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ABSTRACT 
Most studies have linked protease inhibitor (PI) based highly active antiretroviral therapy (HAART) to spontaneous preterm birth 

(sPB) without explaining how. We hypothesized that alteration in genital tract flora caused by HAART may cause changes in local 

cytokine profile which may further result in sPB. The aim of this study was to determine association between Non-efavirenz based 

HAART, particularly PI based HAART, and Th1/Th2 cytokine ratio in pregnant women with intermediate vaginal flora (IVF) in 

Kisumu, Kenya. The study was carried out at Lumumba sub county hospital. Willing 76 pregnant women who started HAART on or 

before the first trimester were enrolled after signing informed consent forms. Using formatted questionnaire participants were 

interviewed on demographic, clinical and behavioral information. High vaginal swabs for diagnosis of abnormal vaginal flora (AVF), 

venous blood and lavage for IL 1β and IL 6 assay were collected in the second trimester and at the same time from each participant. 

Fisher’s Exact Chi square test and multinomial logistic regression were used to determine the association of AVF with HAART and 

participants characteristics. Eleven (11) participants out of the 76 had IVF and in 4 of the 11 there was positive independent 

association between IVF and Non-efavirenz based HAART. The 4 were cases and the remaining 7 control. Enzyme linked 

immunoassay (ELISA) was used to assay IL 1β and IL 6 in serum and cervico-vaginal lavage (CVL) in the 11 participants. Th1/Th2 

cytokine ratio was taken as ratio of IL 1β to IL 6 concentration and Mann-Whitney U test used for comparison of Th1/Th2 cytokine 

ratio and concentration of IL 1β and IL 6 in HAART categories. In CVL IL1β concentration was statistically significantly higher in 

pregnant women on non efavirenz HAART than the pregnant women on efavirenz HAART (U = 1.00, p = 0.012). This was replicated 

in PI based HAART against efavirenz based HAART (U = 0.00, p = 0.017). On the other hand Th1/Th2 cytokine ratio in CVL was 

significantly statistically higher in pregnant women on non efavirenz based HAART than the pregnant women on efavirenz based 

HAART (U = 3.00, p = 0.042). Which was again replicated in PI based HAART against efavirenz based HAART (U = 0.00, p = 

0.017). Since sPB is mostly correlated to local genital biomarkers compared to systemic biomarkers, studying Th1/Th2 cytokine ratio 

in genital tract may better explain what triggers sPB than studying systemic cytokine profiles. 
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1.0 INTRODUCTION 

1.1 Background information 
Highly Active Antiretroviral Therapy (HAART) is a 

recommended treatment for adult HIV-infected 

population which uses at least 3 antiretroviral drugs(1). 

Abnormal vaginal flora (AVF) is a condition in which 

the normal vaginal microflora of Lactobacilli is 

severely reduced and anaerobic bacteria predominate 

along with the facultative organism, G. vaginalis and 

includes BV and IVF (2). Spontaneous preterm birth 

(sPB) is live birth before 37 weeks of gestation which 

follows spontaneous preterm labour with or without 

preterm premature rupture of membrane (PPROM)(3).  

The public health burden of preterm birth has been 

compounded by the fact that preterm birth rate have 

been reported to be increasing globally (1, 2, 3, 4, and 

5) while efforts to stop or reduce its prevalence have

been largely futile (5). The use of HAART in pregnancy 

and breast feeding to prevent mother to child 

transmission of HIV (8) has further complicated this 

matter. Studies in developed countries have shown that 

protease inhibitor (PI) based HAART is associated with 

preterm birth (9) although with lack of consensus (10). 

Data from Europe and the UK (10) have shown positive 

association while that from United States (11), Latin 

American and the Caribbean (12) as well as a recent 

meta-analysis of 14 perinatal studies (13) did not show 

any significant association. Some studies have also 

reported increased risk of preterm birth (<37 weeks 

gestational age) with PIs (12, 13, and 7), whereas others 

have not found this association (12).  
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In Africa few studies have linked HAART to low birth 

weight (16) however experience with HAART during 

pregnancy in Africa has been relatively limited and 

information about pregnancy outcomes lacking (17). 

Studies in developing nations have also suggested that 

association between HAART and adverse pregnancy 

outcome is not confined to PI-based HAART (18). For 

example a Ugandan randomized trial comparing 

lopinavir-ritonavir and efavirenz-based HAART found 

no significant difference in preterm delivery between 

regimens (19). However Li et al., 2016 (20) linked 

efavirenz based HAART to preterm birth. Women who 

received efavirenz based HAART had higher preterm 

delivery rates than those receiving nevirapine based 

HAART (RR 1.45, 95% CI, 1.01–2.07).  

