

[image: image1]
Case Report and Literature Review: Bacterial Meningoencephalitis or Not? Naegleria fowleri Related Primary Amoebic Meningoencephalitis in China
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In China, a 9-year-old boy was transferred to the hospital with fever, vomiting, and headache. The disease rapidly deteriorated into vague consciousness. Applying conventional clinical examinations such as blood and cerebrospinal fluid (CSF) tests, the diagnosis of bacterial meningoencephalitis was first drawn, and expectant treatments were adopted immediately. However, the symptoms did not alleviate, adversely, this boy died 3 days after admission. Considering the skeptical points of the duration, such as the unknown infectious bacteria and the pathogen invasion path, blood and CSF samples were then sent for metagenomic next-generation sequencing (mNGS) to ascertain the cause of death. The 42,899 and 1,337 specific sequences of N. fowleri were detected by mNGS in the CSF sample and the blood sample, respectively. PCR results and pathological smear subsequently confirmed the mNGS detection. The patient was finally diagnosed as primary amoebic meningoencephalitis. Besides, in this article, 15 similar child infection cases in the past 10 years are summarized and analyzed to promote the early diagnosis of this rare disease.
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INTRODUCTION

Free-living amoebae have more than 40 genera, but only four were found related to human diseases, including Acanthamoeba spp., Balamuthia mandrillaris, Naegleria fowleri (N. fowleri), and Sappinia dialoidea (1). Thereinto, the infection of N. fowleri is known to cause an acute and deadly central nervous system disease-primary amoebic meningoencephalitis (PAM), which was first reported in 1965 (2). In the past 55 years, the comprehensive understanding of N. fowleri such as its ecology, pathogenesis, epidemiology, and clinical management have been reviewed by numerous researchers (3, 4). However, there still lacks effective diagnosis methods to discriminate PAM from bacterial meningoencephalitis and no drugs are found aimed at this infection (5). Making matters worse, increasing novel cases were reported in more areas worldwide, including Asia (6).

Since 1993, only a few cases have been diagnosed as PAM caused by N. fowleri in East Asia (7). In 2011, an N. fowleri infection case was reported in Taiwan, and one thermal spring was found contaminated by N. fowleri in their later detection (8). In the Chinese mainland, there are three cases suspected as PAM based on amoebic trophozoites in the cerebrospinal fluid (CSF) or brain tissue after death, which is reported in a Chinese journal without an English citation version. However, due to a lack of other potent evidence, a precise diagnosis of N. fowleri infection was not put forward. Until August 2016, a 42-year-old male was first diagnosed as PAM with N. fowleri infection in the Chinese mainland and unfortunately passed away 14 days after symptoms occurred (9, 10). Later in 2020, reports showed two children (a 2-year-old in Lanzhou and a 13-year-old in shanghai) diagnosed as Granulomatous amoebic encephalitis (GAE) caused by Balamuthia mandrillaris (11, 12). According to our retrieval, no other related cases were reported in mainland China. Here, we report the first pediatric N. fowleri infection case with an extremely acute disease course in the Chinese mainland. Besides, this study also summarizes 16 Naegleria infection cases, including their clinical indicators and diagnosis methods, which can assist doctors in identifying this rare and emerging infection in time.



