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Abstract

Objective: We hypothesized that predictive value of tradi-
tional Ebola virus disease (EVD) screening in West African 
pregnant women is low because febrile and hemorrhagic 
complications of pregnancy that can mimic EVD are 
common.
Methods: Proportions of various categories of preg-
nancy loss from a hypothetical cohort of West African 
gravidas were used to construct a Kaplan-Meier curve. 
The incidence rate of each category was determined by 
multiplying its proportion by the overall incidence rate, 
calculated from the inverse of the area under the curve. 
Incidence rates of Ebola-like illnesses during pregnancy 
were obtained by multiplying their percentages by the 
incidence rates of categories of loss with which they 
coincide.
Results: During pregnancy about 1.5% of suspected EVD 
cases would prove to have EVD. Most of the remaining 
98.5% would have hemorrhagic and febrile complications 
of pregnancy.
Conclusion: Current guidelines consider obstetrical inter-
ventions inappropriate in suspected EVD during preg-
nancy. However, because the overwhelming majority of 
cases suspected by screening do not have EVD and might 
benefit from obstetrical intervention, policy makers must 
consider whether the small risk to properly protected 
health care workers from the 1.5% with true EVD justifies 
withholding potentially life-saving care from the 98.5% 
who ultimately test negative for EVD.

Keywords: Africa; Ebola; false-positive reactions; 
hemorrhagic fever; mass screening; predictive value of 
tests; pregnancy.

Introduction
An epidemic of the Zaire strain of Ebola virus began in 
West Africa in December 2013 and is presently concen-
trated in Guinea and the neighboring countries of Liberia 
and Sierra Leone. This epidemic of Ebola virus disease 
(EVD) is greater in scale and scope than past outbreaks. 
Fatality in cases with known outcomes is 70.8% [1], similar 
to that of past epidemics [2].

Ebola virus transmission occurs by contact with body 
fluids of symptomatic persons with EVD or with dead 
EVD victims. Fever and non-specific symptoms character-
ize the first few days, after which there is progression to 
abdominal pain, diarrhea, and vomiting. Gastrointestinal 
fluid losses are typically large [3, 4]. Clinically significant 
bleeding occurs as a late complication in a minority of 
patients. Shock develops because of gastrointestinal fluid 
losses and increased vascular permeability. Inadequate 
perfusion ultimately results in multiple organ failure, and 
death in the 2nd week of illness [3, 5]. Early supportive care 
with intravascular volume repletion and electrolyte moni-
toring and replacement is thought to improve outcomes 
of EVD [3–5]. In addition to maternal mortality, EVD in 
pregnancy is associated with miscarriage, fetal death, 
and excessive uterine bleeding [6–8]. Treatment of EVD in 
pregnancy is generally considered futile [6], although this 
view is based on limited reported experience.

Patients are screened for EVD by checking their body 
temperature and taking a brief history. Criteria to identify a 
suspected case are any of the following: (i) fever and contact 
with dead or living suspected or confirmed cases; (ii) fever 
and at least three other symptoms including malaise, 
fatigue, anorexia, headache, abdominal pain, muscle and 
joint pain, respiratory difficulty, diarrhea, and vomiting; (iii) 
unexplained bleeding; or (iv) sudden unexplained death 
[9]. In practice, many patients will not admit to contact 
with an EVD case because of fear of stigmatization. There-
fore, irrespective of a history of contact, patients with fever 
and/or uterine bleeding due to pregnancy complications 
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(chorioamnionitis, pyelonephritis, incomplete and septic 
abortion, ectopic pregnancy, placenta previa, and abruptio 
placenta), sometimes presenting as hypovolemic or septic 
shock, are suspect for Ebola virus infection. Thrombocy-
topenia, proteinuria, and elevated hepatic transaminases 
occur in EVD [5], as do headaches and seizures [3, 7], all 
signs and symptoms associated with pre-eclampsia and the 
syndrome of hemolysis, elevated liver enzymes, and low 
platelets (HELLP).

Laboratory confirmation of EVD is done by reverse 
transcriptase polymerase chain reaction (RT-PCR) testing. 
To achieve adequate sensitivity, patients with symptoms 
for fewer than 3 days and negative RT-PCR tests for Ebola 
virus require retesting in 48 h [10].