Factors associated with preterm birth have been linked 

to preterm birth through inflammation (21) and markers 

of inflammation known as biomarkers of preterm birth 

(22). In the same way attempts have been made to try 

and link PI based HAART and BV to preterm birth. 

Fiore et al. (23) showed that HAART increases the 

level of IL-2 (Th1) and decreases the level of IL-10 

(Th2) in peripheral blood mononuclear cells (PBMCs) 

although this shift was not linked to preterm birth (23).  

On the other hand a number of studies done in United 

Kingdom, United States, Finland, Jakarta, Indonesia 

and Australia have linked BV to preterm birth. This is 

seen as increased risk of preterm delivery (24) and 

pregnancy loss or miscarriage between 14 -22 weeks. 

Bacterial vaginosis is associated with adverse effects in 

the first, second and third trimester of pregnancy (25).  

Bacterial vaginosis may be linked to preterm birth 

through inflammation. The inflammatory link is seen as 

increased concentrations of IL-lβ and IL-8 in vaginal 

fluid of women with BV (26) including pregnant ones 

(27) or a Th1 shift of local vaginal inflammatory 

response (28). Bacterial vaginosis has also been shown 

to cause partial activation of systemic cytokine network 

(29). Recently a study suggested that HIV does not 

actually have a major impact on vaginal concentrations 

of proinflammatory cytokines if the presence of 

bacterial vaginosis is controlled for (30). A number of 

studies have shown that HAART have no influence on 

genital tract inflammation (29, 30, 31, and 32) while 

preterm birth in human being have been solely link to 

changes in genital tract inflammation rather than 

changes in systemic inflammation.  

Animal studies have shown that genital local 

inflammation models mimics more closely what is 

observed clinically in sPB than systemic illness or 

inflammation (35). Most preterm labour occur without 

signs or symptoms of systemic illness. Animal models 

link systemic inflammation to preterm birth only in 

cases where there are conditions which increase 

bacteremia or sepsis like pneumonia or pyelonephritis 

while most preterm labour occur without significant 

increases in white blood cell counts, C-reactive protein 

or temperature (34, 35, and 36). Studies have also 

demonstrated an association between intrauterine 

infection or inflammation and preterm birth (37, and 

38).  Intrauterine inflammation shown by histological 

chorioamnionitis is evidenced in more than 85% sPB at 

less than 28 weeks (39, and 34) and about 65% of 

pregnancies delivered at less than 37 weeks (42).  

This study is therefore designed to determine if the link 

between HAART and sPB could be changes in local 

genital inflammation due persistent BV during the use 

PI based HAART therapy. 

2.0 MATERIALS AND METHODS 

2.1 Study Site 
The study was conducted at Lumumba sub county 

hospital in Kisumu, Kenya. Lumumba Sub County 

hospital is the Kisumu’s busiest municipal maternity 

facility. FACES is a family-focused, comprehensive 

HIV prevention, care, and treatment program working 

collaboratively with the Kenyan Ministries of Health 

(MOH) to build sustainable HIV care systems including 

prevention of mother to child transmission of 

HIV/AIDS. It was launched in Kisumu in March 2005 

at Lumumba Health Centre, the now Lumumba Sub 

County hospital. It therefore has facilities and 

experienced staff for this study plus being a catchment 

for a population with high prevalence of HIV and 

adverse pregnancy outcome. 

Kisumu town is within Kisumu County which lies 

within longitudes 33° 20’E and 35° 20’E and latitudes 

0° 20’south and 0° 50’south. The County is bordered by 

Homa Bay County to the South, Nandi County to the 

North East, Kericho County to the East, Vihiga County 

to the North West and Siaya County to the West. The 

County covers a total land area of 2,009.5 km2 and 

another 567 km2 covered by water. The catchment area 

for this facility is Kisumu county and to a lesser extent 

the neighboring counties. 