CASE DESCRIPTION

On August 17, 2020, a 9-year-old boy with fever (Tmax 40.2°C) was admitted to the Third Xiangya Hospital, Changsha, China. His disease broke out on the 16th with fever and vomiting. Upon admission, the blood test showed leukocytosis of 18.24 × 109/L (92.1% neutrophils). He was treated with Ibuprofen and piperacillin-tazobactam, but the condition did not improve. At 12:00 that day, the child appeared with a headache and vague consciousness and was transferred into the pediatric intensive care unit (PICU) for further treatment immediately. Besides, the child exhibited repetitive high fever, hypertension (149/86 mm Hg), relatively slow heart rate (62/min), positive meningeal irritation signs, and neck stiffness. No positive findings were found in his personal history and contact history of infectious diseases. Therefore, the initial diagnosis was intracranial infection with intracranial hypertension. To ascertain the infection causes, several examinations were adopted, including CSF examination, head computed tomography (CT), and routine blood test. A lumbar puncture discovered that the CSF was purulent in appearance, and the CSF pressure was higher than 300 mmH2O. Elevated levels of white blood cells (WBCs 3.25 × 109/L, 70% multi-nucleus), the protein concentration of 2,606 mg/dL, glucose concentration of 0.9 mg/dL in the CSF, and the blood glucose was 127.8 mg/dL at the same time. MRI showed unremarkable T2 flair and T1 enhancement of the boy's brain leptomeningeal linear enhancement in the occipital lobe (Figure 1). The results of routine blood checks, CRP, PCT, and ESR after admission are shown in Supplementary Table S1. Furthermore, hepatic function, renal function, electrolyte results, and respiratory virus examination were all normal.


[image: Figure 1]
FIGURE 1. Computed tomography scan and magnetic resonance imaging (MRI) of the primary amoebic meningoencephalitis patient's brain. CT enhancement, T2 flair, and T1 enhancement with leptomeningeal linear enhancement in the occipital lobe.


Based on these results and clinical experience, the diagnosis of acute bacterial meningitis was considered. Targeted actions including “Ceftriaxone + vancomycin” anti-infection, “mannitol” to reduce intracranial pressure, “methylprednisolone” for anti-inflammatory purpose, “human immunoglobulin” to improve the body's passive immunity, and limit fluid volume were carried out. However, instead of improvement, at 23:00 on 18th, the child's blood pressure and heart rate suddenly decreased with mydriasis appearance and autonomous respiration arrest. The patient was judged to develop a cerebral hernia. Although the heart rate and blood pressure were stabilized shortly after treatment, the pupillary light reflex and autonomous respiration did not return. The patient's family decided to cease treatment. After removing the life support apparatus, the patient was pronounced dead on 19th. The entire process is briefly exhibited in Figure 2.
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FIGURE 2. A timeline exhibits the relevant data from the episode of care.




DIAGNOSIS AND OUTCOME

According to the patient's symptoms and examinations, a reasonable diagnosis of “acute bacterial meningitis” could be given. However, the disease progressed quickly and did not respond well to our treatment. Moreover, the CSF and blood culture were all negative. Besides, no significant inflammation in the mastoid, paranasal sinuses, and middle ear were found by both rhinoscopy and CT. There was also no skin infection lesion or skull defect by re-examination. So, the pathogen and its infection pathway remained unknown.

The CSF and blood samples were sent for further detection using metagenomic next-generation sequencing (mNGS) in Hugo-Biotech Company, Beijing. The DNA was extracted and purified from 200 uL CSF supernatant and 200 uL blood plasma according to the manufacturer's instruction of TIANGEN kit with DNA library constructed using QIAseqTM Ultra low input library kit. Qualified libraries with different barcode labeling were pooled together and then NGS was conducted on the Illumina Nextseq platform. In the CSF and blood sample, when the human genome was excluded, the NGS identified 42,899 (out of 44,706) and 1,337 (out of 3025) specific sequence reads belonging to N. fowleri genome, respectively (Figure 3). As N. fowleri DNA sequences occupied 95.96 and 44.2% of the whole microbe genome in the CSF and blood sample, it was reasonable to consider PAM as the diagnosis. To verify the results, PCR detection of N. fowleri and Sanger sequencing were adopted. Using the specific primers CAAACACCGTTATGACAGGG and CTGGTTTCCCTCACCTTACG covering ribosomal 5.8S ribosomal RNA gene and internal transcribed spacer 2 gene, the electrophoresis result indicated the specific band was about 183 bp, which was the positive band of N. fowleri infection in the CSF and blood sample. Besides, the brightness of the PCR amplification band was consistent with the difference in the number of reads detected by NGS (Figure 4a). As for the NCBI blast, the nucleotide sequence in 183 bp showed 99% homology with the reference sequence, indicating N. fowleri infection in high confidence (Figure 4b). Moreover, dead amoebae were also found by microscopic observation after smearing the CSF through Wright-Giemsa-stained CSF slides (Figure 4c). In addition, patient history collected from his family showed that the child went to a public swimming pool for recreation and was choked 6 days before the disease occurred. Then, the child was deemed to have sinusitis, but an ear-nose-throat (ENT) examination showed no evidence. Furthermore, the fishy and odorous secretions in the oral and nasal cavity were found during intubation, but unfortunately these secretions were not sent for pathological examination the first time. The patient was finally diagnosed as primary amoebic meningoencephalitis by N. fowleri.