Current guidelines [6], based on small published series 
from past outbreaks [7, 8] and field experience during the 
current epidemic, recommend that interventions such as 
labor induction, amniotomy, surgery, operative vaginal 
delivery, and fetal monitoring should not be performed in 
a pregnancy with suspected or confirmed EVD. The ration-
ale is that any risk of EVD in health care workers is unac-
ceptable because treatment will not prevent the uniformly 
poor outcomes of EVD in pregnancy [6].

What are the consequences for women whose screen-
ing assigns them to the suspected case category, but who 
are later shown by specific testing not to have the virus? 
Unfortunately, many of the pregnancy complications 
that present as Ebola-like illness, such as septic abortion, 
ectopic pregnancy, placental bleeding, or chorioamnioni-
tis, often evolve acutely, and require prompt treatment. The 
interval during which obstetrical intervention is likely to be 
most beneficial has often elapsed before true-positive cases 
can be reliably distinguished from false-positive ones.

The consequences of this fact may be substantial. Based 
on observations at Princess Christian Maternity Hospital in 
Freetown, Sierra Leone in 2014, most situations in which 
potentially beneficial obstetrical interventions were with-
held occurred in cases of suspected EVD later determined 
to have had false-positive results of screening by tempera-
ture and history. In this study we quantify the predictive 
value of EVD screening during pregnancy by calculating 
incidence rates of EVD and Ebola-like illness in pregnant 
women in Sierra Leone. In doing so, we provide insight into 
the potential hazards of a high-sensitivity, low-specificity 
screening approach for pregnant women.

Materials and methods
This study did not directly involve human or animal subjects or 
medical records. All data were available from previously published 

sources. Thus, informed consent was unnecessary, and the study was 
exempt from Institutional Review Board or Ethics Committee review.

Calculating the incidence rate (cases/10,000 pregnant women/
week) of a pregnancy-specific illness is challenging because of the 
variable duration of pregnancy. We estimated by literature review 
the proportion of pregnancies lost from a hypothetical cohort of 
West African pregnant women from spontaneous and induced abor-
tion, ectopic pregnancy, and preterm and term live born and still-
born deliveries. We constructed a Kaplan-Meier curve of cumulative 
probability of survival (continuation of pregnancy) in weekly inter-
vals from the beginning of the 4th week (100% of cohort still preg-
nant) until the end of the 43rd gestational week when all deliveries 
were considered to have occurred. We defined early fetal loss to be 
between 5 and 13 weeks’ gestation, preterm delivery between 24 and 
36 weeks, and term delivery between 37 and 43 weeks. To simplify 
the construction of the curve we assumed a uniform distribution of 
losses within each category.

In this format, the area under the curve is person-weeks. The 
inverse of person-weeks is the overall incidence rate of loss from 
the cohort (losses/10,000 person-weeks). Specific incidence rates of 
loss categories (abortion, ectopic pregnancy, and preterm and term 
delivery) were obtained by multiplying their individual proportions 
by the overall incidence rate. Proportions of pregnancy-specific ill-
nesses [placenta previa, abruptio placentae, septic abortion, HELLP 
syndrome, and chorioamnionitis] that can masquerade as EVD and 
result in positive initial screening were obtained by literature review 
and multiplied by the incidence rates of the categories of losses with 
which they coincide to determine the incidence rates of pregnancy-
specific illnesses. Only the proportion of HELLP syndrome that 
occurs in normotensive women was considered to be Ebola-like in 
presentation. Treated pyelonephritis is not normally associated with 
pregnancy loss and can occur throughout pregnancy. Therefore, to 
determine the incidence rate of pyelonephritis the reported propor-
tion of pregnancies with pyelonephritis was divided by cumulative 
person-weeks from 4 to 43 weeks as determined from the area under 
the Kaplan-Meier curve.

Results
The calculated expected weekly incidence rates 
(cases/10,000 person-weeks) for EVD and Ebola-like ill-
nesses in Sierra Leonean pregnant women are shown in 
Table 1, where the predictive value of screening is 0.8/52.1 
(1.5%). The incidence rate of EVD reflects the reported 
peak incidence in Sierra Leone from November 10 to 30, 
2014, during which period there was an average of 485 
new cases weekly [11]. We considered the entire Sierra 
Leone population of 6,092,000 [12] to have been at risk.