The prevalence of HIV in this region is the highest in 

Kenya and more than doubles the national average of 

about 6%. The prevalence of each county is as follows: 

Homa bay 20.7%, Siaya 21.0%, Kisumu 16.3% and 

Migori13.3%. Approximately 50% of all adults living 

with HIV in the country are in Nairobi, Homa Bay, 

Kisumu, Siaya, Migori, Kiambu, Kakamega and 

Mombasa counties while 50% children 0-14 years 

living with HIV are from 7 out of the 47 counties, 

namely, Homa Bay, Siaya, Kisumu, Nairobi, Migori, 

Kakamega and Nakuru. (43). As early as 1987 

Premature labour accounted for 55.3% of the 15.0% 

incidence of LBW in Nyanza Provincial General 

Hospital, Kisumu (44). Nyanza Provincial General 

Hospital is the now Jaramogi Oginga Odinga Teaching 

and Refferal Hospital and with the rising prevalence of 
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adverse pregnancy outcomes this figure could be much 

higher now.  

2.2 Study Population 
The study recruited expectant female participants, aged 

18 to 39 years, seeking care at Lumumba sub county 

hospital under FACES program. FACES is a family-

focused, comprehensive HIV prevention, care, and 

treatment program working collaboratively with the 

Kenyan Ministries of Health (MOH) to build 

sustainable HIV care systems including prevention of 

mother to child transmission of HIV/AIDS. It was 

launched in Kisumu in March 2005 at Lumumba Health 

Centre, now Lumumba sub county hospital. Lumumba 

sub county hospital is the Kisumu’s busiest maternity 

facility. 

2.3 Inclusion Criteria 
Pregnant women who initiated HAART on or before 

first trimester and were willing to participate in the 

study. 

2.4 Exclusion criteria 
Must not be suffering from any conditions associated 

with adverse infant outcome like cardiovascular 

conditions, obstetric risk factors and factors which 

could influence the level of interleukins in the serum 

and genital tract other that the factors being 

investigated. 

2.5 Study Design 
Willing 76 pregnant women, aged 18 to 39 years, and 

started HAART on or before the first trimester were 

enrolled after signing informed consent forms. Using 

formatted questionnaire participants were interviewed 

on demographic, clinical and behavioral information. 

High vaginal swab for diagnosis of AVF, venous blood 

and lavage for ELISA were collected in the second 

trimester and at the same time from each participant. 

Fisher’s Exact Chi square test and multinomial logistic 

regression were used to determine the association of 

HAART and participants characteristics with AVF as 

reported in Awiti et al 2022(45). Eleven (11) 

participants out of the 76 had IVF and in 4 of the 11 

there was positive independent association between IVF 

and Non-efavirenz based HAART. Since the aim of this 

study was to determine the association between Non-

efavirenz based HAART, particularly PI based 

HAART, and Th1/Th2 cytokine ratio in pregnant 

women with IVF in Kisumu, Kenya we identified the 

remaining 7 with IVF as control while the 4 participants 

remained the cases.  ELISA was used to assay IL 1β 

and IL 6 in serum and CVL in the 11 participants. 

Th1/Th2 cytokine ratio was determined as explained in 

Rhodus et al. 2007(46) while Mann-Whitney U test was 

used for comparison of CVL and serum IL 1β, IL 6 and 

Th1/Th2 cytokine ratio in the HAART categories. 

2.6 Study Procedures 

2.6.1 Sample collection and processing 
Lavage and venipuncture were performed on the same 

day higher vaginal swab for the diagnosis of AVF by 

Gram stain (Nugent’s scoring system) was performed. 

Lavage was performed using10 ml of RPMI 1640 

medium into the vagina, allowing one minute pooling 

and aspirating the suspension. Presence of blood 

contaminants was tested using reactive strips, Bayer, 

multistic-10 visual; while the absence of red blood cells 

and sperm was confirmed using a microscope (47).   

Venipuncture was used to collect blood using heparin as 

an anticoagulant. The lavage fluid was centrifuged for 

10 min at 80g and the supernatant collected. The blood 

sample was also centrifuged to obtain serum. The 

supernatant and serum were cryopreserved in liquid 

nitrogen at UNIM in Lumumba Sub county hospital 

until use. The supernatant of CVL and serum was used 

to assay IL 1β and IL 6.  

2.6.2 Assay of supernatants and serum for 

IL-1β and IL-6 by ELISA assay 
The supernatant and serum were used for the 

measurement of IL-1β and IL-6 levels in CVL and 

blood serum. Measurement of IL-1β and IL-6 levels 

was done via an ELISA kit (Dldevelop © 2016; A3-

South, 100#; shuigoutou,renminxi; 

Rd,Wuxi,Jiangsu,214031,PRC. www.dldevelop.com) as 

per the manufacturer’s instructions. The optical 

densities were read using the Multiskan™ FC 

Microplate Photometer Thermofisher scientific (168 

Third Avenue. Waltham, MA USA). 