[image: Figure 3]
FIGURE 3. NGS result. (A) N. fowleri infection diagnosis based on NGS on CSF sample. The upper panel is the N. fowleri reads in CSF on the genome mapping, whereas the distribution of the reads of microbes and unclassified reads without human host reads. The number of N. fowleri specific sequences is 42,899, which occupies 95.96% of all microbe sequences, with high confidence of N. fowleri infection. (B) NGS on serum sample for N. fowleri infection diagnosis. The N. fowleri reads in serum on the genome mapping are on the upper panel, whereas the reads distribution of microbes and unknown sequences in the absence of human host reads. There are 3,025 N. fowleri specific sequences that take up 44.2%of all microbe sequences, in high confidence of N. fowleri infection.



[image: Figure 4]
FIGURE 4. N. fowleri infection verification by PCR and pathological examination of CSF slides. (a) PCR amplification bands exhibited by agarose gel electrophoresis. NC: negative control; marker: DL500. (b) The PCR result of N. fowleri in this patient detected by Sanger sequencing. (c) Image of N. fowleri on Wright-Giemsa-stained CSF slides (1,000x, oil immersion). The arrow indicates N. fowleri trophozoites (Scale bar: 20 μm).




DISCUSSION

In this study, we reported the first pediatric N. fowleri infection case in the Chinese mainland. The child was misdiagnosed as “acute bacterial meningoencephalitis” until the NGS results came out. Patients with N. fowleri infection also experienced a 1–7 day disease latency period, and then initial symptoms occurred such as fever, headache, and vomiting, which is not distinctive from bacterial meningitis (13). The misdiagnosis as “bacterial meningitis” frequently happens, which is one of the factors leading to its high mortality. Therefore, we summarize and discuss how to differentiate N. fowleri related primary amoebic meningoencephalitis from bacterial meningoencephalitis, which may help the early diagnosis.


Differences of Meningoencephalitis/Meningitis Caused by Bacteria and N. fowleri

The first point that needs attention is that purulent meningoencephalitis/meningitis is not equal to bacterial meningoencephalitis/meningitis. Purulent meningoencephalitis/meningitis can also be caused by N. fowleri infection as our and previous cases reported (14, 15). Moreover, the suspect diagnosis of bacterial meningitis should be put forward when purulent meningitis or meningoencephalitis are found, but no bacterial is discovered in the CSF (16).

Furthermore, in bacterial meningitis, the bacteria usually reach the meninges by any of the following mechanisms: (1) hematogenous spread from systemic infection foci, (2) spread from nearby infected mastoid, middle ear, or paranasal sinuses, (3) through the choroid plexus, (4) the superficial parenchymal abscess flowing into the subarachnoid space, and (5) penetrating trauma on the skull (17). If the infection pathway cannot be determined, the diagnosis of “acute bacterial meningitis” should be suspected.