Plasmodium falciparum malaria is holoendemic in 
West Africa, and can cause perinatal mortality and mor-
bidity [13]. Because most pregnant women have previ-
ously acquired functional immunity, they experience little 
febrile morbidity [13]. Therefore, malaria during preg-
nancy will infrequently present as Ebola-like illness and 
is excluded from Table 1. We assumed that the attack rates 
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for Lassa virus and Salmonella typhi in pregnancy are the 
same as in the general population. In Sierra Leone there 
are 6099–148,589 (midpoint 77,344) symptomatic Lassa 
virus seroconversions yearly [14]. The incidence rate of 
symptomatic Lassa fever is about 7.14 cases/10,000 per-
son-weeks; 20% have a severe illness [14] for which, for 
purposes of Table 1, we assumed medical attention would 
be sought. The incidence of typhoid fever in West Africa is 
38 cases/100,000 person-years [15].

Table 2 shows the proportions of losses from a hypo-
thetical cohort of pregnant women [16, 17]. The ratio of 
rows A/B (0.14) is equivalent to the ratio of 14 induced 
abortions for every 100 live births in West African coun-
tries that, like Sierra Leone, have restrictive abortion laws 
[18]. Cousens et al. reported that about 2.8% of deliveries 
in West Africa are complicated by stillbirth [19], equiva-
lent to the ratio of rows C/D (0.028). The preterm delivery 
ratio (preterm live births/all live births) averaged 17% in 
four low-income countries [20], equivalent to the ratio of 
rows E/B (0.17).

Table 3 summarizes cumulative continuation of preg-
nancy from 4 to 43 weeks. The area under the resulting sur-
vival curve (Figure 1) is cumulatively 26.8 person-weeks. 
The expected overall incidence rate of loss from the hypo-
thetical cohort of pregnant women is 1/26.8 person-weeks, 
or 373 losses from the cohort per 10,000 person-weeks. 
Multiplication of these 373 losses by the distributions in 
Table 2 results in the specific incidence rates of early fetal 
losses and deliveries in Figure 2.

We calculated the birth rate in Sierra Leone as 149 
births/1000 women of reproductive age (WRA) [21, 22]. 
From data in Figure 2 and a formula from the US Centers for 
Disease Control [23] we calculated that at any given time 
189,243 persons, or 3.1% of the Sierra Leone population, 

Table 1: Incidence rates of EVD and Ebola-like illnesses. 

Illness   Incidence rateb

EVD (peak incidence)a   0.80
Lassa fever   1.43
Typhoid   0.07
Abruptio placentae   2.78
Bleeding from placenta previa   1.83
Ectopic pregnancy   7.50
HELLP in normotensive   0.29
Septic abortion   11.31
Chorioamnionitis   9.30
Pyelonephritis   16.79
Total EVD and Ebola-like illness  52.10

aNovember 10–30, 2014 [11]; bCases per 10,000 pregnant women 
per week.
EVD = Ebola virus disease.

Table 2: Proportions of losses from hypothetical cohort of pregnant 
women.

Row  Event category   Proportion of cohort  Subtotals

  Early fetal loss
   Spontaneous abortiona   0.135 

A    Induced abortion   0.101   
   Ectopic pregnancy [16]   0.02   
   Total early losses      0.256
  Preterm delivery   0.127   
  Delivery at term and 

beyond
  0.616   

   Total deliveries      0.743
   Total losses from cohort  1  1
  Deliveries by live born vs. stillborn

B    Liveborn   0.722   
C    Stillborn   0.021   
D    Total deliveries      0.743

  Deliveries by preterm vs. term stratified by live born vs. 
stillborn

E    Preterm live born   0.124   
   Preterm stillborn   0.003   
   Term live born   0.598   
   Term stillborn   0.018   
   Total deliveries      0.743

a12–15% (midpoint 13.5%) of pregnancies end in clinically 
recognized spontaneous abortion [17].

Table 3: Summary of cumulative probability of survival 
(continuation of pregnancy) by gestational age for a hypothetical 
cohort of West African pregnant women.

