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a b s t r a c t 

The dissemination of the dengue virus (DENV) in endemic regions with HIV is a public 

health concern with greater importance when there is evidence of vertical transmission 

of DENV during pregnancy. Herein, we investigated DENV among HIV-infected pregnant 

women in Luanda, the capital city of Angola. This was part of a cross-sectional study car- 

ried out on 42 pregnant women newly diagnosed with HIV. A total of 36 plasma sam- 

ples from the 42 HIV-positive pregnant women were screened for DENV using RT-PCR and 

ELISA. None of the specimens tested positive for DENV by RT-PCR. Regarding seropreva- 

lence, 94.4% of the samples were positive for IgG and 11.1% for IgM. Recent infection (IgG- 

/IgM + or IgG + /IgM + ) was detected in 11.1% of the samples and past infection (IgG + /IgM-) 

in 83.3%. The risk of recent infection was higher in pregnant women over 25 years of age 

[OR: 13.0 (95% CI: 1.14–148), p = 0.039]. Our study showed laboratory evidence of a recent 

DENV infection among HIV-infected pregnant women attending antenatal care in Luanda. 

Our findings provide critical data regarding DENV infection among HIV-infected pregnant 

women in Luanda. Future studies involving a larger sample size of HIV-infected pregnant 

women are necessary to support ongoing public health programs to combat arboviruses in 

Angola. 
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Introduction 

Dengue is a mosquito-borne viral infectious disease caused by the dengue virus (DENV) transmitted to humans through 

the Aedes mosquitoes. It is endemic in more than 100 tropical and subtropical countries in Southeast Asia, the Americas, 

the western Pacific, Africa, and the eastern Mediterranean regions [1] . An estimated 10,0 0 0 deaths and 390 million DENV

infections occur each year [2–4] . Phylogenetic analysis indicated that the DENV lineage circulating in Angola, since 1968, 

has American-African origins, and strongly suggested that DENV is endemic in Angola [5] . During the years 2013 and 2018,

Angola experienced a DENV outbreak that was concentrated in Luanda province, the capital city of Angola [ 5 , 6 ]. A large pro-

portion of the population of Luanda lives in slums and tenement housing [7] . In addition, the Luanda province is frequently

visited by international business travelers mostly because of the oil trade [7] . 

Many infectious viruses such as DENV, Zika virus (ZIKV), and Chikungunya virus (CHIKV), coexist in tropical and subtrop- 

ical regions. This circulation of infectious agents has contributed to the high rates of morbidity and mortality in high-risk 

populations such as pregnant women. The determinants of the pathogenesis of DENV infection among human immunode- 

ficiency virus (HIV) infected patients are not fully understood [8–11] . Previous studies showed that DENV infection during 

pregnancy is associated with vertical transmission, miscarriage, and maternal mortality [11–15] . 

Limited published studies have assessed DENV infection prevalence among HIV-infected pregnant women, as well as 

the consequences for their infants in Angola [ 6 , 16 , 17 ]. In the present study, we aimed to investigate the seroprevalence of

DENV infection among HIV-infected pregnant women attending antenatal care in Luanda province. Our results could support 

public health programs for the prevention and elimination of the risk factors of adverse pregnancy outcomes in HIV-infected 

pregnant women from endemic areas with DENV in Angola. 

Materials and methods 

Study design and setting 

The current study was part of a cross-sectional study carried out on 42 pregnant women newly diagnosed with HIV 

regardless of the gestational period. All the patients were attending antenatal care at the Lucrecia Paim Maternity hospital 

from April to June 2018, in Luanda province, the capital city of Angola. The Lucrecia Paim Maternity is a tertiary health

unit and a reference center for research, training, and antenatal care for pregnant women from all provinces of Angola. 

The HIV-infected pregnant women were interviewed after signing written informed consent. A structured questionnaire was 

administered to obtain personal demographic characteristics such as age, local residence, level of education, occupation, and 

gestational period. 