Clinical Features of Meningoencephalitis by N. fowleri Infection

To make an accurate diagnosis as soon as possible, we summarized the clinical features of this case and another 15 cases of children infected with PAM worldwide in the past 10 years (Supplementary Table S2) (13, 18–26). Among these 16 cases, 12 of them were reported in the United States, indicating its high incidence there. As for the initial symptom, symptoms of increased intracranial pressure such as headache, fever, and vomiting were common. Notably, the appearance of lethargy, seizures, altered mental status, photophobia, and nausea were also worthy of attention. Moreover, in CSF examination, most cases showed an increase of WBC (from 130/mm3 to 15,406/mm3) with neutrophil predominance, even six cases reported the appearance of RBC. Eight cases exhibited decreased CSF glucose level (≤40 mg/dL) and the CSF protein increased in 14 cases (out of 16) except two cases which did not mention the protein index. In addition, not displayed in the table, the main CT feature was edema including diffuse edema and focal edema. It was worth noting that in some cases CT results showed no obvious abnormality or mild manifestation at first, but manifested in advanced stages.

Thus, when an acute headache, fever, and vomiting occur, with increased WBC amount (neutrophil predominance) and protein concentration, and decreased glucose level, meningoencephalitis due to N. fowleri infection should be considered, especially when the CSF is purulent but the CSF culture is negative.



The Diagnosis of N. fowleri Caused Meningoencephalitis

The common detection methods of N. fowleri include indirect immunofluorescence, PCR, CSF wet mount, and mNGS. Among these 16 patients, nine were diagnosed after death, while 6 patients were diagnosed as PAM within hospital days. Two patients successfully survived due to the early diagnosis and timely treatment with satisfactory recovery. CSF wet mount is the most immediate and fast method and is commonly used for a diagnosis before death. PCR testing, brain tissue immunofluorescent analysis (IF), and NGS were also applied but were more time-consuming. If the brain crest fluid looks purulent, do a wet mount test and smear as soon as possible while culturing. It is important that, if there are many doubts about the diagnosis of bacterial meningitis, PCR or NGS should be performed immediately to assist the diagnosis. We expect the improvement of NGS detection speed in the future to help doctors make a faster and more accurate diagnosis.

In summary, we illustrated the first case of child N. fowleri infection in China, which had rapid progress and high mortality. After reviewing pediatric PAMs worldwide, some clues and methods were found promising to diagnose the disease.




DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author/s.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Ethical Review Committee of Third Xiangya Hospital. Written informed consent to participate in this study was provided by the participants' legal guardian/next of kin. Written informed consent was obtained from the individual(s), and minor(s)' legal guardian/next of kin, for the publication of any potentially identifiable images or data included in this article.



AUTHOR CONTRIBUTIONS

WZ and YO designed and wrote the report. SL and HL participated in drafting and revising the manuscript. CC and LZ reviewed the manuscript for its intellectual content and revised the entire work. All authors approved the final manuscript as submitted and agreed to be accountable for all aspects of the work.



FUNDING

This study was funded by the Project for Xiangya famous doctor in Central South University (2014 [68]).



ACKNOWLEDGMENTS

We are grateful to the staff from the Medical Center Laboratory of the Third Xiangya Hospital for their excellent technical assistance. We would like to thank Hugo Company for its next generation sequencing technical service.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fped.2022.785735/full#supplementary-material



ABBREVIATIONS

N. fowleri, Naegleria fowleri; PAM, primary amoebic meningoencephalitis; CSF, cerebrospinal fluid; CRP, c-reactive protein; WBC, white blood cell; PCT, procalcitonin; ESR, erythrocyte sedimentation rate; NGS, next generation sequencing; ENT, ear-nose-throat; IF, immunofluorescent analysis.



REFERENCES

 1. Visvesvara GS, Moura H, Schuster FL. Pathogenic and opportunistic free-living amoebae: Acanthamoeba spp. Balamuthia mandrillaris, Naegleria fowleri, and Sappinia diploidea. FEMS Immunol MedMicrobiol. (2007) 50:1–26. doi: 10.1111/j.1574-695X.2007.00232.x

 2. Fowler M, Carter RF. Acute pyogenic meningitis probably due to Acanthamoeba sp.: a preliminary report. British Med jJ. (1965) 2:740–2. doi: 10.1136/bmj.2.5464.734-a

