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Abstract

Background—Although children <5 years old in sub-Saharan Africa are vulnerable to both 

malaria and influenza, little is known about coinfection.

Methods—This retrospective, cross-sectional study in rural western Kenya examined outpatient 

visits and hospitalizations associated with febrile acute respiratory illness (ARI) during a 2-year 

period (July 2009–June 2011) in children <5 years old.

Results—Across sites, 45% (149/331) of influenza-positive patients were coinfected with 

malaria, whereas only 6% (149/2408) of malaria-positive patients were coinfected with influenza. 

Depending on age, coinfection was present in 4%–8% of outpatient visits and 1%–3% of inpatient 

admissions for febrile ARI. Children with influenza were less likely than those without to have 

malaria (risk ratio [RR], 0.57–0.76 across sites and ages), and children with malaria were less 

likely than those without to have influenza (RR, 0.36–0.63). Among coinfected children aged 24–
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59 months, hospital length of stay was 2.7 and 2.8 days longer than influenza-only-infected 

children at the 2 sites, and 1.3 and 3.1 days longer than those with malaria only (all P < .01).

Conclusions—Coinfection with malaria and influenza was uncommon but associated with 

longer hospitalization than single infections among children 24–59 months of age.

Children aged <5 years in sub-Saharan Africa are among the most vulnerable to morbidity 

and mortality due to malaria [1–3] and influenza [4]. The 2 diseases share many clinical 

features [5], can be difficult to differentiate on clinical grounds [6], and are in circulation 

year-round in many tropical areas [3, 7]. Yet, little is known about the prevalence, clinical 

presentation, or public health relevance of influenza and malaria coinfection [6, 7].

As part of ongoing health facility–based surveillance for febrile and respiratory illnesses in 

rural western Kenya, 2009–2011, children aged <5 years who presented to 2 hospitals were 

tested for both influenza and malaria. This gave us the opportunity to examine 3 questions: 

(1) How common is coinfection in this population? (2) How does the clinical presentation of 

coinfection differ from either infection alone? and (3) Does coinfection result in worse 

clinical outcomes? To examine the latter 2 questions, we distinguished between 

manifestations of respiratory disease (expected to be more common in children with 

influenza) and hematologic disease (expected to be more common in children with malaria). 

Because the risk of these factors varies by age [2, 4, 8], we stratified analyses into 4 

subcategories defined by age group (0–24 vs 24–59 months) and health facility.

METHODS

Study Design and Population

The study was conducted at 2 hospitals, Lwak Mission Hospital (LMH) and Siaya District 

Hospital (SDH), in rural western Kenya (Nyanza Province), bordering Lake Victoria, where 

surveillance for acute respiratory illness (ARI) is conducted through a collaboration between 

the Kenya Medical Research Institute (KEMRI) and the Centers for Disease Control and 

Prevention–Kenya (CDC-Kenya). The area is one of the poorest in Kenya, has a high child 

mortality rate, and is malaria endemic, with a community-based parasite prevalence of 

approximately 40% among children aged <5 years [8–11]. This retrospective, cross-sectional 

study examined inpatient and outpatients who had febrile ARI and were dual tested for 

influenza and malaria during a 2-year period (1 July 2009–31 June 2011). At both hospitals, 

surveillance was conducted for severe ARI (SARI) (cough or difficulty breathing with an 

elevated respiratory rate or a respiratory danger sign) in hospitalized patients. At LMH only, 

surveillance was also conducted for influenza-like illness (ILI) (temperature ≥ 38.0°C and 

cough or sore throat) in outpatients. For the purposes of this analysis, we defined ARI as any 

patient with SARI or ILI.

Trained surveillance officers, primarily nurses, collected nasopharyngeal (NP) and 

oropharyngeal (OP) specimens from SARI and ILI patients and blood for malaria testing 

from patients with a history of fever with the illness. In addition, they collected demographic 

and clinical information from patients using structured questionnaires. Vital signs, including 

axillary temperature, were recorded upon enrollment. Oxygen saturation levels were 

measured using fingertip pulse oximetry. Parental reports of cough, convulsion, diarrhea, or 
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vomiting were recorded. The admitting clinician indicated whether respiratory distress 

(difficulty breathing, wheezing, chest indrawing, stridor, or crackles) was present, and 

clinical diagnoses (anemia, pneumonia) were recorded from the physical exam. Clinicians 

had access to malaria test results, but not influenza test results. Duration of hospitalization 

(in days) and ordering of chest radiographs were recorded. Blood transfusions, hemoglobin 

concentration, and human immunodeficiency virus (HIV) test results were recorded at SDH 

only.