Sample collection and molecular testing 

Plasma samples separated from a 5 mL venous blood sample obtained from each participant were stored at −80 °C 

until further analysis. The total viral ribonucleic acid (RNA) was manually extracted from 140 μL of plasma samples using 

the QIAamp Viral RNA kit (QIAGEN, Germany) following the manufacturer’s instructions. The HIV infection was confirmed 

by nested polymerase chain reaction (PCR) using the protocol described previously [18] . The presence of the DENV RNA

was screened using real-time reverse-transcription polymerase chain reaction (RT-PCR) with the Applied Biosystems 7500 

Fast RT-PCR System (Thermo Fisher Scientific). The Centers for Disease Control and Prevention (CDC) Trioplex real-time RT- 

PCR assay was used [ 19 , 20 ]. Briefly, the RT-PCR was carried out using 10μL of the RNA in a final reaction volume of 25μL

containing primers and dual-labelled hydrolysis (TaqMan®) probes targeting in vitro qualitative detection of the DENV, ZIKV, 

and CHIKV. Cycling conditions for the RT-PCR consisted of 30 min at 50 °C followed by 45 cycles of 2 min each at 95 °C,

15 s at 95 °C, and 1 min at 60 °C. The fluorescence capture was set to detect light emissions by the DENV, ZIKV, and CHIKV

through the fluorescent dye FAM, Texas Red, and VIC, respectively. The amplification curves were evaluated individually for 

each target virus and the threshold line was placed above the beginning of the exponential phase of the curve. Positive and

negative control samples were included. The results of RT-PCR were considered valid when positive control samples showed 

a cycle threshold (CT) value below 31. Specimens with CT values below 31 were considered positive while specimens with 

CT values equal to or above 31 were considered negative. 

Serological testing 

Commercially available indirect enzyme-linked immunosorbent (ELISA) assay was used to screen the presence of im- 

munoglobulin M (IgM) (EUROIMMUN, Germany) and immunoglobulin G (IgG) (EUROIMMUN, Germany) antibodies against 

DENV following the manufacturer’s instructions. Briefly, 100 μL of 1:100 diluted plasma samples were added to wells coated 

with anti-human IgM or IgG and incubated at 37 °C. Afterward, the wells were washed three times and incubated at room

temperature (RT) with 100μL of the conjugate. Then, the wells were again washed three times and incubated at RT in the

dark with 100 μL of the substrate. Finally, 100 μL of the stop solution was added and the plate was read ten minutes later.

The absorbance value was measured at 450 and 620 nm. Positive and negative control were included in each ELISA assay.

A positive ELISA result was defined as an absorbance twice that of the negative control according to the manufacturer’s 
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instructions. The serological results of DENV infection were grouped as follows: no infection (IgG-/IgM-), past infection 

(IgG + /IgM-), and recent infection (IgG-/IgM + or IgG + /IgM + ). The molecular and serological testing were performed at the

molecular biology laboratory of the Instituto Nacional de Investigação em Saúde (INIS), in Luanda, Angola. 

Data description 

The sociodemographic and clinical data were coded and analyzed using the Statistical Package for the Social Sciences 

(SPSS) version 25 for windows (IBM SPSS Statistics, USA). The descriptive analysis was presented as frequencies and per- 

centages. Normally distributed data were presented as mean and standard deviation. The patient demographics were cate- 

gorized and dichotomized as follows: age ( < 25 years old vs . ≥25 years old), local residence (urbanized area vs. rural area),

level of education (pregnant women illiterate and with primary education were categorized as a low educational level while 

pregnant women with secondary or tertiary education levels were categorized as high educational level), occupation (un- 

employed vs. employed), and gestational period (first trimester vs. second or third trimester). A Chi-square test and logistic 

regression analysis were carried out with all explanatory variables to check the potential interactions between patient de- 

mographics and DENV infection in HIV-infected pregnant women. The odds ratio (OR) and their 95% confidence intervals 

(CIs) were calculated to determine the strength and direction of the interaction between variables. The reported p-value are 

two-tailed and deemed statistically significant when p < 0.05. 

Ethics approval 

The study protocol was reviewed and ethical approval was obtained from the Ethics Committee of Angola (nr.13/2018) 

and the general directorate from Lucrecia Paim Maternity hospital (nr.083/GDG/MLP/2018). All HIV-infected pregnant women 

undergoing antenatal care examination were invited and consent to participate was secured from each participant or legal 

guardians. 

Results 

Between April to June 2018, a period of a DENV outbreak in Luanda province, 42 HIV-infected pregnant women were 

enrolled in our study. The mean age of HIV-infected pregnant women was 28 ±6 years old, ranging from 14 to 42 years old.