Briefly, 7 wells for diluted standard, 1 well for blank 

and remaining wells for samples were determined in 

pre-coated 96-well strip plate. Into appropriate wells 

100µL each of standard, blank and samples were added 

sealed and incubated at 370C for 2 hours. Liquid was 

removed from each well without washing and 100µL of 

detection reagent A working solution (1:100) added to 

each well and incubated for 1 hour at 370C. This was 

followed by 3 times aspiration/washing using 300µL of 

1 x wash solution.  Addition of 100µL of detection 

reagent B working solution (1:100) to each well then 

followed, incubated for 1 hour at 370C. After 5 times 

aspiration/washing using 300µL of 1 x wash solution 

90µL of substrate solution was added to each well and 

incubated for 15-25 minutes at 370C. Finally 50µL of 

stop solution was added to each well and OD 

measurements taken at 450nm.  

The duplicate readings for each standard, control and 

sample were averaged, then the average zero standard 

optical density subtracted. A standard curve was then 

constructed for each run by plotting the mean O.D. and 

concentration for each standard and a best fit curve 

drawn through the points, where the sample reading 
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was outside the standard curve, the sample was serially 

diluted to obtain values in the range of the reference 

curve.  

The intra and inter-assay coefficients of variation for 

the IL-1β assay were <10% and <12%, and for the IL-6 

assay were <10% and <12% respectively. The lower 

detection limit for human IL-1β  was 31.2 pg/mL and 

for IL-6 it was 7.81 pg/mL; a zero value was assigned 

to samples below these limits, but there was no sample 

which had value below detection limit (48 and 49). 

2.6.3 Determination of Th1/Th2 
Th1/Th2 cytokine ratio was determined as explained in 

Rhodus et al. 2007(46). Briefly, after taking the average 

concentration of IL-1β and IL-6 in CVL and serum, the 

concentration of IL 1β was divided by that of IL 6. 

2.7 Ethical Consideration 

2.7.1 Benefits  
The benefit to the participants included free laboratory 

diagnosis of BV by Nugents criteria as per the 

guidelines by the Ministry of Health. 

2.7.2 Potential discomforts, inconveniences, 

injuries, harm, risks or stress. 
Potential risks to subjects included the discomfort from 

the pelvic examinations (insertion of the speculum) 

and/or discomfort during the interview due to the 

sensitive nature of the questions including loss of 

privacy, but safeguards was implemented to minimize 

this risk. Extreme care was taken to minimize patient 

discomfort during high vaginal swabs procedures which 

involves insertion of the speculum. Procedures for 

minimizing risk and discomfort from the interview 

included using well trained clinicians with a lot of 

experience in STI clinics to establish rapport with the 

subjects and to place them at ease during the interview. 

Well trained and experienced laboratory staff help in 

reducing the risk during pelvic procedures. The 

participants were told to skip any questions they did not 

want to answer and terminate the interview at any time 

without any consequence. 

2.7.3 Confidentiality 
All records were identified by codes only, to maintain 

participant confidentiality; participant’s names or other 

personal identifiers were not recorded. Completed study 

forms were kept in locked files, in an access-limited 

room at the study site. The participants were given 

opportunity to review the records and delete any portion 

they were not comfortable with. Only the investigator 

had access to personal identifiers and all questionnaires 

were stored in locked cabinets. Passwords and back-up 

ensured limited access to the computer containing data 

on participants.  

 2.7.4 Participation 
Participants who were willing to take part in the study signed 

informed consent forms. Participants were allowed to decline 

participation or withdraw from the study at any time without 

penalty or loss of benefits to which they were otherwise 

entitled to. Ethical clearance was obtained from Maseno 

University Ethics and Review Committee. 

2.8 Data Management 

2.8.1 Data entry 
Date entry was done by manual double entry in SPSS 

version 20 (SPSS inc., Chicago, IL) program for 

window. 

2.8.2 Data analysis. 

Data was analysed using SPSS version 20.0 (SPSS inc., 

Chicago, IL) program for windows. Demographic and 

behavioral data were compared between participants on 

efavirenz and non efavirenz based HAART among 

those having IVF by Fisher’s exact chi square test and 

Mann-Whitney U test, where appropriate. Mann-

Whitney U test was also used to compare IL 1β, IL 6 

and Th1/Th2 cytokine ratio between participants on 

efavirenz and non efavirenz based HAART. 