Laboratory Methods

NP and OP swabs were collected from SARI and ILI patients at enrollment and combined in 

the same cryovial with viral transport medium and transported to the KEMRI/CDC 

laboratory in Nairobi, where they were tested for influenza A and B using real-time reverse-

transcription polymerase chain reaction (RTPCR) assay. The specimen management and 

testing protocol, which used primers, probes, and reagents from the CDC, has been 

described in detail elsewhere [12]. Malaria testing included thick and thin blood smears 

stained with 10% Giemsa read independently by 2 microscopists trained at a regional center 

of excellence. Asexual parasites ≥ 1 on examination of 100 high-power oil immersion fields 

indicated a positive result.

Statistical Analysis

Only patients who had a history of fever within 7 days of enrollment were included in the 

analysis. The unit of observation was a medical visit or admission, and >1 illness per child 

could contribute to the data set.

To test the null hypothesis of no differences between children with malaria and influenza 

coinfection, either infection alone, or neither infection, proportions were compared by χ2 or 

Fisher exact test, and differences between group means were analyzed using 1-way analysis 

of variance. Risk ratios (RRs) were calculated to compare the presence of respiratory or 

hematologic indicators in the infection groups; consistent findings across sites and age 

groups are highlighted. Logistic and linear regression was applied in univariate and 

multivariate analyses of dichotomous and continuous outcomes, respectively. Final 

multivariate models predicting hospital admission or duration of hospitalization were 

estimated including 3 dichotomous variables to represent infection categories (coinfection, 

influenza-only, and malaria-only) and included covariates starting with significant (P < .05) 

univariate associations and then removed nonsignificant factors (P > .05) in a stepwise 

backward fashion [13, 14]. To aid in interpretation, the difference in the adjusted mean 

duration of hospitalization for the coinfected children compared with those with a single 

infection was calculated by subtracting the unstandardized β value associated with the single 

infection from the β value associated with coinfection. All analyses were conducted using 

PASW Statistics version 18.0.

Human Subjects Review

This study was approved by the institutional review board of the US CDC and the ethical 

review committee of KEMRI. Written informed consent was obtained from all participants/ 

parents.
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Role of Funding Sources

The CDC funded this study. In collaboration with KEMRI, CDC participated in the design 

and conduct of the study and the collection, management, and analysis of the data. The 

corresponding author had full access to all the data in the study and had final responsibility 

for the decision to submit for publication.

RESULTS

Prevalence of Influenza and Malaria Coinfection

From 1 July 2009 through 31 June 2011 at LMH, 1992 outpatients were enrolled, and 76 

(3.8%) who did not have a history of fever within 7 days were excluded; of the remaining 

1917 subjects, 891(46.5%) were children aged 0–23 months and 1026 (53.5%) were aged 

24–59 months. At SDH, during the same period, 2266 children were enrolled at hospital 

admission, and 130 (5.7%) without fever within 7 days were excluded; of the remaining 

2133 subjects, 1630 (76.4%) were aged 0–23 months and 503 (23.6%) were aged 25–59 

months.

Across sites and age groups, 331 of 4052 (8.2%) children had influenza, including 253 

(76.4%) with influenza A and 78 (23.6%) with influenza B; 2408 of 4052 (59.4%) had 

malaria, including 2303 (95.6%) with Plasmodium falciparum and 105 (4.4%) with other 

species. Forty-five percent (149/331) of influenza-positive patients were coinfected with 

malaria, whereas only 6% (149/2408) of malaria-positive patients were coinfected with 

influenza. Coinfection was noted in 96 of 1917 (5%) of outpatient visits to LMH (range, 

4%–8% depending on age) and 53 of 2133 (2.5%) of admissions to SDH (range, 1%–3%) 

(Figures 1 and 2). Coinfections did not differ significantly from single infections in 

influenza type or malaria species (data not shown). Positive influenza and malaria cases 

were identified during every month of the study period.