The majority of pregnant women was in the age group ≥25 years (78.6%, 33/42), living in rural area (52.4%, 22/42), with

low educational level (85.7%, 36/42), and unemployed (64.3%, 27/42). When the pregnant women were enrolled, 9 (21.4%) 

were in the first trimester of gestation, 11 (26.2%) in the second trimester of gestation, and 22 (52.4%) in the third trimester

of gestation. 

DENV infection among HIV-infected pregnant women 

The results of nested-PCR confirmed HIV infection in all specimens collected. CT values of 30.2, 24.0, and 26.6 were 

obtained from RT-PCR in the positive control samples used for target DENV, ZIKV, and CHIKV, respectively. None of the 42

samples subjected to RT-PCR tested positive for DENV, ZIKV, or CHIKV. The presence of IgG and IgM antibodies against DENV

infection could only be screened in 36 plasma samples out of 42 specimens collected due to inadequate plasma samples. The

demographic characterization and seroprevalence of DENV infection among HIV-infected pregnant women enrolled in this 

study are shown in Table 1 . The overall seroprevalence of DENV infection detected by ELISA among HIV-infected pregnant

women was 94.4%. A total of 94.4% (34/36) and 11.1% (4/36) of plasma samples were IgG and IgM-positive, respectively. 

Recent infection (IgG-/IgM + or IgG + /IgM + ) was detected in 11.1% (4/36) of the plasma samples whereas non-infection (IgG-

/IgM-) and past infection (IgG + /IgM-) were detected in 5.6% (2/36) and 83.3% (30/36), respectively ( Table 1 ). 

Determinants of DENV infection among HIV-infected pregnant women 

Significant differences were observed between recent infection and age groups, being more frequent in the under 25 

years old age class ( Table 1 ). Non-infection and past infection were significantly associated with the gestational period 

( p < 0.05). On the other hand, there were no significant differences between IgG or IgM seropositive by place of residence,

educational level, and occupation ( Table 1 ). The chances of recent infection were higher in HIV-infected pregnant women 

younger than 25 years old [OR: 13.0 (95% CI: 1.14–148), p = 0.039] ( Table 2 ). On the other hand, despite not being statisti-

cal significance all recent DENV infections were observed in pregnant women with low educational levels and unemployed 

( Table 1 ). Moreover, a putative chance related to DENV infection has been observed in low educational levels and the un-

employed pregnant women, and pregnant women living in rural areas ( Table 2 ). 

Discussion 

Although DENV and HIV infections are endemic and major public health problems in Angola, there is a lack of published

studies assessing the seroprevalence of DENV fever in HIV-infected patients in Angola [ 6 , 16 , 17 ]. To the best of our knowl-

edge, this seroprevalence study is the first description of DENV infection among HIV-infected pregnant women in Luanda 
3 
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Table 1 

Seroprevalence and determinants of DENV infection among HIV-infected pregnant women attending antenatal care in Luanda, Angola, 2018. 

Patient demographics 

No. of 

pregnant 

women (%) Non-infection (IgG-/IgM-) Past infection (IgG + /IgM-) 

Recent infection (IgG-/IgM + or 

IgG + /IgM + ) 

No (%) Yes (%) p-value No (%) Yes (%) p-value No (%) Yes (%) p-value 

Overall 36 (100) 34 (94.4) 2 (5.6) 6 (16.7) 30 (83.3) 32 (88.9) 4 (11.1) 

Age groups 

< 25 years 9 (25.0) 9 (100) 0 (0.0) 0.401 3 (33.3) 6 (66.7) 0.121 6 (66.7) 3 (33.3) 0.014 ∗

≥25 years 27 (75.0) 25 (92.6) 2 (7.4) 3 (11.1) 24 (88.9) 26 (96.3) 1 (3.7) 

Place of residence 

Urban area 18 (50.0) 18 (100) 0 (0.0) 0.146 1 (5.6) 17 (94.4) 0.074 17 (94.4) 1 (5.6) 0.289 

Rural area 18 (50.0) 16 (88.9) 2 (11.1) 5 (27.8) 13 (72.2) 15 (83.3) 3 (16.7) 

Educational level 

Low 33 (91.7) 31 (93.9) 2 (6.1) 0.661 6 (18.2) 27 (81.8) 0.418 29 (87.9) 4 (12.1) 0.522 