 3. Martinez-Castillo M, Cardenas-Zuniga R, Coronado-Velazquez D, Debnath A, Serrano-Luna J, Shibayama M. Naegleria fowleri after 50 years: is it a neglected pathogen? J Med Microbiol Sep. (2016) 65:885–96. doi: 10.1099/jmm.0.000303

 4. Jahangeer M, Mahmood Z, Munir N, Waraich UE, Tahir IM, Akram M, et al. Naegleria fowleri: sources of infection, pathophysiology, diagnosis, and management; a review. Clin Experiment Pharmacol Physiology Feb. (2020) 47:199–212. doi: 10.1111/1440-1681.13192

 5. da Rocha-Azevedo B, Tanowitz HB, Marciano-Cabral F. Diagnosis of infections caused by pathogenic free-living amoebae. Interdisciplinary perspectives on infectious diseases. (2009) 2009:251406. doi: 10.1155/2009/251406

 6. Ghanchi NK, Jamil B, Khan E, Ansar Z, Samreen A, Zafar A, et al. Case Series of Naegleria fowleri Primary Ameobic Meningoencephalitis from Karachi, Pakistan. Am J Tropical Med Hyg. (2017) 97:1600–2. doi: 10.4269/ajtmh.17-0110

 7. Wang A, Kay R, Poon WS, Ng HK. Successful treatment of amoebic meningoencephalitis in a Chinese living in Hong Kong. Clin Neurol Neurosurg Sep. (1993) 95:249–52. doi: 10.1016/0303-8467(93)90132-z

 8. Tung MC, Hsu BM, Tao CW, Lin WC, Tsai HF, Ji DD, et al. Identification and significance of Naegleria fowleri isolated from the hot spring which related to the first primary amebic meningoencephalitis (PAM) patient in Taiwan. Int J Parasitol Aug. (2013) 43:691–6. doi: 10.1016/j.ijpara.2013.01.012

 9. Zhang LL, Wu M, Hu BC, Chen HL, Pan JR, Ruan W, et al. Identification and molecular typing of Naegleria fowleri from a patient with primary amebic meningoencephalitis in China. Article Int J Infect Dis Jul. (2018) 72:28–33. doi: 10.1016/j.ijid.2018.05.001

 10. Wang Q, Li JM, Ji JK, Yang L, Chen L, Zhou R, et al. A case of Naegleria fowleri related primary amoebic meningoencephalitis in China diagnosed by next-generation sequencing. Article. BMC Infect Dis. (2018) 18:5:349. doi: 10.1186/s12879-018-3261-z

 11. Yang Y, Hu X, Min L, Dong X, Guan Y. Balamuthia mandrillaris-related primary amoebic encephalitis in china diagnosed by next generation sequencing and a review of the literature. Lab Med Mar 10. (2020) 51:e20–6. doi: 10.1093/labmed/lmz079

 12. Wu X, Yan G, Han S, Ye Y, Cheng X, Gong H, et al. Diagnosing Balamuthia mandrillaris encephalitis via next-generation sequencing in a 13-year-old girl. Emerg Microbes Infect Dec. (2020) 9:1379–87. doi: 10.1080/22221751.2020.1775130

 13. Lopez C, Budge P, Chen J, Bilyeu S, Mirza A, Custodio H, et al. Primary amebic meningoencephalitis a case report and literature review. Pediatric Emergency Care Mar. (2012) 28:272–6. doi: 10.1097/PEC.0b013e3182495589

 14. Movahedi Z, Shokrollahi MR, Aghaali M, Heydari H. Primary amoebic meningoencephalitis in an Iranian infant. Case Reports Medicine. (2012) 2012:782854. doi: 10.1155/2012/782854

 15. Gyori E. December 2002: 19-year old male with febrile illness after jet ski accident - Diagnosis - Primary amebic meningoencephalitis (Naegleria Fowleri). Brain Pathol. (2003) 13:237.