3.0 RESULTS 

Only 11 participants, out of 76, who were diagnosed 

with IVF were included in this analysis, four who 

showed positive independent association between non-

efavirenz based HAART and IVF were cases while the 

remaining seven were the control.   

3.1 Participant’s characteristics 
The demographic and behavioral characteristics of the 

two groups of women, as well as the relevant P values, 

are shown in table 3.1. There was no significant 

difference among the two groups with regard to any 

characteristics. Moreover all the 11 participants were 

Christians, non-smokers, not on antibiotic at the time of 

specimen collection, not taking alcohol and not using 

water to clean their anus after defecation.  

3.2 Cervicovaginal and serum IL 1β and IL 

6 in non efavirenz and efavirenz based 

HAART among pregnant women with IVF 

in Kisumu, Kenya 
Cervicovaginal and serum concentration of IL 1β and 

IL 6 was determined by ELISA. In cervico-vaginal fluid 

IL1β concentration was statistically significantly higher 

in pregnant women on non efavirenz than the pregnant 

women on efavirenz (U = 1.00, p = 0.012) while in 

serum IL1β concentration was higher in pregnant 

women on efavirenz than the pregnant women on non 

efavirenz although it was not statistically significant 

(U = 11.00, p = 0.648). In cervico-vaginal fluid IL6 

concentration was equally higher in those on non 

efavirenz than those on efavirenz however it did not 
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reach statistical significance (U = 11.00, p = 0.648) 

while in serum IL6 concentration was equally higher in 

those on non efavirenz than those on efavirenz however 

it did not reach statistical significance (U = 8.00, p = 

0.315) (Table 3.2). 

Table 3.1: Participant’s characteristics between Non efavirenz and Efavirenz HAART categories 
Variable Category HAART category 

Count (% within each row 

variable) 

P value 

(Fisher’s exact/ 

Mann Witney 

U test) 

Non efavirenz Efavirenz 

Demographic factors 

Age 7.38 5.21 0.339 

Age category Upto 24 0(0.0) 1(100.0) 1.000 

25 to 34 3(37.5) 5(62.5) 

35 and above 1(50.0) 1(50.0) 

Education Below secondary 3(37.5) 5(62.5) 1.000 

Upto secondary 1(33.3) 2(66.7) 

Occupation House wife 1(33.3) 2(66.7) 1.000 

Self employed 1(33.3) 2(66.7) 

Educators  1(50.0) 1(50.0) 

Unemployed  0(00.0) 1(100.0) 

Others  1(50.0) 1(50.0) 

Marital status Single  0(00.0) 1(100.0) 1.000 

Married  3(37.5) 5(62.5) 

Others  1(50.0) 1(50.0) 

Last birth Successful 2(25.0) 6(75.0) 0.491 

Not successful  2(66.7) 1(33.3) 

Medical history 

Start HAART Before conception 4(40.0) 6(60.0) 1.000 

After conception 0(0.0) 1(100.0) 

Life style behavior 

Sex partner in the last 

two months 

One  2(28.6) 5(71.4) 0.576 

None  2(50.0) 2(50.0) 

Vaginal douching Earlier than two weeks to 

specimen collection 

0(00.0) 1(100.0) 1.000 

This week 0(00.0) 1(100.0) 

Never  4(44.4) 5(55.6) 

Dry sex Yes  0(00.0) 1(100.0) 1.000 

No  4(40.0) 6(60.0) 

Clinical history 

Candiasis Positive 0(00.0) 1(100.0) 1.000 

Negative 4(40.0) 6(60.0) 

Table 3.2: Cervicovaginal and serum IL 1β and IL 6 in non efavirenz and efavirenz based HAART 

among pregnant women with IVF in Kisumu, Kenya 
Variables Category HAART category N Mean Rank  U P 

IL 1β 

concentration 

CVL Non efavirenz based HAART 4 9.25 1.00 0.012 

Efavirenz based HAART 7 4.14 

Serum Non efavirenz based HAART 4 5.25 11.00 0.648 

Efavirenz based HAART 7 6.43 

IL 6 

concentration 

CVL Non efavirenz based HAART 4 6.75 11.00 0.648 

Efavirenz based HAART 7 5.57 

Serum Non efavirenz based HAART 4 7.50 8.00 0.315 

Efavirenz based HAART 7 5.14 
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3.3 Cervicovaginal and serum IL 1β and IL 6 in PI and efavirenz based HAART among 

pregnant women with IVF in Kisumu, Kenya  

Table 3.3: Cervicovaginal and serum IL 1β and IL 6 in PI and efavirenz based HAART among 

pregnant women with IVF in Kisumu, Kenya 
Variables Category  HAART category N Mean Rank  U P 

