amendment introducing a new
code for an “indirect maternal death” is a step forward.
However, this is likely to continue to remain a source
of misclassification, given the ongoing clinical uncertainty
around the relationship between HIV and other causes of
maternal death. Further discussion among experts in ICDcompliant death certification and coding is needed to help
clarify how best such interrelated causes of deaths should
be classified. Adoption of a common terminology among
researchers and health service providers would be a further
benefit.
There is also an urgent need to carry out systematic
reviews of existing studies on the key parameters that underpin the estimates. These include studies on the relative
risk of maternal death in HIV-infected versus uninfected
pregnant women and the relative risk of dying from HIV
disease of a pregnant versus a nonpregnant woman. More
studies are also needed to elucidate the mechanisms by which
HIV can contribute to direct or indirect maternal deaths.
Nonetheless, given the close, almost inextricable interactions between HIV and other causes of death during
and around pregnancy and inadequate systems for civil
registration in most countries, it will remain diﬃcult to
quantify the precise impact of HIV on maternal mortality
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in the foreseeable future. This should not serve as an excuse
for inaction. Urgent measures are required to provide the
many girls and young women who face the dual risks of
HIV infection and pregnancy with the services that they
need. In settings with a high HIV burden and continuing
high maternal mortality ratios, especially in sub-Saharan
Africa, this means scaling up comprehensive and integrated
programmes that include both improved HIV treatment and
care and improved reproductive health services [9].
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Objective. To examine risk factors for false positive HIV enzyme immunoassay (EIA) testing at delivery. Study Design. A review of
pregnant women who delivered at Parkland Hospital between 2005 and 2008 was performed. Patients routinely received serum
HIV EIA testing at delivery, with positive results confirmed through immunofluorescent testing. Demographics, HIV, hepatitis B
surface antigen (HBsAg), and rapid plasma reagin (RPR) results were obtained. Statistical analyses included Pearson’s chi-square
and Student’s t-test. Results. Of 47,794 patients, 47,391 (99%) tested negative, 145 (0.3%) falsely positive, 172 (0.4%) positive, and
86 (0.2%) equivocal or missing HIV results. The positive predictive value of EIA was 54.3%. Patients with false positive results were
more likely nulliparous (43% versus 31%, P < 0.001) and younger (23.9 ± 5.7 versus 26.2 ± 5.9 years, P < 0.001). HIV positive
patients were older than false positive patients and more likely positive for HBsAg and RPR. Conclusion. False positive HIV testing
at delivery using EIA is associated with young maternal age and nulliparity in this population.

1. Introduction
The Centers for Disease Control and Prevention (CDC)
and United States Preventive Services Task Force (USPSTF)
recommend universal HIV screening for all pregnant women
entering prenatal care [1, 2]. This screening enables HIVinfected women and their infants to benefit from appropriate
and timely interventions such as antiretroviral medications.
When the recommended antiretroviral and obstetric interventions are used, a woman who knows of her HIV infection
early in pregnancy now has a less than 2% chance of
delivering an HIV-infected infant. Without intervention, this
risk is approximately 25% in the United States [3–6].
Testing for HIV began in 1985 with the introduction
of the enzyme immunoassay (EIA). In order to account for
false positive results using screening tests in a low-prevalence
population, confirmatory testing has been implemented

using a Western blot or immunofluorescence assay. In a lowprevalence population, the false positive rate using the EIA
is increased compared to a high-prevalence population, and
the positive predictive value of any test will always depend on
the prevalence of the condition in the population tested. In
testing performed by the CDC, the EIA positive predictive
value ranges from 71 to 83% in populations with HIV
prevalence from 0.5 to 1% [7].
Pregnancy has been observed to be associated with
false positive HIV testing. Some investigators believe that
the presence of alloantibodies account for the increased
false positive rate associated with pregnancy, transfusions,
transplantation, and autoimmune diseases [8]. However,
risk factors specific to pregnancy that account for this are
poorly understood. Conversely, a recent large retrospective
study found that the false positive HIV EIA rate was lower
in pregnant women compared to nonpregnant individuals
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(0.14% versus 0.21%) [9]. Our objective was to determine
if any maternal characteristics correlated with false positive
HIV EIA testing at delivery.