At both sites and for both age groups, being positive for one infection was associated with a 

reduced likelihood of being positive for the other. Children with influenza were less likely 

than those without influenza to have malaria (aged 0– 23 months at LMH [RR, 0.74; 95% 

confidence interval {CI}, .57–.96] and SDH [RR, 0.76; 95% CI, .59–.97]; aged 24–59 

months at LMH [RR, 0.68; 95% CI, .58–.81] and SDH [RR, 0.57; 95% CI, .46–.91]). 

Similarly, children with malaria were less likely than those without malaria to have influenza 

(aged 0–23 months at LMH [RR, 0.56; 95% CI, .36–.87] and SDH [RR, 0.63; 95% CI, .44–.

92]; aged 24–59 months at LMH [RR, 0.36; 95% CI, .26–.50] and SDH [RR, 0.38; 95% 

CI, .19–.74]).

Clinical Presentation by Infection Category, Age, and Site

Patient visit characteristics by 4 infection groups and 2 age groups are presented for 

outpatient visits to LMH in Table 1 and inpatient admissions to SDH in Table 2. 

Comparisons of influenza only, malaria only, and coinfection are presented in Table 3, 

highlighting significant risk ratios by 4 subgroups stratified by age and study site. 

Respiratory indicators were more common among children with influenza only than in 

children with malaria only across most subgroups (Table 3), but there was no consistent 
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indication that respiratory disease was worse with coinfection vs influenza only. Similarly, 

hematologic disease was less common for children with influenza only vs malaria only for 

some subgroups, but no consistent differences between coinfection and malaria only on 

hematologic indicators were noted. Finally, no consistent differences in nonspecific 

indicators were noted.

Predictors of Admission to LMH

Seventeen percent (155/889) of children aged <24 months and 11% (111/1026) of children 

aged 24–59 months with febrile ARI were admitted to LMH from the outpatient clinic 

(Table 1). The likelihood of hospital admission was not higher for coinfected children in 

either age category. For both age groups, convulsions and clinical diagnoses of anemia or 

pneumonia increased the likelihood of admission (Supplementary Table A). After adjusting 

for these factors, the likelihood of hospitalization among children aged <24 months with 

malaria only was 38% lower than children with neither infection (adjusted odds ratio, 0.62; 

95% CI, .42–.99).

Predictors of Duration of Hospitalization Among Children Aged 0–23 Months

Among children aged <24 months, the average duration of hospitalization was 2.7 days (SD, 

1.5) among 155 patients at LWH and 5.0 days (SD, 3.1) among 1633 patients at SDH. In 

univariate analyses, 3 factors were associated with longer stays at both hospitals: younger 

age, signs of respiratory distress, and a clinical diagnosis of pneumonia (Table 4). 

Coinfection was not associated with duration of hospitalization in this age group. In 

multivariate models, compared to children with neither infection, influenza-only infection 

was associated with approximately 1 additional day in hospital (β = .90; 95% CI, .01–1.72) 

at LMH (Table 4) and malaria only was associated with a half-day shorter stay (β = −.50; 

95% CI, −.81 to −.18) at SDH (Table 4).

Predictors of Duration of Hospitalization Among Children Aged 24–59 Months

The duration of hospitalization among children aged 24–59 months was shorter among 111 

patients at LMH (mean, 2.5 [SD, 1.2]) than among 503 patients at SDH (mean, 3.6 days 

[SD, 2.3]). For this age group, similar predictors of duration of hospitalization were 

observed at both hospitals (Table 4). In the multivariate models, compared to children with 

neither infection, coinfection was associated with approximately 1 additional hospitalization 

day (β = 1.15; 95% CI, .34–1.96) at LMH and 3 days (β = 2.98; 95% CI, 1.51–4.45) at SDH. 