IL 1β concentration CVL PI based HAART 3 9.00 0.00 0.017 

Efavirenz based HAART 7 4.00 

Serum PI based HAART 3 5.33 10.00 1.00 

Efavirenz based HAART 7 5.57 

IL 6 concentration CVL PI based HAART 3 6.00 9.00 0.833 

Efavirenz based HAART 7 5.29 

Serum PI based HAART 3 6.67 7.00 0.517 

Efavirenz based HAART 7 5.00 

In cervico-vaginal fluid IL1β concentration was 

statistically significantly higher in pregnant women on 

PI than the pregnant women on efavirenz (U = 0.00, p = 

0.017) while in serum IL1β concentration was higher in 

pregnant women on efavirenz than the pregnant women 

on PI although it was not statistically significant (U = 

10.00, p = 1.000) 

In cervico-vaginal fluid IL 6 concentration was equally 

higher in those PI than those on efavirenz however it 

did not reach statistical significance (U = 9.00, p = 

0.833) while in serum IL6 concentration was equally 

higher in those on PI than those on efavirenz however it 

did not reach statistical significance (U = 7.00, p = 

0.517). 

3.4 Cervicovaginal and serum Th1/Th2 cytokine ratio in non efavirenz and efavirenz based 

HAART among pregnant women with IVF in Kisumu, Kenya. 

Th1/Th2 cytokine ratio was determined as explained in Rhodus et al. 2007(46). Briefly, the average concentration of IL 

1β was divided by that of IL 6. 

Table 3.4: Cervicovaginal and serum Th1/Th2 cytokine ratio in non efavirenz and efavirenz based 

HAART among pregnant women with IVF in Kisumu, Kenya 
Variables Categories  HAART category N Mean Rank U P 

Th1/Th2 cytokine 

ratio  

CVL Non efavirenz based HAART 4 8.75 3.00 0.042 

Efavirenz based HAART 7 4.43 

Serum Non efavirenz based HAART 4 4.75 9.00 0.412 

Efavirenz based HAART 7 6.71 

In CVL Th1/Th2 cytokine ratio was significantly 

statistically higher in pregnant women on non efavirenz 

based HAART than the pregnant women on efavirenz 

based HAART (U = 3.00, p = 0.042). In serum Th1/Th2 

cytokine ratio was higher in pregnant women on 

efavirenz based HAART than the pregnant women on 

non efavirenz based HAART however it did not reach 

statistical significance (U = 9.00, p = 0.412). 



International Journal of Multidisciplinary Research & Innovation 
Volume 2. Issue 1, 2024. University of Kabianga, Kenya. ijmri@kabianga.ac.ke

© 2024 | International Journal of Multidisciplinary Research and Innovation, IJMRI 7 

3.5 Cervicovaginal and serum Th1/Th2 cytokine ratio in PI and efavirenz based HAART 

among pregnant women with IVF in Kisumu, Kenya. 

Table 3.5: Cervicovaginal and serum Th1/Th2 cytokine ratio in PI and efavirenz based HAART 

among pregnant women with IVF in Kisumu, Kenya 
Variables Category  HAART category N Mean Rank  U P 

Th1/Th2 cytokine 

ratio  

CVL PI based HAART 3 9.00 0.00 0.017 

Efavirenz based HAART 7 4.00 

Serum PI based HAART 3 4.67 8.00 0.667 

Efavirenz based HAART 7 5.86 

In CVL Th1/Th2 cytokine ratio was significantly 

statistically higher in pregnant women on PI based 

HAART than the pregnant women on efavirenz based 

HAART (U = 0.00, p = 0.017). In serum Th1/Th2 

cytokine ratio was higher in pregnant women on 

efavirenz based HAART than the pregnant women on 

PI based HAART however it did not reach statistical 

significance (U = 8.00, p = 0.667). 

4.0 DISCUSSION 
HIV infection impairs body’s immune functions by 

lowering systemic Th-1 and raising systemic Th-2 

cytokine (42, and 43) . HAART restores this balance 

thereby modulating systemic cytokines. (44, and 45). 

However HAART has no effect on genital levels of 

inflammatory markers (31) and usually fails at 

completely normalizing systemic immune activation 

(46, and 47). Studies have shown that systemic 

proinflammatory cytokine have short half-life (32) and 

therefore may not reach the uterus leave alone the lower 

genital tract. Other studies have also shown that the 

systemic proinflammatory cytokines do not cross the 

placenta (31, and 32). 