High 3 (8.3) 3 (100) 0 (0.0) 0 (0.0) 3 (100) 3 (100) 0 (0.0) 

Occupation 

Unemployed 25 (69.4) 24 (96.0) 1 (4.0) 0.539 5 (20.0) 20 (80.0) 0.418 21 (84.0) 4 (16.0) 0.159 

Employed 11 (30.6) 10 (90.9) 1 (9.1) 1 (9.1) 10 (90.9) 11 (100) 0 (0.0) 

Gestational period 

First trimestrer 8 (22.2) 6 (75.0) 2 (25.0) 0.006 ∗ 4 (50.0) 4 (50.0) 0.004 ∗ 6 (75.0) 2 (25.0) 0.156 

Second or third trimestrer 28 (77.8) 28 (100) 0 (0.0) 2 (7.1) 26 (92.9) 26 (92.9) 2 (7.1) 

∗ The variables were statistically significant for the Chi-square test ( p < 0.05). 

Table 2 

Determinants of recent DENV infection among HIV-infected pregnant women attending antenatal care in Luanda, Angola, 2018. 

Patient 

demographics 

Univariate analysis Multivariate analysis † 

OR (95% CI) p-value AOR (95% CI) p-value 

Age groups 

< 25 years old 13.0 (1.14–148) 0.039 10.0 (0.56–178) 0.117 

≥25 years old 1.00 – 1.00 –

Place of residence 

Urban area 0.29 (0.03–3.14) 0.311 0.27 (0.02–4.79) 0.374 

Rural area 1.00 – 1.00 –

Educational level 

Low 1.00 – 1.00 –

High 0 (0.0–0.0) 0.999 0 (0.0–0.0) 0.999 

Occupation 

Unemployed 1.00 – 1.00 –

Employed 0 (0.0–0.0) 0.999 0 (0.0–0.0) 0.999 

Gestational period 

First trimester 4.3 (0.50–37.3) 0.182 7.38 (0.43–126) 0.167 

Second or third trimester 1.00 – 1.00 –

Abbreviations: OR, odds ratio; CI, confidence interval; AOR, adjusted odds ratio. 
† Adjusted for all the explanatory variables listed. 

 

 

 

 

 

 

 

 

province. In this analysis of DENV infection in HIV-infected pregnant women during the recent DENV outbreak in the year 

2018, the overall seropositivity was 94.4%. Almost all HIV-infected pregnant women (83.3%, 30/36) had laboratory evidence 

of past DENV infection whereas 4/36 (11.1%, 95%CI 3.1–26.1)had recent DENV infection ( Table 1 ). The recent DENV outbreak

in Luanda could have contributed to the high seropositivity found in this studied population [6] . 

The negative RT-PCR viral DENV results observed in IgM positive samples (4/36) in our study, could be ascribed to the

fact that IgM antibodies could still be detectable 7 days after the of onset of symptoms as well as two to three months after

viral exposure. On the other hand, the DENV viremia period is short (about five days) indicating that the investigation of

recent DENV infection through serological markers (IgM/IgG) may not be sensitive enough in endemic regions with a large 

number of asymptomatic patients [21] . 

The high level of DENV IgG positive (94.4%, 34/36) observed in our study, suggests the previous infection by DENV in

almost all HIV-infected pregnant women. Moreover, our results also indicated that Luanda province is an endemic region 

with DENV in Angola with a high risk of spread of infectious diseases transmitted by an arthropod. Similar results of a

high prevalence of DENV IgG positivity were also observed in 92% of the HIV-infected pregnant women screened for DENV 

infection in Brazil [22] , whereas different results including a low prevalence of DENV IgG positivity were found in preg-

nant women from the Democratic Republic of Sao Tome and Principe [23] and China [24] . The unprecedented population

growth, uncontrolled urbanization, house-to-house movements of people living in precarious conditions of basic sanitation, 

international trade, travel of people from countries with active DENV transmission, climate change, breach of public health 
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infrastructure, and breach of vector control programs, contribute disproportionately to spread of local and imported cases of 

DENV in Angola [ 1 , 25 ]. 