At LDH, influenza only was associated with shorter stays for this age group. Using these 

estimates, the adjusted mean duration of hospitalization for coinfected children aged 24–59 

months was significantly longer than children with single infections at both sites. At LDH, 

coinfected children spent 2.73 days (95% CI, 1.33–3.98) longer in hospital than children 

with influenza only (β 1.15 minus −1.58) and 1.26 days (95% CI, .35–2.0) longer than 

children with malaria only (β 1.15 minus −0.11). At SDH, coinfected children spent 2.78 

days (95% CI, .83– 4.74 days) (β 2.98 minus 0.20) and 3.07 (95% CI, 1.61–4.53) (β 2.98 

minus −0.09) days longer in hospital than children with influenza only or malaria only, 

respectively.
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Chest Radiographs and Blood Transfusions During Hospitalization

Clinicians were no more likely to order chest radiographs for coinfected children than 

children with influenza only in any of the 4 age by site subgroups (Table 3). Instead, chest 

radiographs were ordered more often for children with coinfection and influenza only than 

those with malaria only in 3 of 4 subgroups. At SDH where records on blood transfusions 

were available (Table 2), coinfected children were more likely to receive blood transfusions 

than children with malaria only in the 24- to 59-month-old subgroup. In a multivariate 

model, adjusting for clinical features associated with transfusions (critical anemia, oxygen 

saturation, tachypnea, and signs of respiratory distress), coinfected children aged 24–59 

months were 6.3-fold (95% CI, 1.7–24.1) more likely to receive transfusions than those with 

malaria only.

DISCUSSION

During 2009–2011, a period when malaria and influenza were co-circulating in rural western 

Kenya, among children <5 years of age who were tested for both infections, coinfection 

accounted for about 5% of outpatient visits and 3% of hospital admissions for febrile ARI. 

In contrast to studies showing that HIV infection increases risk for malaria infection [15], as 

well as other studies showing syndemic or synergetic associations between diseases [16–18], 

we did not find that testing positive for influenza increased the likelihood of testing positive 

for malaria. These findings are not unexpected; although HIV infection impairs T-cell 

immunity, making it more difficult for the body to protect against malaria infection [19], 

influenza infection has no such effect. In fact, we found that having one infection was 

associated with a reduced likelihood of detecting the other. This finding is consistent with a 

prior study that found lower rates of malaria among older children with RTPCR–confirmed 

influenza [6]. Although mechanisms whereby infection with 1 pathogen may suppress 

expression of another have been proposed [20], our findings may simply reflect the fact that 

either infection alone can cause illness and be sufficient to prompt a medical visit.

Although we found significant differences in clinical presentation between influenza-only vs 

malaria-only, we observed no consistent differences in clinical presentation between 

coinfected children and those with single infections with regards to respiratory, hematologic, 

and other nonspecific clinical indicators. Therefore, in addition to being uncommon, 

coinfection is difficult to distinguish clinically from either infection alone using the variables 

that we evaluated.

Nonetheless, several of our findings suggest that coinfection can be associated with more 

severe illness than single infections. At both hospitals, coinfected children aged 24–59 

months had longer hospitalizations than children with either infection alone or neither 

infection. Having a coinfection increased hospital stays by about 1–3 days in settings where 

the typical stay was 3–5 days. Among patients aged 24–59 months, coinfected children were 

also more likely to receive blood transfusions than children with malaria only. Chest 

radiographs were also ordered more often for coinfected vs malaria-only-infected children. 

Clinicians had malaria microscopy and hemoglobin results to guide care, but did not have 

influenza test results, and thus were not aware that the children were coinfected. It may be 

that coinfected children presented with a more ill appearance, with signs that we did not 

Thompson et al. Page 6

J Infect Dis. Author manuscript; available in PMC 2018 April 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



capture in our study but that clinicians recognized, prompting more aggressive and 

prolonged care.

However, there were also indications that malaria and influenza coinfection is not 

consistently more severe than single infection in patients with febrile ARI. Coinfection did 

not increase the likelihood of admission to LMH, and, among children under age 24 months, 

was not associated with longer hospital stays.

Our study included 2 full years of data and utilized highly sensitive and specific testing for 

influenza. We were also able to compare trends among outpatients and inpatients in 2 

hospitals with differing clinical practices. These study attributes increase our confidence in 

trends we noted across sites and age groups.