Gestational 
week completed

  Cumulative probability of survival 
(continuation of pregnancy)

4   1.000
5   0.972
13   0.744a

14   0.744
23   0.744b

24   0.734
36   0.616c

37   0.528
43   0.000d

aProportion of total cohort lost 0.0285 per week × 9 weeks 
(gestational weeks 5–13) = 0.256; bno losses gestational weeks 
14–23; cproportion of total cohort lost 0.0098 per week × 13 weeks 
(gestational weeks 24–36) = 0.127; dproportion of total cohort lost 
0.088 per week × 7 weeks (gestational weeks 37–43) = 0.616.

are pregnant women. This estimate is comparable to that 
of other investigators [6]. That total multiplied by our 
estimated live birth incidence rate and by 52 weeks esti-
mates 265,698 live births annually, a crude birth rate of 
44/100,000 population/year, somewhat higher than that 
of 37.1/100,000 reported by the WHO [24].
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Figure 1: Kaplan-Meier curve of cumulative probability of survival 
(continuation of pregnancy) for a hypothetical cohort of West 
African pregnant women.

All losses from cohort,
n=373.4 (100%)

Liveborn (total),
n=269.9 (72.4%)

Early fetal losses,
n=95.6 (25.6%)

Deliveries,
n=277.7 (74.4%)

Spontaneous abortion,
n=50.4 (13.5%)

Stillborn (total),
n=7.9 (2.1%)

Induced abortion,
n=37.7 (10.1%)

Ectopic pregnancy,
n=7.5 (2%)

Term deliveries (total),
n=230.1 (61.6%)

Preterm deliveries (total),
n=47.6 (12.7%)

Term (liveborn),
223 (59.8%)

Preterm (liveborn),
n=46.25 (12.4%)

Term (stillborn),
n=6.5 (1.8%)

Preterm (stillborn),
n=1.35 (0.4%)

Figure 2: Incidence rates of losses from cohort of pregnant women 
as cases/10,000 person-weeks (n), percentage of all losses in 
parentheses.

The incidence rate of ectopic pregnancy in Table 1 
was taken from Figure 2. The incidence rates of other 
pregnancy-specific Ebola-like illnesses in Table 1 were 
obtained by multiplying percentages of illness by the spe-
cific incidence rates of the categories of losses (Figure 2) 
with which they coincide. Percentages of illness from our 

literature review are shown in Table 4. Placenta previa, 
abruptio placenta, and HELLP syndrome generally occur 
in late pregnancy ( ≥ 24 weeks).

In West Africa, where prenatal screening for bacte-
riuria is not routinely performed, an estimated 10–20% 
of pregnancies are affected [31]. About 30% of untreated 
cases develop pyelonephritis [32], a risk factor for preterm 
delivery. With early treatment, however, these pregnan-
cies can be expected to continue. The proportion of the 
cohort with pyelonephritis (0.045 using midpoints of 
ranges), was divided by person-time of pregnancy at risk 
(26.8 person-weeks) to determine the incidence rate in 
Table 1.

Discussion
Current screening protocols for EVD in West Africa, a 
low medical resource setting, are designed to be simply 
applied, and to relinquish specificity at the expense of 
high sensitivity. There are obvious virtues to this approach, 
in as much as screening to identify fever and pertinent 
medical history should identify the great majority of 
potential cases of EVD, allowing them to be managed in a 
setting in which supportive care can be effectively admin-
istered and transmission to others minimized. In setting 
public health policy, however, the potential hazards of 
this approach must be considered, particularly in the case 
of pregnant women. The fate of women who are identified 
as suspected EVD patients but who later are found to have 
some other disease is unknown. Our calculations suggest 
this is not a trivial problem.

Of all suspected EVD cases referred into Ebola treat-
ment centers (ETCs) 37–54% will have negative RT-PCR 
results [4, 33, 34]. Many have an endemic febrile illness 
[13–15]. According to our estimates, EVD in Sierra Leone 
may account for only 1.5% of suspected cases of EVD 
during pregnancy. Thus, 98.5% of pregnant women identi-
fied as possibly having EVD by standard primary screening 
will have other diseases, many of which are treatable and 
require prompt attention to avoid serious morbidity and 
mortality. The largest proportion of Ebola-like illnesses 
(71.8%) are pregnancy-specific infections (septic abortion, 
chorioamnionitis, and pyelonephritis). Another 2.9% are 
endemic infections with Lassa virus and S. typhi, which are 
treatable with antimicrobials; 14.4% are ectopic pregnan-
cies; and 9.4% are late-pregnancy complications of pla-
centa previa, abruptio placentae, and HELLP syndrome.