The source of local female genital inflammation must 

therefore be the genital tract itself. Studies have shown 

that foetus or infants may be the source of these 

cytokines (56) as a response to hostile intrauterine 

environment like inflammation in chorioamniotic 

membranes and decidua (49, 50, and 51). It has been 

shown that even the very preterm infants are capable of 

developing Th1 and Th2 response (60). But these are 

possible cases in the absence of HAART therapy. 

HAART is supposed to normalize inflammatory 

response (44, and 45) after imbalance caused by HIV 

(42, and 43), however there are several studies showing 

persistent local genital inflammation even when 

participants are on HAART. Mirmonsef et al linked 

such persistent genital inflammation despite HAART 

therapy to chronic bacterial vaginosis (61) likely to be 

left untreated because most women usually remain 

asymptomatic or due to inappropriate practices 

promoting local irritation, inflammation and loss of 

balance of the vaginal microbiota (62), such as vaginal 

cleansing (63). 

However there are instances where inflammation in 

genital tract during HAART therapy has been 

associated with some HAART categories and not 

others. For example PI based HAART has been 

associated with local female genital inflammation 

during HAART therapy as opposed to others like 

nucleoside reverse transcriptase inhibitors (64). Highly 

active antiretroviral therapy enters the extravascular 

compartment by facilitated diffusion, active transport 

and passive diffusion. Passive diffusion is less efficient 

than active transport or facilitated diffusion. Since 

protease inhibitor’s high protein affinity does not allow 

it to pass through biological membranes it uses passive 

diffusion. Protease inhibitor is therefore likely to 

achieve low concentrations in biological fluids, 

compared to others like nucleoside reverse transcriptase 

inhibitors which uses facilitated diffusion or active 

transport (65). 

Low concentration of PI in vaginal fluid may make it 

less effective in having impact in the vaginal 

microbiome (64). Specific combinations of HAART 

have been shown to have antimicrobial properties 

which may result to dramatic effects on microbiome 

while others are catabolized by microbes mainly 

bacteria (66). The possible explanation therefore is: PI 

based HAART is not metabolized by bacteria but has 

antimicrobial effects since its concentration in genital 

tract is negatively associated with BV. Some female 

genital tract microbiomes have also been found to be 

associated with low concentration of vaginal 

antiretroviral concentrations (67). From this we can 

concur with Ondoa et al that most inflammations in 

female genital tract may not primarily be related to 

genital tract viral load (31). Marques et al actually 

observed an increased frequency of BV in women on PI 

based HAART with undetectable viral load (64).  

Bacterial vaginosis has been found to alter local 

cervico-vaginal cytokine rather than systemic cytokine. 

Studies have shown increased concentrations of IL-lβ 

and IL-8 in vaginal fluid of women with BV (26) 

including pregnant ones (27) but only partial activation 

of systemic cytokine network (29).  Recently a study 

suggested that HIV does not actually have a major 

impact on vaginal concentrations of proinflammatory 
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cytokines if the presence of bacterial vaginosis is 

controlled for (30).  

In the current study we found statistically significant 

elevated level of IL1β in cervico-vaginal fluid and not 

serum in pregnant women on non efavirenz compared 

to those on efavirenz. This was replicated in pregnant 

women on PI compared to those on efavirenz. IL1β 

concentration was statistically elevated in cervico-

vaginal fluid and not serum in pregnant women on PI 

compared to those on efavirenz. The difference in the 

level of IL1β in serum and IL 6 in both serum and CVL 

remained statistically non-significant in all the groups. 

Our finding is not unique since studies have shown that 

correlates of BV and intermediate vaginal flora may be 

the same (68) .The elevated IL1β level in CVL could 

then be due to intermediate vaginal flora arising from 

use of non efavirenz based HAART manly PI based 

HAART. In this group of participants intermediate 

vaginal flora was positively statistically significantly 

associated with non efavirenz based HAART mainly PI 

(45).  

IL‒1beta is a member of the IL‒1 family, which 

includes the classical IL‒1alpha (IL‒1F1) and IL‒1beta 

(IL‒1F2) cytokines. IL‒1alpha is mainly intracellular, 

whereas IL‒1beta can be secreted outside cells in the 

extracellular fluids, thus it is commonly found in serum 

and secretions. IL‒1β plays a prominent role in the 

regulation of the inflammatory response (69). 