The study also had several limitations. First, given that the risks and severity of malaria vary 

considerably by age and community [2, 8, 21, 22] and that influenza strains can change each 

year and circulate in unique ways in Africa [4], the extent to which our findings regarding 

coinfection generalize beyond this setting, age group, and time period are unknown. Second, 

since the unit of observation was medical encounters rather than specific children, we do not 

know the extent to which chronically ill children may have contributed more than once to 

the study denominator, though repeat visits or admissions within a year represent a small 

proportion of total encounters in this region [8, 23]. Third, our participants were enrolled as 

part of ILI and SARI surveillance, and therefore, children with malaria only may not be 

representative of those with malaria but not respiratory illness [24]. Fourth, the low number 

of coinfections we observed limited our statistical power to detect differences in clinical 

presentation. Fifth, our study examined only 2 pathogens in a population that is exposed to 

many others [6, 18, 25, 26]. Although our multivariate models adjusted for clinical 

pneumonia and HIV test results when available, we do not know the extent to which clinical 

presentation and outcome may have been influenced by unmeasured factors such as 

coinfections with bacteria and other viruses [26].

Sixth, our study did not examine the role care seeking prior to the facility visit may have 

played in shaping clinical presentation and outcomes. Since informal care-seeking is 

common in this region [27], especially for antimalarials [28], the clinical presentation of 

malaria may have been altered or attenuated by earlier treatment. This may have led us to 

underestimate the prevalence of coinfection, since some children originally coinfected may 

have taken antimalarials and then been misclassified as having influenza only when assessed 

at the health facility. This is a limitation of any facility-based surveillance program [29] and 

highlights the need to conduct community-based cohort surveillance to gain a complete 

picture of disease burden, including coinfection.

Seventh, the potential role of asymptomatic infection for either of our pathogens in the 

results is unclear. Both malaria parasitemia [5, 30] and influenza virus infection [4] can be 

asymptomatic or incidental to the presenting illness. The lack of malaria parasite counts 

prevented us from considering alternative classifications by parasite density. Nonetheless, 

our focus on infants and young children with limited opportunity to develop malaria 

immunity [5, 22], and the fact that we tested for both infections during acute illness (≤7 days 
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of onset) increases our confidence that most infections were clinically relevant to coinfected 

children.

Further research is needed to understand the relevance and implications of malaria-influenza 

coinfection to the epidemiology and clinical course of both diseases. The potential relevance 

of these coinfections to influenza prevention and control efforts in malaria-endemic parts of 

Africa [4, 7] is especially clear, given that half of all influenza patients in this study were 

coinfected with malaria. Fewer malaria patients were coinfected with influenza (about 1 in 

20 in our study), but the impact of influenza coinfection should also be considered by 

malaria researchers, clinicians, and policy makers. Influenza is only one of many viruses that 

may complicate malaria infection [7, 18, 25, 26], but it is unique in being a vaccine-

preventable disease with an effective antiviral treatment. Although our data are specific to 

western Kenya, if further research confirms that influenza and malaria coinfection indeed 

results in longer hospital stays and more blood transfusions in some age groups, it would 

bolster arguments for the value of influenza vaccination and antiviral treatment for young 

children in tropical regions where malaria is endemic.

Finally, the similar clinical presentation of malaria and influenza coinfections and the 

heightened or additive severity of coinfection that we observed are consistent with 

arguments that both influenza and malaria are fundamentally systemic inflammatory 

diseases [31, 32] and can produce clinical syndromes similar to a variety of infectious agents 

[16, 33]. Further research on malaria and influenza coinfection may help advance both fields 

by clarifying how these 2 pathogens interact and potentially share pathological 

consequences.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Percentage of outpatient visits or admissions for acute febrile respiratory illness among 

children aged <5 years by influenza and malaria test results and by years of age at Lwak 

Mission Hospital, 1 July 2009–31 June 2011.
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Figure 2. 
Percentage of inpatient admissions for acute febrile respiratory illness among children aged 

<5 years by influenza and malaria test results and years of age at Siaya District Hospital, 1 

July 2009–31 June 2011.
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Table 4

Days in Lwak Mission Hospital and Siaya District Hospital Predicted by Infection Type and Covariates in 

Univariate and Multivariate Linear Regression Models for Children Aged 0–23 Months and Aged 24–59 

Months, Rural Western Kenya, 2009–2011

Days in Lwak Mission Hospital Days in Siaya District Hospital

Univariatea
β (95% CI)

Multivariateb
β (95% CI)

Univariatea
β (95% CI)

Multivariateb
β (95% CI)

Aged 0–23 mo

  Infection

    Influenza and malaria −0.76 (−1.74, .23) −0.59 (−1.59, .43) 0.04 (−.93, .99) 0.13 (−1.05, .88)