It is interesting that despite the scale of the current 
epidemic there have been only five pregnant women 
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identified in three published series of more than 843 
ETC patients [3, 4, 33], whereas 25–42 would have been 
expected, given that 3–5% of the population are pregnant 
[6]. Those few pregnant women have appeared in ETCs 
may reflect, in part, the prevailing notion that it is futile 
to care for them.

Even if further study confirms the validity of consid-
ering intervention during pregnancy with known EVD 
to be futile, this study demonstrates that intervention is 
both appropriate and likely to be beneficial in 98.5% of 
suspected cases of EVD identified by traditional screen-
ing. Moreover, the optimal opportunity to intervene for 
the benefit of the mother or fetus is likely to occur before 
a confirmatory negative test of Ebola virus will have been 
obtained. It is still uncertain how intervention in these 
suspected cases would alter the risk calculus for patients 
and health care workers.

The risk of EVD in health care workers is low when they 
follow recommended infection control practices and wear 
appropriate personal protective equipment (PPE) during 
care of non-pregnant individuals suspected to have EVD 
[35], even though half or more of such patients will be iden-
tified as true EVD cases [4, 33, 34]. This begs the question 
of whether obstetrical interventions represent an unaccep-
table risk to health workers using the same infection preven-
tion practices when only 1.5% of patients actually have EVD.

It is reasonable to assume, although it has not been 
demonstrated, that obstetrical interventions in patients 
with EVD confer additive risk of transmission to health 
care workers because Ebola virus is present in blood and 

amniotic fluid and procedures potentially increase the 
risk that PPE will be breached.

The precise toll extracted by current policies is 
impossible to calculate, but it is probably substantial. 
For example, Sierra Leone has one of the world’s highest 
maternal mortality ratios (1100 maternal deaths/100,000 
live births in 2013) [36]. The most common causes were 
hemorrhage, sepsis, unsafe abortion, and eclampsia [37], 
the very conditions that are likely to be confused with EVD 
and to have treatment withheld or delayed. In pregnant 
women with suspected EVD, the risk of infecting health 
workers by the few patients with EVD needs to be bal-
anced against the risks of non-intervention in the vast 
majority without EVD.

The policy of delaying obstetrical interventions until 
EVD has been definitively excluded is well-intentioned, 
and has been promulgated as a means to protect patients 
from futile interventions and health care workers from 
unnecessary risk. It is likely, however, that it has had the 
opposite effect for patients by delaying urgent appropri-
ate management of treatable complications of pregnancy. 
Until a rapid single-step point-of-care test for Ebola 
becomes available the best option would be to develop a 
refined screening algorithm based on unique characteris-
tics of pregnant women to improve specificity. This issue 
has a complex ethical dimension that is beyond the scope 
of this report, and which must be considered in policy 
making. It is equally important that care protocols be 
guided by an informed risk-benefit analysis that considers 
the unique needs of pregnant women.

Table 4: Proportions of pregnancy-specific Ebola-like illnesses. 

Illness   Proportions of illness (midpoint)   Formula for incidence rate of illness

Placenta previa   0.14–0.30% (0.22%) [25] of pregnancies have 
placenta previa that persists until delivery; bleeding 
is episodic (we assume three episodes).

  0.0022*total deliveries*3

Abruptio placentae   1% [26] of total deliveries.   0.01*total deliveries
HELLP in normotensive  HELLP 0.5–0.9% (0.7%) of total deliveries, 10–20% 

(15%) of these in normotensive women [27].
  0.007*0.15*total deliveries

Septic abortion   60% of induced abortions are performed by non-
physicians (a proxy for unsafe abortion) [18], 50% 
of unsafe abortions are complicated [18], 100% of 
complications are septic (described as sepsis, pelvic 
collection, uterine gangrene, tuboovarian abscess 
and/or retained products of conception) [28].

  0.60*induced abortions*0.50*1

Chorioamnionitis   One-third of preterm deliveries are due to preterm 
premature rupture of membranes (PROM) [29], 15% 
of preterm PROM develop clinical chorioamnionitis 
[30]; 2–4% (3%) of term deliveries are complicated 
by chorioamnionitis in labor [30].

  (0.333*preterm 
deliveries*0.15)+(0.03*term 
deliveries)

“Total deliveries”, “induced abortions”, “preterm deliveries”, and “term deliveries” refer to their respective incidence rates in Figure 2.
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