 16. Thong YH. Primary amoebic meningoencephalitis: 15 years later. Med J Australia. (1980) 1:352–4. doi: 10.5694/j.1326-5377.1980.tb134919.x

 17. Parmar H, Ibrahim M. Pediatric intracranial infections. Neuroimaging Clin N Am Nov. (2012) 22:707–25. doi: 10.1016/j.nic.2012.05.016

 18. Mittal N, Mahajan L, Hussain Z, Gupta P, Khurana S. Primary amoebic meningoencephalitis in an infant. Indian J Med Microbiol Jan-Mar. (2019) 37:120–2. doi: 10.4103/ijmm.IJMM_18_371

 19. Cope JR, Murphy J, Kahler A, Gorbett DG, Ali I, Taylor B, et al. Primary amebic meningoencephalitis associated with rafting on an artificial whitewater river: case report and environmental investigation. Clin Infect Dis Feb 1. (2018) 66:548–53. doi: 10.1093/cid/cix810

 20. Sazzad HMS, Luby SP, Sejvar J, Rahman M, Gurley ES, Hill V, et al. A case of primary amebic meningoencephalitis caused by Naegleria fowleri in Bangladesh. Parasitol Res Jan. (2020) 119:339–44. doi: 10.1007/s00436-019-06463-y

 21. Stowe RC, Pehlivan D, Friederich KE, Lopez MA, DiCarlo SM, Boerwinkle VL. Primary amebic meningoencephalitis in children: a report of two fatal cases and review of the literature. Pediatr Neurol May. (2017) 70:75–9. doi: 10.1016/j.pediatrneurol.2017.02.004

 22. Roy SL, Metzger R, Chen JG, Laham FR, Martin M, Kipper SW, et al. Risk for transmission of Naegleria fowleri from solid organ transplantation. Am J Transplant Jan. (2014) 14:163–71. doi: 10.1111/ajt.12536

 23. Kemble SK, Lynfield R, DeVries AS, Drehner DM, Pomputius III WF, Beach MJ, et al. Fatal Naegleria fowleri infection acquired in Minnesota: possible expanded range of a deadly thermophilic organism. Clin Infect Dis Mar. (2012) 54:805–9. doi: 10.1093/cid/cir961

 24. Heggie TW, Küpper T. Surviving Naegleria fowleri infections: a successful case report and novel therapeutic approach. Travel Med Infect Dis Mar-Apr. (2017) 16:49–51. doi: 10.1016/j.tmaid.2016.12.005

 25. Cope JR, Ratard RC, Hill VR, Sokol T, Causey JJ, Yoder JS, et al. The first association of a primary amebic meningoencephalitis death with culturable Naegleria fowleri in tap water from a US treated public drinking water system. Clin Infect Dis Apr 15. (2015) 60:e36–42. doi: 10.1093/cid/civ017

 26. Sood A, Chauhan S, Chandel L, Jaryal SC. Prompt diagnosis and extraordinary survival from Naegleria fowleri meningitis: a rare case report. Indian J Med Microbiol Apr-Jun. (2014) 32:193–6. doi: 10.4103/0255-0857.129834

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Zhou, Ouyang, Zhang, Liao, Liang, Zhao and Chen. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fped-10-785735-g003.gif





OPS/images/fped-10-785735-g004.gif





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Case Report and Literature Review: Bacterial Meningoencephalitis or Not? Naegleria fowleri Related Primary Amoebic Meningoencephalitis in China



		Introduction



		Case Description



		Diagnosis and Outcome



		Discussion



		Differences of Meningoencephalitis/Meningitis Caused by Bacteria and N. fowleri



		Clinical Features of Meningoencephalitis by N. fowleri Infection



		The Diagnosis of N. fowleri Caused Meningoencephalitis







		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		Supplementary Material



		Abbreviations



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Pediatrics

Case Report and Literature Review:
Bacterial Meningoencephalitis or
Not? Naegleria fowleri Related
Primary Amoebic
Meningoencephalitis in China





OPS/images/fped-10-785735-g001.gif





OPS/images/fped-10-785735-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pediatrics