2. Materials and Methods
This was a review of all women who delivered at Parkland
Memorial Hospital in Dallas, Tex, from October 1, 2005
through September 30, 2008. All women routinely received
serum HIV testing at their initial prenatal visit and at time of
presentation to labor and delivery for delivery via the optout approach with the Abbott Commander HIV AB HIV1/HIV-2 (rDNA) EIA (Abbott Laboratories, Abbott Park,
Ill). HIV test results performed at the time of delivery
were analyzed in this study. A woman was considered HIV
negative if EIA testing was negative. Positive test results were
confirmed with the fluorognost immunofluorescent assay
(IFA) HIV-1 (Sanochemia Corp, Stamford, Conn, USA).
Women were considered to be falsely positive if EIA results
were positive and the IFA was negative. Women delivered
in this time period were identified through the obstetric
operations database and linked to the pathology database for
HIV, hepatitis B surface antigen (HBsAg), and rapid plasma
reagin (RPR) results. Maternal characteristics, including
race, parity, age, singleton versus multiple gestation, and a
diagnoses of diabetes or hypertension were obtained using
the obstetrics operations database. Laboratory results drawn
28 days prior to delivery through seven days after delivery
were included.
The study was approved by the Institutional Review
Board at the University of Texas Southwestern Medical
Center. Categorical data were reported as frequencies, and
statistical significance was determined using χ 2 analysis.
Two-group comparisons were made using Student’s t-test. P
values less than 0.05 were considered statistically significant.
Statistical analyses were performed using SAS, Version 9.2
(SAS Institute, Cary, NC).

3. Results
A total of 47,794 women were identified who delivered
during the study time frame. Demographic and obstetrical
characteristics of the patient population are shown in
Table 1. Compared to HIV negative patients, false positive
patients were more likely to be nulliparous (43% versus 31%,
P < 0.001) and younger (mean age 23.9±5.7 versus 26.2±5.9,
P < 0.001). HIV positive patients were significantly older
than false positive patients (27.4 versus 23.9, P < 0.001) and
HIV negative patients (27.4 versus 26.2, P = 0.012).
Of the 47,794 women, 47,391 (99%) were HIV negative,
145 (0.3%) had a false positive test, 172 (0.4%) were
true positives, and 86 (0.2%) tested equivocal or were
missing HIV results. The specificity of the HIV EIA test
was 99.7% with a positive predictive value of 54.3%. The
sensitivity of the EIA test was presumed to be near 100%,
as the false negative rate using the EIA has been previously
demonstrated to be negligible in studies performed by the
manufacturer [10].
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Table 2 shows the prevalence of diabetes, hypertension,
hepatitis B, and results of syphilis testing in the study
population. HIV positive women were more likely to test
positive for hepatitis B surface antigen (1% versus 0%, P =
0.002) and RPR (2% versus 0%, P = 0.02). There was
no significant diﬀerence in the prevalence of diabetes or
hypertension between the three groups. There was also no
significant diﬀerence in the rate of HBsAg and RPR positivity
between the HIV negative and false positive groups.
When evaluating the interaction between nulliparity
and age, there is a significant correlation between the two
variables; that is, parous patients are likely to be older and,
therefore, nulliparity and age are not independent predictors
of HIV false positivity. However, when the HIV testing
groups (positive, false positive, negative) are stratified by
parity, the comparison of age across the three groups remains
significant only in nulliparous women (Table 3, P = 0.0003).
The interaction between parity and age means that the
diﬀerence in age between nulliparous and parous women is
diﬀerent depending on the HIV status. For example, in the
HIV positive group the nulliparous and parous women are
closer in age than in the false positive group.

4. Comment
This was the first population-based study to evaluate risk
factors for HIV false positivity in pregnant women presenting for delivery at a large urban institution. We found
that younger and nulliparous women were more likely to
have false positive testing using the HIV EIA. The observed
positive predictive value (PPV) of 54.3% was lower than
the previously reported by the CDC (PPV 71–83%) in a
nonpregnant population [7], suggesting that pregnancy may
be associated with a higher rate of false positivity. The low
positive predictive value of the HIV EIA in our study may
have been impacted by the relatively low HIV prevalence
(0.4%) in our population. This information could be useful
for counseling women who test positive for HIV at delivery
and emphasizes the limitations of EIA testing if used as
a rapid test to determine the need for intrapartum and
neonatal antiretroviral prophylaxis.
The false positive rates of currently available rapid HIV
tests have been reported to be much lower than has been
found with EIA testing in this study. Tung et al. evaluated the
HIV false positive rate in over 900 pregnant women, most of
whom were Hispanic, using both the EIA and a rapid pointof-care (POCT) test, OraQuick [11]. They found that while
there were no false positive tests with the OraQuick, there
were seven false positives using the EIA (PPV 100% versus
35.7%). In the Mother-Infant Rapid Intervention at Delivery
(MIRIAD) study, Jamieson et al. found that the PPV of the
OraQuick test was 90% while the PPV of the EIA was 74%
[12, 13].
Current recommendations by the CDC and the American College of Obstetricians and Gynecologists include rapid
HIV screening for women presenting to labor and delivery
with undocumented HIV status and for repeat HIV testing in
the third trimester for women at high risk or who live in areas
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Table 1: Demographic and obstetric characteristics of HIV positive, false positive, and negative women.
Characteristic
Age: mean ± std
Age
<18
18–35
>35
Race
Black
White
Hispanic
Other
Nulliparous
Parity
0
1
2
3
>3
Multiple gestation