    Influenza only 1.09* (.20, 1.98) 0.90* (.01, 1.72) 0.18 (−.57, .93) −0.12 (−.88, .64)

    Malaria only −0.40 (−.86, .06) −0.10 (−.50, −.06) −0.60*** (−.90, −.30) −0.50*** (−.81, −.18)

    Neither infection (referent) 0.28 (−.18, .74) 0.56*** (.26, .87)

  Covariates

    Age in mo −0.04* (−.08, −.00) −0.03* (−.06, −.01)

    Days since illness onset 0.09 (−.06, .25) 0.15*** (.08, .21) 0.13*** (.07, .20)

  Other clinical predictors

    Temperature (°C) −0.33*** (−.52, −.13) −0.30** (−.05, −.07) 0.10 (−.04, .23)

    Respiration (per min) 0.02 (−.01, .04) 0.01 (−.00, .02)

    Oxygen saturation −0.01 (−.05, .02) −0.05** (−.04, −.00)

    Cough −0.74* (−1.49, .17) 0.36 (−.17, .89)

    Respiratory distress 0.59* (.10, 1.02) 0.32* (−.01, .62)

    Convulsion −0.29 (−.81, .23) −1.18** (−1.92, −.43) −0.93** (−1.67, −.19)

    Anemia clinical diagnosis −0.12 (−.74, .50) −0.11 (−.45, .23)

    Pneumonia clinical diagnosis 0.58** (.14, 1.05) 0.48*** (.18, .78) 0.38** (.08, .68)

HIVc

    Tested and positive … 0.99* (.03, 1.94)

    Not tested … −0.19 (−.49, .11)

Aged 24–59 mo

  Infection

    Influenza and malaria 1.09** (.23, 1.85) 1.15** (.34, 1.96) 2.76*** (1.45, 4.07) 2.98*** (1.51, 4.45)

    Influenza only −0.99* (−2.02, −.16) −1.58** (−2.62, −.43) 0.24 (−.73, 1.22) 0.20 (−1.24, 1.63)

    Malaria only −0.32 (−.81, .16) −0.11 (−.66, .43) −0.45* (−.86, −.04) −0.09 (−.65, .46)

    Neither infection (referent) 0.23 (−.33, .79) 0.15 (−.27, .57)

  Covariates

    Age in mo −0.00 (−.02. .02) −0.01 (−.03, .02)

    Days since illness onset 0.07 (−.09, .23) 0.05 (−.03, .13)
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Days in Lwak Mission Hospital Days in Siaya District Hospital

Univariatea
β (95% CI)

Multivariateb
β (95% CI)

Univariatea
β (95% CI)

Multivariateb
β (95% CI)

  Other clinical predictors

    Temperature 0.04 (−.16, .25) 0.05 (−.12, .23)

    Respiration 0.00 (−.013, .03) 0.00 (−.01, .02)

    Oxygen saturation −0.07** (−.13, −.02) −0.08 (−.13, −.02) −0.07*** (−.10, −.03) −0.07*** (−.12, −.02)

    Cough −0.15 (−1.04, −.74) −0.40 (−1.09, .30)

    Respiratory distress 0.69* (.98, 1.10) 0.30 (−.11, .70)

    Convulsion 0.02 (−.46, .50) −0.17 (−.93, .58)

    Anemia clinical diagnosis 0.02 (−.58, .61) 0.19 (−.25, .64)

    Pneumonia clinical diagnosis 0.52* (−.01, 1.05) 0.63* (.09, 1.18) 0.27 (−.19, .73)

  HIVc

    Tested and positive … 1.28** (.43, 2.14) 1.26** (.43, 2.09)

    Not tested … −0.11 (−.52, .30)

Abbreviations: CI, confidence interval; HIV, human immunodeficiency virus.

a
Days in hospital (unstandardized) regressed on each infection category (rows) as dummy variables and covariates separately with linear 

regression.

b
Days in hospital (unstandardized) regressed on infection category dummy variables and covariates, simultaneously, with stepwise backward 

elimination of nonsignificant covariate effects.

c
HIV test results were available for a subset of Siaya inpatients only; the 2 dichotomous variables represent 3 potential categories: (1) tested and 

positive, (2) tested and negative, and (3) not tested.

*
P < .05.

**
P < .01.

***
P < .001.
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