Both IL-1 cytokines activate T-helper cells to produce 

and liberate IL-2 which is a cytokines of the Th1-type 

which enhance cell mediated immune responses (28). 

Various reports have also demonstrated elevated levels 

of local IL1β in women with BV or abnormal vaginal 

microflora in pregnancy (64,66,67 and 68). However 

Wasiela et al (72)found out that IL 6 concentration was 

high in women with BV than those with normal vaginal 

flora although it did not reach statistical significant. 

Hedges et al found significantly higher concentration of 

IL1β in vaginal wash of women with either intermediate 

vaginal flora or BV than did women with normal flora 

(68). 

Several studies have actually associated IL-1β with 

bacterial vaginosis (26). A study showed that levels of 

IL-4, IL-6, and IL-10 showed no significant difference 

compared to control participants after 12 months of 

therapy (P > 0.05) (52). Our study equally found out 

non significant difference in IL 6 concentration between 

those on efavirenz and those on non efavirenz. Some 

observations have indicated that addressing the role of 

individual cytokines during immune response may be 

far more informative than using the blanket Th1/Th2 

descriptors (74). Yet some observations have shown the 

importance determining Th1/th2 cytokine ratio shifts 

instead of the traditional Th1/Th2 ratio by flow 

cytometry (26, and 41). Since we collected lavage 

instead of cells using cytobrush it would be easy to 

determine Th1/th2 cytokine ratio using ELISA instead 

of the traditional Th1/Th2 ratio by flow cytometry. 

Studying Th1/Th2 cytokine ratio has also become 

relevant because of the discovery of some cytokines 

which are not secreted by CD4+ T cells but promoted 

the development of either Th1 or Th2 cells (74). For 

example, TNF-alpha, IL-1, and IL-8 as Th1- associated 

cytokines and IL-6 as Th2-associated cytokines have 

been assigned in some investigations (67 , and 68). 

Studying role of individual cytokines and Th1/Th2 

cytokine ratio rather the traditional Th1/Th2 ratio may 

provide accurate information on pathway that trigger 

preterm birth since local vaginal environment may be 

more linked to uterine environment than systemic 

environment which has a control at the blood vascular 

barrier. 

After determining the level of IL-lβ and IL 6 by ELISA, 

we proceeded to determine Th1/Th2 cytokine ratio as 

explained in Rhodus et al. 2007(46).   

We found statistically significantly higher Th1/Th2 

cytokine ratio in cervico-vaginal fluid and not serum in 

pregnant women on non efavirenz compared to those on 

efavirenz. This was replicated in pregnant women on PI 

compared to those on efavirenz. Th1/Th2 cytokine ratio 

was statistically significantly higher in cervico-vaginal 

fluid and not serum in pregnant women on PI compared 

to those on efavirenz. The difference in magnitude of 

Th1/Th2 cytokine ratio remained statistically non-

significant in serum.  

Fiore et al. (23) had shown that HAART increases the 

level of IL-2 (Th1) and decreases the level of IL-10 

(Th2) in PBMCs although this shift was not linked to 

preterm birth (23). This could have been due to the fact 

that systemic cytokines do not cross the placenta(31, 

32) or have short half life and therefore cannot reach the

uterus (32). This study did not even show the influence 

of HAART on genital microbiota.  

We have shown that determining Th1/Th2 ratio in 

genital tract is not easy because of the type of sample 

easily collected in the lower genital tract. Lavage may 

contain very few immune cells for flow cytometry.  

Although there are few studies so far on cervico-vaginal 

Th1/Th2 cytokine ratio Anton et al showed a Th1 shift 

of local vaginal inflammatory response during BV 

infection in participants who were not on HAART 

therapy (28). Since sPB is mostly correlated to local 

genital biomarkers compared to systemic biomarkers 

studying Th1/Th2 cytokine ratio in genital tract may 

better explain what triggers sPB than studying systemic 

cytokine profiles. Local cytokine profile is associated 

with abnormal vaginal flora (AVF) (45). So by treating 

AVF we will reduce local cytokine profile thus 

reducing sPB. 
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Limitations: 
The limitations of this study included the small sample 

size which was attributable to our reliance on 

convenience sampling, little finance and the fact that 

non efavirenz HAART is not preferred in developing 

nations. Long storage may have also affected the 

outcome. Long storage was occasioned by COVID 19 

outbreak which raised the cost of kits because of 

shipping restriction during COVID 19. COVID 19 

emerged just immediately after my data collection and 

this forced me to store samples for long to wait for 

shipping to normalize and cost of reagents and kits to 

come down.  
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