Positive
N = 172

False positive
N = 145

Negative
N = 47391

27.4 ± 6.2

23.9 ± 5.7

26.2 ± 5.9

2 (1)
152 (88)
18 (10)

16 (11)
124 (86)
5 (3)

2494 (5)
41412 (87)
3485 (7)

116 (67)
16 (9)
38 (22)
2 (1)
45 (26)

19 (13)
8 (6)
118 (81)
0 (0)
63 (43)

4422 (9)
1955 (4)
39975 (84)
1039 (2)
14488 (31)

45 (26)
53 (31)
35 (20)
19 (11)
20 (12)
1 (1)

63 (43)
47 (32)
21 (14)
9 (6)
5 (3)
0 (0)

14488 (31)
14732 (31)
10690 (23)
4893 (10)
2588 (5)
531 (1)

Positive versus
false positive
<0.001
<0.001

P
Positive versus
negative
0.012
0.021

False positive
versus negative
<0.001
0.002

<0.001

<0.001

0.102

0.001
0.002

0.210
0.009

<0.001
0.004

0.358

0.502

0.200

Data expressed as N (%) or mean ± standard deviation.

Table 2: Comorbidities, hepatitis B, and RPR results in HIV positive, false positive, and negative women.
Characteristic
Diabetes
Hypertension
HBsAg
No result
Negative
Positive
RPR
No result
Nonreactive
Reactive

Positive
N = 172

False positive
N = 145

Negative
N = 47391

13 (8)
20 (12)

8 (6)
16 (11)

3015 (6)
4164 (9)

12 (7)
158 (92)
2 (1)

0 (0)
145 (100)
0 (0)

224 (0.5)
47038 (99)
129 (0.3)

5 (3)
163 (95)
4 (2)

0 (0)
145 (100)
0 (0)

31 (0.07)
47078 (99)
282 (0.6)

Positive versus
false positive
0.467
0.868
0.002

P
Positive versus
negative
0.521
0.189
<0.001

False positive
versus negative
0.677
0.340
0.580

0.020

<0.001

0.618

Data expressed as N (%).

with high HIV prevalence [7, 14, 15]. A woman testing
preliminarily positive for HIV in labor should be counseled
that she may have HIV infection and that her neonate may be
exposed, and immediate antiretroviral prophylaxis should be
recommended without waiting for confirmatory test results.
The results of our study may aid in counseling women
if they test preliminarily positive for HIV using the EIA,
while awaiting confirmatory testing results. It remains to be
determined whether the same risk factors for false positive
HIV EIA testing apply to the POCT tests used in a real life
setting.

Our study found that the positive predictive value of EIA
testing was only 54.3% and that younger nulliparous women
were more likely to test falsely positive. The reasons for these
findings are not entirely clear. Importantly, our data may
represent the real world performance of the EIA testing in
a large obstetric population-based setting. Investigators also
have noted a significant relationship between influenza vaccination and false positive screening for HIV antibodies [16–
18]. A potential reason for this cross reactivity is that there
are similarities in homology between the transmembrane
domains of the influenza envelope protein hemagglutinin
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Table 3: HIV testing groups stratified by age and parity.

HIV result
Positive
False positive
Negative

HIV result
Positive
False positive
Negative

Nulliparous
>19 years
≤19 years
N = 9671
N = 4925
10 (0.20)
35 (0.36)
35 (0.71)
28 (0.29)
4880 (99.1)
9608 (99.4)
Parous
>19 years
≤19 years
N = 31544
N = 1568
7 (0.45)
120 (0.38)
6 (0.38)
76 (0.24)
1555 (99.2)
31348 (99.4)

P
0.0003

P
0.5

Data expressed as N (%).

and the HIV-1 envelope proteins [19]. In our population,
there were no significant diﬀerences in age or parity and
influenza vaccination acceptance rates (unpublished data).
There were several limitations to our study. Women in
our study were from a single institution, with a predominantly Hispanic background, and therefore the results may
not be applicable to all populations. Reasons for false positive
HIV serology may vary depending on the geographical
region. While we did find a significant association between
young age, nulliparity, and HIV false positive testing, our
study does not have the capability to identify a causal
relationship or explain why this association may exist.
In addition, our study cannot address if these same risk
factors for false positive testing apply to all other HIV
tests. Further studies are needed to confirm our findings,
elucidate the biological mechanisms for increased HIV EIA
false positivity in young, nulliparous women, and compare
this conventional testing method with contemporary rapid
screening assays, including POCT.
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