The prevalence of recent DENV infection (IgM positive – 11.1%) identified in our study was higher compared to a previous 

report on pregnant women (2.8 – 10.6%) from Brazil [ 21 , 26 ]. Although adult pregnant women are the population most

affected by HIV infection (75.0%, 27/36) ( Table 1 ), a statistically significant highr risk of DENV infection was observed in

younger HIV-infected pregnant women [OR: 13.0 (95% CI: 1.14–148), p = 0.039] ( Table 2 ). One of the possible explanations

for the high likelihood of recent DENV infection among younger pregnant women in Luanda could be attributed to the fact

that these young women work or have more outdoor activities, therefore increasing exposure to the Aedes mosquito bite 

that causes DENV infection. These results are not surprising since 91.7% and 69.4% of the screened HIV-infected pregnant 

women had a lower academic level and were unemployed, respectively ( Table 1 ). 

A previous study showed an increase in incidence, hospitalization and severity of DENV infection among younger patients 

over the past ten years indicating a possible change in the population at risk of infection, from adults to younger people [27] .

This epidemiological change and the high risk of recent DENV infection in younger patients observed in our study could be

explained by the fact that adults develop immune responses to all dengue serotypes over time making younger people more 

susceptible to DENV infection. However, these changes should serve as a warning to Angolan health authorities to provide 

timely health care for younger patients. We also cannot exclude the possibility that DENV infection leads to increased risk of

miscarriage or even maternal mortality, and in older age groups these events could be more frequent, leading to a reduction

in successful pregnancies. Indeed, other studies have shown a higher risk of miscarriage [14] or higher mortality [15] with

DENV infection during pregnancy. 

Although no statistical significance was observed, the majority of recent DENV infections n = 3 (75.0%, 95%CI 10.4–99.4), 

as well as the risk of recent infection, were identified among HIV-infected pregnant women living in rural areas of Luanda.

On the other hand, the multivariate logistic regression analysis showed that although not statiscally significant, risk of recent 

DENV infection was 7.38 times (95% CI: 0.43 – 126) higher among HIV-infected pregnant women in their first trimester of 

gestation compared to pregnant women in their second or third trimester of gestation ( Table 2 ). Our findings and the recent

evidence of vertical transmission, miscarriage, and maternal mortality of DENV infection during pregnancy [12–15] , indicate 

that continuous surveillance which includes differential screening for the acute febrile syndrome among pregnant women 

to prevent adverse effects and vertical transmission of DENV infection in the non-urbanized regions should be considered 

mainly during periods of increased viral circulation in endemic areas from Angola. 

Our study has some potential limitations. The limited representativeness of the studied population diminishes the gener- 

alization of our results and might not be sufficient to support public health programs on the risk factors of vertical transmis-

sion and adverse pregnancy outcomes of DENV infection among HIV-infected pregnant women in Luanda. The prevalence 

of DENV infection in non-pregnant populations has not been investigated, and we suggest further studies in this approach. 

We are therefore unsure whether the observed prevalence in pregnant women varies significantly from that observed in the 

general population. The specific non-structural proteins ( e.g. , NS1) that indicate recent DENV infection, as well as the pos-

sibility of cross-reactivity between assays based on the detection of antibodies against different flaviviruses such as ZIKV, a 

flavivirus closely related to DENV, were not evaluated [28] . Despite these limitations, our results highlight the concern about 

the risk of asymptomatic DENV infection during pregnancy suggesting that the Angolan Ministry of Health should consider 

the possibility of implementing screening and monitoring programs for DENV infections in HIV-infected pregnant women in 

the future, especially in endemic areas for DENV in Angola ( e.g. , provinces of Luanda and Cuanza Norte). Future large-scale

prospective studies with extensive laboratory testing of DENV infection in HIV-infected pregnant women are necessary, to 

obtain epidemiological and clinical data that could elucidate the effect of asymptomatic or severe DENV infection on the 

population of HIV-infected pregnant women in endemic areas of Angola. 

Conclusion 

The present study showed a high seroprevalence of DENV infection with laboratory evidence of a recent DENV infec- 

tion among HIV-infected pregnant women attending antenatal care in Luanda province. This study provides critical data 

regarding the seroprevalence of DENV infection among HIV-infected pregnant women in Luanda. Future studies involving 

a larger sample size of HIV-infected pregnant women are necessary to support ongoing public health programs to combat 

arboviruses in endemic areas of Angola. 
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